
Small Hydro Energy Potential Maps for the Romanian territory 

under investigation (Dambovita County) 

 

1. Experimental and theoretical small hydro potential 

 

The experimental potential as defined for small hydro plants includes the processed 

results arising from on site measurements of flow rates at those water streams that are 

characterized by exploitable water flows. These measurements were either made for 

specific purposes by national/local bodies active in the field of water resources, or 

were derived from processing of older measurements made by relevant organizations.  

 

Figure 1: Dambovita County’s map with the sites where measured data were provided 

 

This set of data should have primarily been the flow duration curves in specific water 

stream points. However, as such data were not provided, we were forced to use a 

typical flow duration curve (normally used in many cases where such data do not 

exist). Figure 1 (above) shows the sites in which data have been provided for the 



territory of the Dambovita County, together with the corresponding watersheds. 

 

Based on these data from measurements and with the use of a water streams model, 

which is derived from the processing of a Digital Elevation Model (DEM), as this 

was provided to us by the local partner (ENERO), the prediction of the flow elements 

of a water stream was made possible in every single point of the stream. The later 

consists of the theoretical potential for small hydro plants and it is the basic input for 

the calculations aiming at the estimation of the technically and economically 

exploitable potential that shall follow.  

 

The theoretical potential data have been incorporated in the system’s database and they 

offer the possibility for retrieval and representation of the available information (flow 

duration curve prediction, topography and land uses elements) in specific points, as 

well as for the more general overview of the potential in large areas of water streams in 

the form of thematic representation maps.  

 

The next step was to investigate the available potential. This was done through the 

processing of the above elements and after imposing some constrains which have to do 

alternatively with legal and environmental aspects (land planning constraints, 

minimum remaining river flow), as well as general techno-economic issues (minimum 

flow rate, net head, estimated power production, penstock length/maximum distance 

from water inflow to the power station). 

 

The output of this investigation is the determination of pairs of points (water inflow – 

power station) that satisfy the above constraints. These pairs simulate hypothetical 

(under investigation) projects, and they consist of the input data for the next steps 

aiming at the evaluation of the technically and financially exploitable potential.  

 

In order to estimate the technological potential the system simulates the choice and 

operation of hypothetical water turbines with the use of algorithms in order to calculate 

(for every hypothetical power plant consisting of the available potential) the type of 

turbine and optimal installed capacity, the energy produced, as well as the utilization 

factor of the turbine and of the available water flow rate.  

 

Then an initial evaluation of the respective investment costs and financial feasibility 

elements of the respective hypothetical project follows, through the calculation of  

- the installation cost 

- the O&M costs 

- the energy production cost (expressed in € / kWh) 

- some basic indexes of investment’s profitability (IRR, NPV). 

As a result, the system suggests some parts of the water streams where small hydro 

power plants of an optimal energy and financial efficiency could possibly be installed. 

The methodological approach followed for calculating the exploitable potential of HPS 

is described in more details in the Annex. 

 



The results of the above investigation(s) are presented in the figures/maps that follow, 

one for each one of the watersheds examined during the analysis. Actually, from all the 

watersheds examined, some smaller basins could be identified and further examined. 

This was the case here, but from these “new” basins only 2 of them have provided an 

exploitable small hydropower potential.  

 

Figure 2: Detailed map showing the results of the analysis performed for the watershed 

(basin) Nr 1 of the Romanian territory 

 



Although the figures / maps that follow are rather explicative themselves, it must be 

noted that the general position of the basin for which the map is referred to is presented 

both macroscopically (in the map at the bottom and right part) and in more detail (the 

big one with the landscape). Especially as regards the 2
nd

 of the below presented 

examined “basins”, it must be further mentioned that the identified SHP project is 

marginally bounded outside the Dambovita county! 

 

 

Figure 3: Detailed map showing the results of the analysis performed for the watershed 

(basin) Nr 2 of the Romanian territory investigated  



Annex: Methodological approach for calculating the exploitable potential 

of HPS 

 

In the following, the specifications of the models that have been used for the design 

and development of the software for the evaluation of the technical and economical 

exploitable small hydro potential are analytically presented. As already mentioned, the 

models presented have been incorporated in a software developed as libraries. These 

libraries are used by the information system for the investigation of scenarios for the 

exploitation of small hydropower potential. 

 

A1. Water streams data model 

 

Water streams and the related to them information (hydrological catchment areas, flow 

rates, etc) can be simulated using two different models. 

 

The vectorial way of display, according to which a water stream is consisted of a series 

of linear segments connected to each other by topological relations (segment class, 

segments connection node, previous and next segment, etc). This way: 

� All information concerning the stream under consideration (measured or calculated 

flow rates data, terrain information such as the altitude, the orientation and the 

slope, etc) are registered as segment or node elements being digitised from the 

respective maps. 

� The catchment areas at specific points of the water stream are polygons which are 

digitised similarly to the water streams digitisation procedure. Any data of those 

catchment areas are registered as those polygons’ data/elements. 

 

The geographical accuracy of the registered data is considered as a comparative 

advantage of the vectorial way of display, whereas the time consuming procedure of 

inserting and organising the necessary data together with the ‘slowness’ as regards the 

implementation of analysis calculations (especially in the case of calculation and 

exploitation of the catchment areas elements as well as DTMs) are considered as basic 

disadvantages. 

 

The second way of organising water streams elements consists of following the mosaic 

way of display. According to this, the space is divided to normal unit segments (cells) 

and all available information is registered in these cells. Following this model, a water 

stream is composed by a number of such cell segments which are distinguished by 

their adjacent ones only based on the fact that they consist parts of a stream (a value 

equal to 1 is appointed to those, while the others are characterised by a 0 value). 

 

As it is obvious, the above way does not guarantee the accurate geographical display 

of the water stream elements. Furthermore, it does not easily realise the topological 

relations between the stream’s elements (nodes, segments, catchment areas). On the 

other hand though, the simplicity of the above described model can guarantee the 

unlimited capability of analysis, as long of course as the two basic problems (accuracy, 

topology) have been overcome. 



 

The methodology for the estimation of the technically and economically exploitable 

small hydro potential is based on the continuous implementation of calculations as 

well as on the implementation of algorithms taking into consideration among others 

the geographical and topological data. Based on the initial consideration that the 

processing capability of the above elements is more important than their geographical 

accuracy, the mosaic organisation model has been chosen. 

 

In the following paragraphs an analysis is provided of: 

− the DTM ‘s elements in relation to the water streams elements taking into account 

that water streams data models are derived by the iterative processing of the DTM, 

as well as of the 

− implementation method of the whole water stream topological model. 

A2. Digital terrain model and water streams 

The elements of the digital terrain model (DTM) are distinguished into: 

- Altitude data directly derived from measurement methods [altitude – z]. 

− Morphological data arising from altitude data processing  

[slope – sl]
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[aspect - as] 

[profile curvature – prfcv]
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[planform curvature – plncv]
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− Hydrographic network data derived through the processing of altitude data  

[flow direction – fd] 

[flow accumulation – fd] 

 

The flow direction determines the direction (taking into consideration the 8 directions 

of the adjacent cells) of maximum slope (see figure below) for a certain point. 

Accordingly, the flow accumulation identifies the number of cells that are “directed” 

towards this specific cell. It could be said that this parameter indirectly determines also 

the area of the catchment zone for every single point where,  

Catchment zone’s area = flow accumulation Χ cell area 

It is obvious that all cells being attributed with a 0 flow accumulation value are 

characterized as ridges, while cells with a large flow accumulation value are beds.  

A3. Topological water stream model 

As shown previously, the water stream data model is defined as a sum of points which 

themselves consist a subset of the reference DTM. What is not defined using this 

model though is the topological relations between every water stream’s elements. All it 
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takes for these topological relations to be expressed in a way is the determination of 

the following parameters for every single stream: 

− The separate segments
4
 that compose the stream  

− Each segment’s class
5
 

− The position of this segment in the hydrographic tree 

− The position of every point in the segment where it belongs.  

 
Figure A1: Schematic representation of the topological water stream model 

 

In order to express these relations (thus the special characteristics of the water stream 

flow as well), three new pieces of information have to be inserted for every single cell 

being a water stream’s element. These three attributes are: 

� the code characterizing the specific hydrographic system (tree) [RV_ID] where 

the point (cell) belongs to; 

� The code characterizing the segment where the cell belongs to [SGMN_ID] 

(see figure above); 

� The serial number of the cell inside the segment it belongs to [PNT_SN] with 

the ascending direction being opposite to the flow movement direction. 

 

The code characterizing the segment to which the cell belongs to is the one that also 

determines the most important topological characteristic of the stream and it also 

creates in an indirect way the network-tree topology of the water stream. The coding is 

clearly presented in figure 6, while according to it the class of each segment, as well as 

                                                 
4
 The segment is defined as the flow from one junction node to another  

5
 It is considered that the last segment (estuaries) of a water stream is of first class and in each junction the class is increased by 

one.  



the previous to this one segment, are defined through simple mathematical equations, 

as it will be presented later on.  

 

A hydrological tree definitely has some restrictions to be taken into consideration, such 

as: 

− The deviation between the streams’ cartographic display and their display based on 

the model previously described. This deviation is larger on the downstream than on 

the upstream and this is due to the facts that, on the one hand, the DTM analysis 

cannot always guarantee reliable results for low slope values, while on the other 

hand there are errors when creating the DTM. 

− The weakness of the encoding procedure to adequately express some structures 

(deltas and flow loops). 

 

An important notice as regards the investigation of the recoverable potential by a water 

stream is the realisation of the concept of the flow path, to the extent that in a 

hypothetical hydro station there is an abstraction point (pnt_fa) and a station point 

(pnt_pr), with the penstock to be connecting these two points and being following the 

flow path route (see  figure A2 below).  

 

Figure A2: The flow path of water stream 

 

Based on the topological relations that have just been described, the following 

information can be concluded: 

− The upsteam and downstream points of a specific point,  

− Whether two points (cells) belong to the same path (flow path), 

− The exact points (cells) of a flow path in the direction of the flow,  

− The length of a flow path. 

 

Furthermore:  

− A flow path’s or any other segment’s alignment. 

− The classification of a flow path’s segments or of any other segment in relation to 

the slope and the direction.  



− The combination of any other geographical information (either primary or 

calculated) that might be useful (land uses, distances from points or paths, etc.). 

 

Some additional useful algorithms used: 

− The detection of the cells that compose the catchment area of a given point;  

− The encoding of points of the water stream. 

 

 


