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ESTIMATING HYDROPOWER POTENTIAL OF SMALL RIVERS 
OF REPUBLIC OF MOLDOVA USING GIS
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Abstract: - Estimating hydropower potential of small rivers of Republic of Moldova using GIS, The increasing demand for energy, 
especially from renewable and sustainable sources, spurs the development of small hydropower plants and encourages investment in 
new survey studies (Larentis et al., 2010). Preliminary hydropower survey studies usually carry huge uncertainties about the technical, 
economic and environmental feasibility of the undeveloped potential. This paper presents a methodology for hydropower potential sites 
assessment. The sequence of procedures to identify hydropower sites is based on remote sensing data and streamflow and rainfall data 
and was automated within GIS environment.
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1. Introduction

Similar studies have been performed world-
wide (Das & Paul, 2006; Weidmann, 2008). The 
causes of such studies are different, besides the 
need to cover electricity demand, we can invoke 
the lack in rivers with large hydroelectric poten-
tial, or even financial difficulties with massive in-
vestments. Consequently, in the literature could 
be found various studies, differing thematically 
from concepts and applications (Felix & Dubas, 
2010) to implementation and tools (Punys et al., 
2011).

Possible locations and potential for small 
hydropower plants has been assessed using a GIS 
based procedure. The procedure has been applied 
for all rivers in Moldova (except for the two main 
rivers: Prut and Dniester) to provide an overall 
estimate of hydropower potential.

The study was conducted in the context of 
Moldova Flood Protection Project, accomplished 
by BETA Studio s.r.l., (Padova, Italia) in collabo-
ration with consultant HR Wallingford (Walling-
ford, Oxfordshire, United Kingdom) for the Min-
istry of Environment of Republic of Moldova, 

and financed by European Investment Bank. The 
first phase of the project consisted of a Prelimi-
nary Flood Risk Assessment in order to provide 
an overview of flood risk for the whole country.

Detailed hydraulic modelling and flood 
risk assessment was then carried out for high risk 
areas totally about 3,000 km of rivers including 
sections of the Dniester and the Prut, which are 
both major international rivers. The project also 
includes capacity building, to strengthen the 
in-country capability for flood modelling, map-
ping and risk management.

The basic assumption is that, to limit im-
plementation costs and impacts, only existing 
dams are used. Other potential sites have not been 
considered (e.g. former hydropower stations that 
have been abandoned - Figure 1).

The procedure has been split into three 
parts: the first one refers to the evaluation of the 
hydrologic-hydraulic parameters of the catch-
ments, the second one refers to the topographic 
and geometric parameters of the dams and reser-
voirs and the third refers to the final evaluation 
of the HydroPower Potential (HPP).
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2. Methods

2.1. Hydrologic-hydraulic parameters
Firstly, the monthly average rainfall for 

each of 10 measuring stations (Andreevca, 
Bălăsinești, Căușeni, Cubolta, Goian, Jelob-
oc, Pârlița, Sevirova, Telenești, and Trinca) for 
the period of available data (1992-2013) has 
been calculated. The results were used to create 
monthly rainfall raster maps using a GIS based 
regression. These maps represent the spatial dis-
tribution of the average rainfall for each month 
(January to December), as shown in Figure 2.

The monthly average values of the ob-
served flows for 15 gauging stations (Andreevca, 
Bălăsinești, Camenca, Căușeni, Ceadâr-Lunga, 
Chișinău, Cubolta, Goian, Hâncești, Jeloboc, 
Pârlița, Sevirova, Taraclia, Telenești, and Trinca) 
for the period of available data (1993-2012) have 
been calculated, and the drainage basin represent-
ed by each station including its geomorphologic 
characteristics (area, average slope, elevation of 
the station) was evaluated using the 35 m DTM.

On the basis of these results, a raster based 
regression analysis has been performed in order 
to derive a relation that links the observed month-

Fig. 1 Former hydropower station on the River Răut downstream of Florești

Fig. 2 Example of the raster based average monthly rainfall for July (left), and November (right)
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ly average discharge volume per unit area of a 
station (in mm) to the elevation of the gauging 
station and the hydrological characteristics of the 
catchment (mean areal precipitation, infiltration 
rate and the roughness). The infiltration rate and 
the roughness of the terrain have been defined 
on the basis of the scientific literature and maps 
provided by the Food and Agricultural Organ-
isation (FAO) and the Institute of Ecology and 
Geography of Academy of Science of Moldova. 
The infiltration rate is based on the material that 
composes the terrain (soil type) and it represents 
the infiltration capacity expressed in mm. The 
roughness expresses the rainfall retention capac-
ity and is based on the land use. Two raster maps 
have been prepared, where the cells represent the 
infiltration rate of the soil and the retention ca-
pacity of the terrain respectively.

The analysis has provided 12 monthly ras-
ter maps, where each cell of the maps contains 
the effective rainfall [mm] that takes account of 
the total rainfall and the losses due to infiltration 
and retention capacity of the terrain see Figure 3.

2.2. Topographic and geometric parameters
The second phase of the assessment was to 

identify the locations of existing reservoirs that 
are suitable for the evaluation of the HPP.

The GIS layer representing the existing 
reservoirs in Moldova (provided by the Minis-
try of Environment, containing 11,788 entities 
including small, medium and large lakes, pools 
and ponds) has been used as the basis for iden-
tifying suitable reservoirs. A threshold reservoir 
surface area of 5 ha has been chosen for a first se-
lection; giving 1,440 reservoirs. In addition, due 
to the influence of the two main rivers (Prut and 
Dniester) on the water levels of the tributaries, 
some of the reservoirs close to the main rivers 
have been manually excluded in the selection. 
After this process, the number of the reservoirs 
selected was 1,257. 

Fig 3 Example of the raster based average monthly effective rainfall for July (left), and November (right)

Fig. 4 Schematic view of hydropower plant
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The next step was the assessment of the 
”geodetic head” (H) for each reservoir. H refers 
to the difference in elevation between the level 
of the reservoir and the virtual powerhouse as-
sumed at the toe of the dam (Figure 4).

Three different approaches have been used 
for the evaluation of H on the basis of the topo-
graphic and geometric information available on 
the dams.

Dams with known parameters
These dams are those where „Apele Mold-

ovei” Agency provided information regarding 
the crest level, the toe level and, in some cases, 
the spillway crest level. In this case, H has been 
assumed as follows:

•	the difference between the spillway crest 
level (if existing) and the toe level of the dam; or

•	the difference between the crest level mi-
nus 0.5 m, and the toe level of the dam.

Dams with unknown parameters but lo-
cated in the area covered by LiDAR data

These dams do not have information pro-
vided by „Apele Moldovei”, but are included 
in the areas of the available LiDAR survey. For 
these dams it has been possible to obtain the el-
evation of the dam crest level identified on the 
LiDAR data using a GIS based procedure.

In order to obtain the approximate value of 
the toe of the dam the following procedure was 
carried out:

•	creation of a buffer around the points rep-
resenting the dams (Figure 5). The radius of the 

buffer has been estimated by tests (20 m was cho-
sen) to be sure that the intersection of the buffer 
with the river axis was immediately after the toe 
of the dam (Figure 6);

•	assessment of the minimum value of el-
evation in the boundaries of the buffer zone car-
ried out using the tools of ArcGIS software. This 
value has been assumed as toe level. It is impor-
tant to mention that the procedure has been val-
idated through some tests where information on 
LiDAR and by „Apele Moldovei” were available 
in order to compare the results.

In this case, H has been assumed as the dif-
ference between the crest level minus 0.5 m, and 
the toe level of the dam.

Dams with unknown parameters and lo-
cated in the area covered by the 35 m DTM

The resolution of the 35 m DTM is too 
coarse and it is not possible to get the elevation 
of the dam crest directly.  The following proce-
dure has therefore been carried out:

•	creation of a buffer around the reservoirs 
(200 m chosen) in order to identify points E1 and 
E2 (Figure 7); the radius of the buffer has been 
estimated by doing some tests to be sure that the 
intersection of the buffer with the river axis is 
not influenced by the reservoir. Identification on 
the orthophoto of points D1 and D2 representing 
the initial and final limit of a reservoir (Figure 
7). Obtain the elevation of points E1, E2 and D1 
from the DTM and evaluate the distances L1 and 
DL1 (Figure 8);

Fig. 5 Buffer (black) around the points representing the 
dams (red), river axis (dark blue line) and reservoirs (poly-
gon in blue)

Fig. 6 Buffer (black) around the point representing the dam 
(red), radius of the buffer (orange) and the reservoir (pol-
ygon in blue)
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•	assessment of the longitudinal average 
slope between the points E1 and E2 (Figure 8) 
knowing H (E1-E2) and L1;

•	assuming that the level of the reservoir is 
represented by the level at point D1 and knowing 
the longitudinal average slope and the distance 
DL1, the value of H has been evaluated as H = 
DL1 * longitudinal average slope (Figure 9).

2.3. HPP evaluation
The HPP for each reservoir has been calcu-

lated according to the following equation:
P[W] = ρgQH η

 (Eq. 1)

Where:
ρ - density of water [1,000 kg/m³, constant];
g - acceleration due to gravity [9.81 m/s², constant];
Q - flow of the river catchment at the reservoir 

[m³/s];
H - geodetic head[m];
η - plant efficiency [assumed 0.8, constant; this 

value takes into account plant efficiency and 
requirement for maintaining an ecological 
minimum flow].

The value of Q used for the calculation of the 
HPP for each reservoir was calculated as follows:

•	The river catchment area at each reservoir 
has been calculated using the 35 m DTM Hydrol-
ogy Tools of ArcGIS (see example in Figure 10);

Fig. 7 Identification of the points E1, E2, D1 and D2

Fig. 8 Longitudinal average slope of the river (dotted line in blue)

Fig. 9 Evaluation of the head H
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The flow Q has been calculated for each 
catchment for each month of the year using the 
average monthly effective rainfall raster maps by 
summing the effective rainfall across the catch-
ment and dividing by the time to obtain the aver-
age monthly flow in m³/s.

An example of result is given on the River 
Răut in the reservoir close to Florești (Figure 11). 
The point in orange refers to the dam for which 
the flow has been evaluated.

The average monthly flow evaluated for 
each month are listed in Table 1 and plotted on 
Figure 12.

In order to choose a suitable value of Q 
for the HPP evaluation, a Flow Duration Curve 
has been assessed for all the reservoirs. For this 
purpose, all the average monthly flows for each 
reservoir have been ordered from highest to low-
est. The example for the River Răut at Florești 
follows in Table 2.

Fig. 10 Example of river catchment areas (green, violet and yellow) for three different reservoirs (points in red)

Fig. 11 River Răut in Florești
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The flow assumed in the evaluation of the 
HPP is the one that is ensured in the river for at 
least 240 days in a year (8 months, see Figure 13).

On the basis of the previous assumption the 
HPP has been then evaluated for all of the 1,257 
reservoirs using Eq. 1. A further selection was car-
ried out from the results using a threshold value 
of the Power [kW] in order to eliminate the res-
ervoirs with a value of Power lower than 0.1 kW.

The total amount of reservoirs considered 
in the final evaluation was 1,090, and the total cu-
mulated HPP is about 1,274 kW for a total yearly 
production of energy of about 7,336 MWh. The 
distribution of the HPP in Moldova is given in 
Figure 14.

3. Results

The results highlight that the main hydro-
power plant is located on the river Bâc at the ex-
isting Ghidighici reservoir (as it is in reality); us-
ing around 1 m³/s as the flow value for 240 days 
it is possible to obtain a potential of about 57 kW.

Other places suitable for the hydropower 
production with a reasonable output are located on:

•	The River Răut close to the Florești town 
(potential for about 32 kW);

•	The River Cubolta close to the Putineș-
ti village (potential for about 24 kW) and close 
to the village of Cubolta (potential for about 15 
kW);

•	The River Botna close to the Costești vil-
lage (potential for about 17 kW);

•	The River Ialpug close to the Congaz vil-
lage (potential for about 13 kW; the reservoir is 
currently very silted);

•	The River Ișnovăț close to the Dănceni 
village (potential for about 13 kW; the reservoir 
is currently very silted).

These locations are shown on Figures 15 
to, respectively, 21.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
4.10 7.29 8.46 6.62 4.11 4.06 4.72 3.30 4.38 5.07 4.91 4.00

Table 1 Average monthly flow [m³/s] for river Răut at Florești

Fig. 12 Average monthly flow for the River Răut at Florești

Mar Feb Apr Oct Nov Jul Sep May Jan Jun Dec Aug
8.46 7.29 6.62 5.07 4.91 4.72 4.38 4.11 4.10 4.06 4.00 3.30

Table 2 Average monthly flow for the River Răut at Florești listed in order of size

Fig. 13 Flow Duration Curve at the reservoir on the River 
Răut at Florești (Flow ensured for 8 months)

Fig. 14 Distribution of the HPP in Moldova
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Fig. 15 Reservoir on the River Bâc at Ghidighici (the yellow dot identifies the existing dam)

Fig. 16 Reservoir on the River Răut at Florești (the yellow dot identifies the existing dam)

Fig. 17 Reservoir on the River Cubolta at Putinești (the yellow dot identifies the existing dam)



GEOGRAPHIA
 N

APOCENSIS A
n X

I, n
r. 1

/20
17

 

ge
og

rap
hia

na
po

cen
sis

.ac
ad

-cl
uj.

ro 

43

Estimating Hydropower Potential of Small Rivers of Republic of Moldova Using GIS

Fig. 18 Reservoir on the River Cubolta at Cubolta (the yellow dot identifies the existing dam)

Fig. 19 Reservoir on the River Botna at Costești (the yellow dot identifies the existing dam)

Fig. 20 Reservoir on the River Ialpug at Congaz (the yellow dot identifies the existing dam)
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The GIS layer with the position of the 1,090 
sites where the HPP has been evaluated has been 
delivered to authorities, including all the infor-
mation regarding the H, Q, P and energy.

4. Conclusions

The aim of the article is to point at the 
problematic of a GIS based assessment of hy-
dropower potential. A first conclusion is that the 
study required a large amount of data. Also, the 
procedure itself is quite laborious. Therefore, the 
procedure requires data automation, for exam-
ple by implementing a model in ArcGIS Model 
Builder or other instrument of its kind. Regarding 
the hydropower potential of reservoirs currently 
existing in Republic of Moldova we can see that 
this potential is quite small. For comparison, the 
potential power of Dubăsari hydroelectric plant, 
on the Dniester River, is 48 MW. Basically, hy-
dropower potential of small rivers could ensure 
local needs only partially.
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Fig. 21 Reservoir on the River Ișnovăț at Dănceni (the yellow dot identifies the existing dam)




