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Abstract: The present paper deals with the implementation of a GIS-based tool for the definition and spatial evaluation of the 
mini hydropower potential. The investigation of the mini hydropower potential is performed at the catchment scale by 
integrating: catchment morphometric analysis; setting criteria for locating the weirs and powerhouses; hydrological 
modelling; engineering analysis; economic analysis and mapping. Hydropower potential results are synthetized 
through the synthetic index (MHP) resulting by the economic analysis based on the IRR dynamic method. A 
simplified understanding of MHP suggests that the investment is strongly recommended (MHP =1.0) when the initial 
cost equals the revenues occurring during a 10-years period. The integrated approach has been tested on a selected 
catchment of the Liguria Region (Italy): MHP map is plotted in order to provide an easily visualization of the results 
in selected catchments. Based on the preliminary results, the study proves that MHP analysis is a powerful tool in 
order to better support energy management strategies. The determination of MHP indexes in a simplified framework 
overcomes the typical problem due to the single prediction of hydropower potential for a specific plant configuration. 
Future perspectives of this research include the analysis of the spatial distribution of the water intakes on different 
reaches along the same river network in order to limit the aquatic ecosystem disturb and to enhance the sustainable 
water resource management. 
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1. INTRODUCTION  

The environmental impact of small hydropower plants (SHP), though it is smaller than that 
produced by dams and large plants, is nowadays a debated issue among researcher (e.g. Lazzaro et 
al., 2013). Recently, policy strategies have been proposed to quantify the ecological stress caused 
by SHPs in a diverted river reach and consequently to support energy strategies that ensure the 
sustainable water resource management. 

The main objective of the present research study is to propose a Geo-Information analysis to 
assess the mini hydropower potential based on engineering, economic and environmental criteria. 
The developed GIS-based tool allows investigating a larger number of potential sites in a given 
catchment than in a traditional hydropower preliminary study.  

The proposed GIS-based tool has been tested on three selected catchments of the Liguria Region 
(Italy); in the present paper results for the Arroscia catchment are described. 

2. METHODS 

The mini hydropower potential mapping is obtained by using a dedicated GIS-based tool that 
allows integrating the available information (both spatial and non-spatial data) into a single 
organized and interactive system, computing new information and efficiently visualizing the 
computed information (Palla et al., 2016). The GIS-based tool provides a reliable estimation of the 
hydropower potential suitable for preliminary studies and/or large scale energy analysis. The 
analysis is focused on run-of-river hydropower plant equipped with a single turbine.  
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In this framework, the investigation of the mini hydropower potential is performed by integrating 
several modules as follows: 

n Module 1: Catchment morphometric analysis; 
n Module 2: Setting criteria for locating the weirs and powerhouses; 
n Module 3: Hydrological modelling; 
n Module 4: Engineering analysis; 
n Module 5: Economic analysis and mapping. 
 
Digital Elevation Model (DEM) is used to delineate the stream network and to calculate the area, 

mean slope, mean elevation and length of the main channel of a given catchment (Module 1). 
Moving on the stream network, the weir locations are selected based on the following criteria: 

weir sites should be located downstream a confluence; the minimum required upstream area is equal 
to 3 km2; an increase of at least 50% in catchment area or 30 km2 is required to locate the 
downstream weir. Starting from each weir site, the powerhouse locations are selected based on the 
following criteria: powerhouse sites are located every 500 m and the distance between weir and 
powerhouse should not exceed 10 km (Module 2).  

The hydrological model includes three components: the rainfall component is used to evaluate 
the mean precipitation over a given catchment; the rainfall-runoff component is based on a 
conceptual model using a cascade of linear reservoirs and the flow duration curve (FDC) 
component is implemented to determine flow statistics on a daily-basis (Module 3).  

Using the FDC curves, the engineering analysis is performed to assess the plant capacity and the 
corresponding workable volume in order to design the run-of-river hydropower plant (Module 4).  

The dynamic economic method is used to select the optimal power plant configuration with 
respect to the all possible alternatives. The resulting hydropower potential is illustrated on a 
readable and accessible map (Module 5). 

The software packages used for the development of the GIS platform include: GRASS GIS for 
the morphometric analysis, engineering parametrization and mapping (Modules 1, 2 and 5); an ad-
hoc hydrologic model developed for the FDC assessment (Module 3); an Excel workbook for the 
plant capacity assessment (Module 4) and Pentaho for the data integration and economic analysis of 
the mini hydropower potential (Module 5). 

A synthetic description of the modules and the main evaluated variables is reported in Table 1. 
 

Table 1. GIS-based tool structure: main evaluated variables, nomenclature, unit of measure and corresponding module. 

 Symbol Unit of measure Module 
Catchment area A km2 Morphometric analysis 
Hydraulic head H m Morphometric analysis 
Diversion channel length Lch m Morphometric analysis 
Penstock length  Lp m Morphometric analysis 
Flow duration curve FDC m3/s Vs. d Hydrologic analysis 
Minimum flow discharge MFD m3/s Hydrologic analysis 
Plant capacity Qd m3/s Hydrol. and Eng. analysis 
Rated power  P kW Engineering analysis 
Annual revenue R1 € Economic analysis 
Internal rate of return IRR - Economic analysis 
Initial investment cost C € Economic analysis 
Mini Hydropower Potential MHP - Economic and Mapping 

2.1 The hydrologic module 

In the Hydrologic module, the rainfall-runoff model is implemented to predict the daily flow rate 
using daily rainfall records as main input data. The Thiessen polygon method is used to estimate the 
average areal rainfall of a given sub-catchment.  

The rainfall-runoff model predicts daily flow rate at a given river section. The different 
hydrologic components (evapotranspiration, vegetation interception, soil retention, runoff, 
infiltration and groundwater flow) are simulated according to a conceptual approach by means of a 
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cascade of three linear reservoirs. The first reservoir accounts for the interception/infiltration/runoff 
processes while the second and the third ones describe the groundwater flow processes. The actual 
evaporation is equal to the potential evaporation using the Thornthwaite equation. The model 
parameters consisting in the reservoir constants and threshold values are calibrated for the gauged 
sites. Subsequently, relationships between the calibrated model parameters and climatic, 
morphometric and land uses parameters for the gauged sites are derived using a multiple linear 
regression. The derived regression equations are then used to estimate model parameters for 
ungauged sites.  

The procedure for deriving the FDC is based on the entire simulation period. The FDC is 
constructed by ordering the simulated daily flow data and computing the exceedance probability 
similarly to the period-of-record FDC. The construction method refers to a steady-state 
representation of FDC that measures the long-term streamflow regime and can be effectively used 
for assessing the long-term hydropower potential of a given site (Vogel and Fennessey, 1995). 

Finally, the MFD estimation is defined according to the Water Authority prescriptions.  

2.2 The engineering analysis 

In the engineering analysis, the plant capacity is assessed in case of a run-of-river scheme 
according to the MFD rule: the flow which can be diverted from a river to the plant is equal to the 
difference between the upstream flow and the MFD (thus the plant can work only when such 
difference is positive). The actual range of diverted flow processed by the plant depends on the 
technical characteristics of the turbine, specifically the range between the maximum and minimum 
workable flows. The maximum workable flow corresponds to the design flow of the turbine while 
the minimum one corresponds to the cutoff flow which is generally expressed as a fraction of the 
design flow. In the present study the cutoff coefficient is assumed equal to 0.4. 

The workable volume is then calculated using the flow duration curve according to the above 
mentioned MFD rule. In a first approach the plant capacity is estimated based on to the mean annual 
flow (Qm). Secondly, the plant capacity that maximizes the energy production is obtained by 
computing the maximum workable volume (QEN). By evaluating the specific workable volume 
equal to the ratio between the workable volume and the corresponding plant capacity, the final 
design flow is selected between 0.8Qm and QEN in order to maximize the specific workable volume. 
The state-of-the- art of the run-of river power plants supports the design choice given by the 
multiply factor equal to 0.8. 

2.3 The economic analysis and mapping 

In the economic analysis, the cost and revenue are analysed according to an economic dynamic 
method. The construction cost of the hydropower plant is assumed as the only cash outflow 
occurred; further any financing and the related interests are neglected. The cost occurring during the 
functioning of the plant are here neglected by considering that the small hydropower plants are 
characterized by initial investment cost much higher than the corresponding operational expenses 
(Aggidis et al. 2010). The construction cost is computed as the algebraic sum of the costs related to 
the following technical-engineering elements: the intake structure (including weir, intake and 
settling catchment), diversion channel, penstock, electro-mechanical equipment (including turbine, 
speed controls and generator) and powerhouse. According to the cost formulae documented in the 
literature (e.g. Ogayar and Vidal 2009), the construction cost is generally expressed as a power 
function of the main features of the plants. In the present study empirical cost formulae are derived 
using a simple regression analysis between the costs and the main features of SHPs installed in 
Italy. In particular, the costs relating to the intake structure, diversion channel and penstock are 
expressed as a function of the design flow while the cost relating to the electro-mechanical 
equipment and powerhouse are expressed as a function of the rated power. Note that the cost 
formulae for the diversion channel and penstock are derived for length unit. In addition, a fixed 
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amount equal to 60,000 € is considered to account the electric service connection expenses. Finally 
the total cost is incremented of 10% rate to account the cost related to the incidental expenses.  

The annual revenue is calculated by multiplying the annual produced energy by the selling price 
of energy from renewable sources which is assumed to be constant. The energy selling price is 
estimated equal to 0.08 €/kWh according to the Italian Authority for Electric Energy and Gas 
deliberation for renewable energy from very small power plants producing not more than 1 MW. 

The assessing of the mini hydropower potential (MHP) is based on the above mentioned 
economic analysis of the plant investment thorough the internal rate of return (IRR) method (Basso 
and Botter, 2012). The IRR is defined as the interest rate which makes the net present value of the 
investment equal to zero. The criterion for the selection between different plant alternatives is to 
choose the investment with the highest IRR that corresponds to the selection of the least risky 
choice. Note that the IRR values are computed by assuming a lifetime period of the hydropower 
plant equal to 30 years. 

In order to easily quantify the IRR analysis results, a dedicated MHP indexes is here defined as 
follows: 
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Therefore the project feasibility is classified according to the following MHP index values (i.e. 
to the corresponding IRR): 

n if MHP ≤ 1.0 (i.e. IRR ≥ 0.09), the mini hydropower plant investment is strongly 
recommended when the initial cost equals the revenues occurring during a 10-years period; 

n if 1.0 < MHP ≤ 1.5 (i.e. 0.05 ≤ IRR < 0.09) the mini hydropower plant investment is 
affordable; 

n if MHP > 1.5 (i.e. IRR < 0.05), the mini hydropower plant investment is unaffordable.  

3. CATCHMENT APPLICATIONS  

The GIS-based tool to assess the mini hydropower potential of a specific catchment has been 
tested to three catchments of the Liguria Region (Italy) in the framework of the project “Preliminary 
study to assess mini hydropower potential in the regional territory”. In the present paper, the results 
obtained for the Arroscia catchment are described. The Arroscia catchment is located in the western 
Liguria Region and it has a drainage area of 273 km2 with a mean annual discharge of about 4 m3/s. 
The river network stretches along the west-easterly direction; the drainage system is dentritic and 
the main watercourse has a total length of 38 km. The Arogna and Giara di Rezzo streams are the 
main left-bank and right-bank tributaries respectively. Before entering into the River Centa, the 
Lerrone stream flows into Arroscia on the right-bank (see Figure 1). By considering the altimetry, 
vegetation and limited anthropogenic exploitation of the territory, the Arroscia is a mountain 
catchment characterized by steep slopes and high crest line.  

The morphometric analysis of the Arroscia catchment is performed using the DEM from the 
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) freely available at 
30 meter resolution. By applying the criteria for locating the weir, 27 sub-catchments are picked 
out: 11 sub-catchments with a drainage area smaller than 10 km2, 10 sub-catchments ranging 
between 10 and 50 km2, 6 sub-catchments larger than 50 km2. Starting from a reference weir, all the 
potential alternatives to locate the powerhouse are selected according to the setting criteria thus 
resulting from a morphometric analysis of the river network and slopes. For each alternative 
powerhouse, the gross hydraulic head is retrieved from DEM. 

None streamflow measurements are available for the Arroscia catchment, therefore to estimate 
the flow statistic (FDC) at each weir section, the hydrologic model is implemented to predict the 
daily flow rate using observed daily rainfall records as main input data.  
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Figure 1. Overview of the Arroscia catchment in the Liguria region (Italy). 

Finally, in order to estimate the flow rate which can be diverted from each river section the 
corresponding MFD is computed. The MFD estimation defined by the Water Authority of the 
Arroscia catchment is based on the following empirical expressions: 

Aqk=MFD ⋅⋅  (2)                    (2) 

and 

 058.01039.2 5 +⋅⋅− − A=k  (3)                    (3) 

where k is an experimental parameter evaluated for each specific hydrographic area, q is the average 
specific flowrate on annual basis [l/(s·km2)] and A is the drainage area [km2]. 

Using the FDCs and adopting the MFD rule, the plant capacity is designed for each weir section 
by comparing the mean annual flow and the flow that maximizes the energy production according 
to the criteria implemented in Module 4. 

By coupling the hydraulic characteristics of a specific weir site together with all the potential 
alternative powerhouse locations, the algorithm implemented in the engineering module evaluates 
the main features of the different mini hydropower plant alternatives. In particular, based on the 
morphometric analysis of the catchment, the gross hydraulic head and distance between the weir 
and the powerhouse are derived for each alternative. Further the economic assessment of the 
hydropower plant expressed in terms of the construction cost and annual revenue is performed. 

The economic analysis (based on the IRR dynamic method) is finally synthetized through the 
MHP index evaluated for the 27 weir sections and the 640 mini hydropower plant alternatives. 
Results are mapped out in Figure 2 where a specific color is assigned to each weir based on the 
minimum MHP index corresponding to the optimal mini hydropower plant alternative for each weir 
section. In Figure 2, three different colors (green, yellow and red) are associated to the three 
corresponding classes of MHP index thus showing if a given catchment reveals suitable sites for 
installing a mini hydropower plant: the investment is strongly recommended in sites indicated as 
green dots while the investment is unaffordable in sites indicated as red dots. In 10 sub-catchments 
over 27, the investment is affordable: for these sub-catchments it is possible to select at least a 
specific powerhouse location corresponding to a mini hydropower plant with MHP index ranging 
between 1.0 and 1.5 (yellow dots on Figure 2). On the other hands, in 13 sub-catchments over 27 
the mini hydropower potential is no technically exploitable, namely the investment is unaffordable 
being characterized by MHP index values greater than 1.5. Looking at the data reported Figure 2, 
the implementation of mini hydropower plants is affordable mainly in the mountainous area (west 
side of the catchment). 
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Figure 2. Map of the Mini Hydropower potential index for the Arroscia catchment (Italy). 

4. CONCLUSIONS  

The spatial evaluation of the hydropower potential for a given catchment has been analyzed by 
means of a dedicated GIS-based tool. The developed GIS-based tool involves the integrated 
analysis of environmental, technical and economic variables (based on spatially-distributed data).  

All the potential plant alternatives (in terms of weir sections and the related powerhouses) are 
examined at the catchment scale in order to figure out the optimal solution corresponding to the 
minimum MHP index. Hydropower potential results are synthetized through the MHP map where a 
colored marker (from green to red) is associated to each investigated weir indicating the plant 
investment feasibility. Due to its readability and accessibility, the hydropower potential map can be 
easily used by practitioners as well as policymakers to support and promote the hydropower energy 
generation. Finally, the determination of MHP indexes in a simplified framework overcomes the 
typical problem due to the single prediction of hydropower potential for a specific plant 
configuration. 

Future perspectives of this research include the analysis of the spatial distribution of the water 
intakes on different reaches along the same river network in order to limit the aquatic ecosystem 
disturb and to enhance the sustainable water resource management. 
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