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1. INTRODUCTION 

Gauldal Consult has been engaged by Norsk Energi to offer technical small hydro power 

competence ÕÎÄÅÒ ÔÈÅ ÐÒÏÇÒÁÍ ȰCDM Program of Activities for Greenfield Hydropower 

Project in Georgia.ȱ Energy Efficiency Centre is the local partner in Georgia. The program 

offers assistance to development of small, mini and micro greenfield hydropower projects in 

rural areas of Georgia by setting up a CDM Program of Activities and providing manuals, 

tools and templates for a step-by-step project development process. 

The program is funded by the Norwegian Government with the aim of building capacity on 

small hydropower project development in Georgia. The project will assist a project owner 

with preparing documentation required to seek CDM financing, and also implement 

specifications needed to develop a robust and reliable hydro power plant due to the current 

Small HydroPower Plant (SHPP) guide. 

This excursion report sums up the impressions after site visits in Georgia in May 2010 in 

order to recommend a pilot plant for the project. The recommendation is based on the local 

conditions with regard to location of SHPP main components and existing technical 

documentation of 4 actual pilot projects. 

2. ON-SITE INSPECTIONS 

The route of inspection May 3rd ɀ May 4th 2010 was prepared by Manana Dadiani, Energy 

Efficiency Centre, who also was our site manager. Gauldal Consult was represented by Sølvi 

Eide and Ann-Elin R. Helset.  

On behalf of the project owner Shamil Birkadze, Tezeri SHPP was represented by their 

project manager Irakli Janashia and Bakhvi SHPP by Roland Sikharudlidze. Tbeti SHPP was 

represented by the project owner Anzor Gogitidze.  

Figure 1 shows the location of the SHP-sites in Georgia and the excursion route was 

executed in accordance with the plan: 

 

× MAY 3rd : 
1. Tezeri SHPP, Shida, Kartli region 

2. Bakhvi 4 and Bakhvi 5 SHPP, Guria region 

 

× MAY 4th: 
3. Tbeti SHPP, Adchara region 
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Figure 1: The SHPP excursion sites in Georgia, May 2010. 

2.1 MAIN COMPONENTS 

In general, hydro power is a highly complex technology, which involves hydrology, civil 

engineering, hydraulics, mechanical, control and electrical engineering and last but not 

least financial analysis.  

The hydro power potential is by nature limited either by height or water flow. Pre-

feasibility studies, often based on maps and site visits, are important before further 

calculations. Both practical and professional experience is required to optimize the 

location of the main components as the intake, trench line, power house and roads. 

2.2 METERING STATION 

Reliable hydrological data is of course very important to simulate the varying energy 

flow in order to finalize a proper feasibility study, and thus calculate the optimal 

discharge flow for a given hydro power plant. In order to attain representative data of 

the flow, it is preferable to use data on a weekly or daily basis over a period of typical 

30 years. 

Subsequently, if the hydrology data is incorrect and does not reflect the hydrologic 

features of the actual water course, the dimensioning of the power plant also will be 

incorrect. Thus one may end up with a power plant which is too small compared to the 

available flow, or in worst case a unit which is over- dimensioned compared to the 

available flow. The energy production is a function of the hydrology, net head, 

efficiency of the equipment and the pipe line features. 

During the site visit the actual metering station should be inspected. If one suspects 

that the quality of the data is not good enough or not representative for the actual 

drainage basin, location of a local metering station must be considered nearby the 

intake. Often the period of time from planning of a SHPP to the construction is several 

years. A short period with reliable hydrological data is better than decades with 

incorrect data. The local measurements can also be used to scale an existing longer flow 

data series.  

 

Tbeti 

Bakhvi 
Tezeri 
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2.3 INTAKE DAM 
The optimum location of the power plant and the intake is a function of the pressure 

gradient i.e. gross head, length of pipe line and the hydrology. Also, in an economical 

point of view the locations in consideration must be feasible within a certain range.  

Location of the intake defines the drainage basin. A neighboring water course may be 

available by lowering the location of the intake. It may be an option to conduct water 

from the neighboring water course via a pipeline or a channel. 

Mainly, the intake dam consists of the actual dam construction and the intake 

construction, which leads the water to the penstock. The dam must be constructed to 

withstand the forces from the water in the reservoir in normal flow conditions and also 

in flood periods. The basin relief and ground of slopes should be checked by a geologist. 

In addition, the dam must be constructed to divert the flood and thus prevent flooding 

of the gate house. In rivers with a relatively high content of sand particles a sand trap 

must be considered to reduce the amount of sand entering the turbine.  

Furthermore, the actual intake need to be sufficient submerged to prevent branches, 

leafs or other foreign objects from filling up the inlet chamber and obstructing the 

water from entering the pipe line. Problems related to icing in front of the intake must 

also be considered if necessary. 

In addition, the intake should be located in an area where the flow is calm and no swirl 

flow is induced. Swirl flow induces air bubbles which may follow the water flow and be 

leaded in to the penstock and further in to the turbine, which may cause serious 

damage to the turbine.  

2.4 PIPE LINE 
The most important factors related to the pipe line are pressure class, the inlet 

diameter and the friction coefficient. There are mainly four types of pipe lines which 

are considered when planning a hydro power plant: Polyethylene (PE), Glass Fibre 

Reinforced (GRP), Stainless Steel, Ductile iron and wooden pipe line. In some cases also 

concrete pipelines can be considered for a certain part of the penstock. Open or closed 

channels are also used to transport the water for a longer distance before entering the 

pressure tank and transition to pressure pipes for the last part. For very steep slopes 

tunnels may be considered. Recently special drilling equipment for SHPPs is developed, 

e.g. www.norhard.no. 

The penstock must withstand the pressure from the water, where also water hammer 

must be considered. Water hammer is a pressure rise due to a sudden change in the 

flow direction, e.g. when the power plant experience a sudden shut down. The trench 

line must be constructed to withstand the surface water with normal precipitation  and 

also in flood periods. 

The route of the pipeline is dependent on several parameters, how steep the landscape 

is and the features of the ground; rock, gravel or boggy. The trench line must be seen in 

relation with the location of the intake to avoid unnecessary crossings of the river. The 

ownership of the ground must also be considered. Planning of the trench line should be 

done in several steps in combination with an economical analysis with regard to losses, 

budget costs and the income due to future energy prices.  

file:///C:/Documents%20and%20Settings/annelinh/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/O6SV4455/www.norhard.no
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If the penstock is planned, with a certain inclination, an air release valve at the highest 

point on this inclination has to be included. Otherwise, a deeper trench must be 

considered to avoid this inclination. 

To bury the pipes is often favorable with regard to esthetical aspects and risk of 

damage of the penstock during the SHPP lifetime. It is also easier to secure a continuous 

slope inclination of the penstock. Needless to say, if necessary later on, the pipes can be 

removed and nature restored. 

The latest step in the planning phase, in order to work out detailed drawings, is on-site 

detailed measurement in order to outline the intersection between pressure classes, 

bends, location of the couplings, drainage pipes/ditches and reinforcement of the 

pipeline due to crossing of the pipeline and dimensioning of the concrete elements 

nearby the power station. 

2.5 POWER STATION 
The location of the power station is in addition to the adaption to the terrain also a 

matter of economical optimization . The higher the pressure, the more expensive the 

pipeline, the power station and the electromechanical equipment, but on the other 

hand increase in production/income during  the lifetime.  

An optimized location of the pipeline with regard to the power station is crucial to 

avoid unnecessary bends and losses. In figure 2, shows an example of a SHPP where the 

pipeline is buried under the road to the intake and connected to the inlet pipe without 

any abrupt turn. The power station must be constructed to withstand and absorb the 

water pressure, when the turbine and the main valve are in a closed position.  

In order to prevent the electromechanical equipment from vibrating and displacement 

it is vital to construct a proper foundation for the turbine, generator and the draft tube. 

This foundation must be sufficient to absorb the forces from the turbine, generator and 

the draft tube. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Example of a SHPP design. 
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It  is vital to plan sufficient space in the building to secure a safe installation and 

operation of the unit. The space needed will depend on the need for traverse crane, 

number of aggregates, horizontal or vertical shaft and type of turbine and generator. It 

is a solution to move the roof when mounting the generator and use a mobile crane, but 

it may be an expensive affair, and also for refurbishment and repairs a simpler traverse 

carrier may be a better and less costly solution.  

Emergency exits in the event of accidents must be implemented. In addition, the level of 

the ground floor must be high enough to secure the equipment in the event of a flood. 

Furthermore, the power station must be grounded to avoid lighting damage on the 

equipment and earth fault current on contact surfaces.  

The high voltage switches and transformers are usually due to security mounted in 

separate rooms or buildings. Also with regard to maintenance costs environmental and 

long lasting solutions should be made. For the prevention of public resistance to the 

project, the facade of the SHPP should mingle with the surrounding nature and existing 

architecture.  

In order to obtain a reliable power plant with a long operational time it is important 

that the SHPP is constructed with high quality material with regard to fatigue, 

corrosion, erosion and wear in general. 

2.6 GRID CONNECTION 

In Norway the average expected SHPP life time is 30 years, and this is actually 

considered as a relatively conservative assumption. Also, in Norway the energy grid 

company is obligated to distribute the electricity as long as the power plant is 

producing hence there is no time limitation. This situation obviously reflects the quality 

requirements of the equipment. The producer obtain NordPool spot prices per kWh,  

http://www.nordpool.com/mark etinfo/powersystemdata/  , if not a fixed price is 

agreed upon, of course reduced for administration costs of the energy company selling 

the power into the market. 

The cost for the grid connection may vary a lot from site to site. The rule is that the cost 

of additional grid, which is not needed for safe operation of the grid, must be covered 

by the SHPP owner and may cause full stop of project plans. It is an option to wait for 

other SHPP projects or the consumption of power in the actual region requires 

additional grid capacity. Anyway it is important to contact the grid company as soon as 

the prefeasibility study is conducted to reveal the possibilities for the grid connection 

of the actual power.  

The grid company may need to conduct a dynamic analysis of the grid to enlighten both 

spare grid capacity and the necessary features for the SHPP grid interface to secure 

stable operation. The components in the power station should be tested for different 

errors and irregular grid conditions that may occur. 

An important component with regard to the grid connection is the generator. The main 

difference between the main generators is that the synchronous generator is self-

exciting, whereas the asynchronous generator is dependent on receiving reactive 

power from the grid for the excitation process. This means that if the unit is operated 

 

http://www.nordpool.com/marketinfo/powersystemdata/
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on an isolated grid, the generator has to be synchronous because the asynchronous 

generator depends on receiving reactive power from the grid for the excitation.  

For units below 1 MW, asynchronous generators are cheaper and adequate while 

synchronous generators rated greater than 1 MW are preferable. The design of the 

generator is dependent on the power, type of turbine and rotational speed. One 

important feature of the generator is the maximum allowable speed for a given period 

of time, more common known as the runaway speed. The generator experience 

runaway speed in the event of an emergency shutdown at full load, where the unit has 

been disconnected from the grid. Subsequently, the speed of the generator will increase 

above the synchronous speed as the load from the grid has been removed. Also, it is 

vital that the generators moment of inertia is sufficient to obtain a dynamic stable 

system.   

The controller is often denoÔÅÄ ÁÓ ÔÈÅ ȰÂÒÁÉÎȱ ÏÆ ÔÈÅ ÐÏ×ÅÒ ÐÌÁÎÔ ×ÈÅÒÅ ÍÏÓÔ ÏÆ ÔÈÅ 

logical functions and automatics are programmed. In addition to the electrical signals, 

the controller also controls the alarm signals. The main purpose of the controller is to 

adjust the water flow based on the available flow in the intake, and also to provide a 

reliable stable operating system. The controller equipment consists of control, 

instrumentation, metering, signaling and protection systems. 

The controller has the superior view of the power plant, including the grid, intake, 

penstock and the installation in the power station. Hence, any malfunctions in these 

components will be detected by the controller, and alarm signals and necessary actions 

will be executed by the controller. 

A transformer is a static electric machine that consists of electrical windings linked 

together by a magnetic circuit. The transformer transforms electricity from one circuit 

to another. Alternating voltage and current are transformed from the primary to the 

secondary winding, keeping the frequency constant. The major application of the 

transformer is voltage transformation in order to optimize electric transmission in the 

grid. The voltage at the high voltage side of the transformer has to be equal to the 

connection point. On the low voltage side, the voltage level equals the voltage level of 

the generator. 

The main purpose of the switchgear is to disconnect the hydropower installation from 

the grid if any error occurs. There are switches, on the low and high voltage side of the 

transformer, associated with control, metering (current and voltage transformer), 

protective (lighting conductors) and regulating units. There are switches to protect the 

generator, the transformers and the power line. Intensity, voltage, temperature of the 

system and insulation level are important parameters that must be considered when 

designing the switchgear. 

2.7 ON-SITE VISIT 
For documentation and optimization a form to detect important information was used 

and the following data was requested: 

 Flow data, preferable on daily or weekly basis  

 Environmental flow 
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 Map (Scale 1:50 000 or in that order of magnitude) illustrating the location of the 

metering station, intake, pipe line trench and the power station 

 Map, scale 1:5 000, 1:10 000 or in that order of magnitude, illustrating the 
location of the intake, pipe line trench, the power station and the grid connection 

 Intake and power plant location in meter above sea level 

 Length of the pipe line trench 

 Type and inner diameter of the pipe line 

 Length to the grid connection point, and the voltage level of the grid connection 

 Maximum operating flow 

 Number and types of turbines, and if several units indicate the maximum 
operating flow of each units 

 Type of generator i.e. synchronous or asynchronous and the speed in rpm 

 Estimated power output and production 

 The total investment cost, and a budget which shows how the cost is distributed 
among the specific technical areas i.e. intake, pipe line, pipe line trench, power 
station, grid connection, roads, electromechanical equipment etc 

3. TEZERI SHPP 

In the following chapters a selection of photos are included to describe the location of the 

main components for the possible pilot projects. 
 

 
Figure 3: The river Shola ɀ used for irrigation and water supply . 
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Figure 4: The location of the intake  and GPS measurement. 

 
Figure 5: Route of pipeline from the intake - round  the village.  

 

 
Figure 6: Location of the hydropower  building . 
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Figure 7: The outlet channel ɀ sand must be transported . 

 

 
Figure 8: Example of GPS measurements made. 

 

 
Figure 9: Banki turbines , the housing. 
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Figure 10: Banki turbines , the runner . 

4. BAKHVI 5 SHPP 
 

 
Figure 11: Upstream the intake  to Bakhvi 5. 

 

 
Figure 12: Steep river bank nearby the location of the intake at the meeting point of two rivers.  
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Figure 13: Location of the power house on the furthermost riverside.  

 

 
Figure 14: SHPP nearby the bridge. 

 

 
Figure 15: Existing access to the SHPP. 
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Figure 16: The switching station nearby the power house . 

 

 
Figure 17: The 35 kV transformer  planned to be used for Bakhvi SHPPs. 

5. BAKHVI 4 SHPP 
 

 
Figure 18: Upstream the intake to Bakhvi 4. 
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Figure 19: The discharge of Bakhvi 4.  

 

 
Figure 20: The location of the power house on the furthermost side of the river.  
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6. BAKHVI 3 SHPP 
 

 
Figure 21: The river  downstream the planned intake to Bakhvi 3.  

 

 
Figure 22: The road to the intake. 
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Figure 23: Manana Dadiani pointing at the excavator . 

 

 
Figure 24: The excavator preparing the route for the open channel . 

 

 

  














