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Executive summary 

At a time when climate change effects are already noticeable, many governments are looking for solutions 

such as small hydropower (SHP) to decarbonize their economies. SHP, usually defined by installed capacity 

of up to 10 MW, is often believed to be a clean source of electricity supply without the negative 

environmental impacts associated with large dams. In this context, European policy has allowed the 

expansion of hydroelectricity and the promotion of SHP as part of its strategy to meet the defined 

renewable energy and greenhouse gas reduction targets. However, SHP is not free from harmful impacts 

and can have significant negative environmental effects, at times comparable to those of large dams. 

The goal of this study is to evaluate the potential output of small hydropower in the European 

Mediterranean region and to assess its importance as an energy supplier. The study is based on a pre-

existing inventory of current and projected SHP sites. For each site, theoretical hydropower potential was 

computed, based on climatological, hydrological and elevation open-source data, and on common SHP 

plant design criteria.  

Results for 14 countries under two different modelling scenarios ς (1) άtǊŜǎŜƴǘέΥ operating SHP sites 

(4 177 sites); and (2) ά²Ƙŀǘ ƛŦΚέ: operating, under construction and projected SHP sites (9 925 sites) ς 

were first compared to national gross electricity consumption and primary energy consumption. 

Estimated potential was then compared with real SHP plant data and a likely overestimation factor was 

extrapolated: existing projects have a productivity, on average, around 3.5 times smaller than the 

theoretical (overestimated) potential. A literature review and discussion were also performed on the 

economics of SHP and on the viability of SHP in a climate change context. 

The graphics below show the identified SHP potential and likely contributions to gross electricity 
consumption and primary energy consumption. 
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Key conclusions: 

¶ The potential (overestimated) contribution to the energy mix of existing SHP sites in the 

European Mediterranean basin is low ς on average, around 2.6% of gross electricity consumption 

and 0.47% of primary energy consumption. The real contribution is likely some 3.5 times lower 

ς falling to around 0.74% of gross electricity consumption and 0.12% of primary energy 

consumption. 

¶ Building 5 748 new plants and more than doubling the existing number of SHP plants does not 

greatly increase the energy contribution of SHP. Potential (overestimated) contribution rises 

from 2.6% to 4.4% of gross electricity consumption and from 0.47% to 0.79% of primary energy 

consumption. 

¶ SHP production is highly dependent on meteorological conditions, varying by more than 50% 

from the best to the worse years. Results are quite variable by country and year: years of drought 

in some regions show high productivity in other regions. SHP potential is higher and more stable 

in mountain regions (due to the combined effect of elevation and orography-induced rainfall). 

However, the countries with higher number of SHP installations (Italy, France, Spain, Greece) 

are not those with the higher productivity by plant nor the most resilient to dry years. 

¶ Mediterranean SHP production will be greatly affected by climate change. Iƴ ŀ ǿƻǊƭŘ н ϲ/ 

warmer, stream flow in the Mediterranean region is expected to fall significantly (by 10%-30%). 

Reduction in hydropower productivity will be even worse with water scarcity prompting higher 

competition for this resource and rain pattern modifications further decreasing productivity. 

¶ Investing in (i) energy efficiency and (ii) emerging technologies, such as photovoltaic, is more 

cost effective than SHP to achieve steady and secure electric systems. The cost of electricity from 

{ItΣ ƳŜŀǎǳǊŜŘ ŀǎ ǘƘŜ ƭŜǾŜƭƛȊŜŘ /ƻǎǘ ƻŦ 9ƴŜǊƎȅ ό[/h9ύ ǊŀƴƎŜǎ ŦǊƻƳ пл ǘƻ ƻǾŜǊ олл ϵκa²ƘΦ ¢Ƙƛǎ ƛǎ 

expensive, when compared to the wholesale market price of electricity production in Europe 

όŀōƻǳǘ пл ǘƻ сл ϵκa²ƘύΣ ǘƘŜ Ŏƻǎǘǎ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǾŜǎǘƳŜƴǘǎ όǘȅǇƛŎŀƭƭȅ мл ǘƻ пл ϵκa²ƘύΣ 

ŀƴŘ ǘƘŜ Ŏƻǎǘ ƻŦ ŜƳŜǊƎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ ǇƘƻǘƻǾƻƭǘŀƛŎ όŀōƻǳǘ рл ϵκa²ƘΣ ǿƛǘƘ ŀ ŘƻǿƴǿŀǊŘ 

trend). While some low-investment, low-impact SHP projects such as refitting existing SHP sites 

or setting up SHP in waterworks (e.g. irrigation, water supply and wastewater systems) can be 

economically interesting and environmentally more acceptable, in most cases, SHP is neither a 

cost-effective way to ensure a reliable electric system, nor to perform the needed energy 

transition or to reduce carbon emissions. 

  



Evaluating the energy contribution of small hydropower in the European Mediterranean Basin τ J.J. Melo, A. Galvão & M.J.F. Sousa 

 6 

 



Evaluating the energy contribution of small hydropower in the European Mediterranean Basin τ J.J. Melo, A. Galvão & M.J.F. Sousa 

 7 

Introduction 

 

To tackle climate change, the European Union has taken ambitious climate action measures, committing 

to achieve carbon neutrality by 2050. This will require a concerted effort across all economic sectors, and 

particularly in the energy sector. Europe has a long history of hydropower, and in some countries, it 

represents an important contributor to the renewable energy share. Much of the available potential for 

large hydropower projects has been exploited, with few spots available for additional projects to be 

implemented (Venus et al., 2020). Furthermore, the negative social and environmental impacts of large 

dams are well-known (WCD, 2000). 

Small hydropower, on the other hand, is often believed to be a clean source of electricity supply, 

supposedly without the negative environmental impacts associated with large dams (ESHA, 2012). This 

notion has led to a policy focus on the expansion of hydroelectricity in Europe and the promotion of SHP 

as playing a key role in meeting 9ǳǊƻǇŜΩǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎΦ 

However, SHP does not come without negative impacts: river barriers are responsible for biodiversity loss, 

river fragmentation, water quality degradation, sediment retention and erosion phenomena (WWF, 

2018). Also, when assessing the environmental impacts of hydropower per MW of installed power, SHP 

can have negative environmental effects comparable to those of large dams (Abbasi and Abbasi, 2011). 

Bemposta dam, river Douro, Portugal,: photo by Jońo Joanaz de Melo 



Evaluating the energy contribution of small hydropower in the European Mediterranean Basin τ J.J. Melo, A. Galvão & M.J.F. Sousa 

 8 

The effectiveness of SHP as a meaningful contributor to meeting energy demand in Europe, and as a tool 

for climate change mitigation has not yet been analysed, particularly in the Mediterranean basin, one of 

ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǾǳƭƴŜǊŀōƭŜ ǊŜƎƛƻƴǎ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘǎ (IPCC, 2014).  

The aim of our work is therefore to: (1) evaluate the potential output of existing and expected SHP plants 

in the Northern Mediterranean basin, using remote sensing and other open data; and (2) to assess the 

relevance of SHP production in meŜǘƛƴƎ ǘƘŜ ǊŜƎƛƻƴΩǎ ŜƴŜǊƎȅ ŘŜƳŀƴŘΦ 

Starting from an inventory of current and projected SHP sites by Schwarz (2020), a theoretical 

overestimated hydropower potential was computed for each site, based on climatological, hydrological 

and elevation open-source data, and common SHP project criteria. The results were validated by two 

methods: (i) comparing theoretical estimates with the power classes declared in the SHP inventory, and 

(ii) comparing both estimates and inventory data with real project data as available. Additionally, a 

literature review and discussion were performed on the economics of SHP and on the viability of SHP in a 

climate change context. 

 

 Rio Teixeira, Portugal: photo by Ricardo Oliveira 
































































