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Executive summary

At a time whae climate change effects are already noticeable, many governments are looking fitoselu
such as small hydropower (SH&¥lecarbonize their economieSHRusually defined by installed capacity
of up to 10 MW is often believed to be @&lean source of electricity supply without the negative
environmental impacts associated with largentia In this contextEuropean policyhas allowed the
expansion of hydroelectricity and the promotion of SHPpa#g of its strategy tomeet the defined
renewable energy and greenhouse gas reduction tardétsvever, SHP is not free frdmarmfulimpacts
andcanhavesignificantnegative environmental effectat timescomparable to those of larggams

The goal of this study is to evaluate the potential output of small hydropowvethe European
Mediterraneanregionandto assess itémportanceas an energgupplier The studyis basedon a pre
existinginventory of current and projected SHP sites. For each site, theoretical hydropower potential was
computed, based on climatological, hydrological and elevation ememce data, anén common SHP
plantdesigncriteria.

Results ér 14 countriesunder two different modeling scenariosc (1) & t NB adpefaiiny BHRites
(4177 sites; and (2) & 2 K I (: opkratiKgéunder construction and projecte8HPsites (9925 sites)
were first compared to national gross electricity consumptionand primary energy consumption
Estimatedpotential wasthen compared with real SHP plant data antlkaly overestimation factor was
extrapolated existing projectshave a productivity on averagearound 3.5 timessmaller than the
theoretical (overestimated)potential. A literature reviewand discussionvere also performedon the
economics of SH&nd onthe viability of SHP in a climate change context.

The graphicsbelow show the identified SHPpotential and likely contributions to gross electricity
consumptionand primary energy consumption.
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Key conclusions

1 The potential (verestimated contribution to the energy mixof existing SHPsites in the
European Mediterranean basiis low¢ on averagearound 2.6%f gross electricity@ansumption
and 0.47%of primary energy consumptiori.he real contribution idikely some3.5 times lower
¢ falling to around 0.74%of gross electricity consumptiond 012% of primary energy
consumption

9 Building 5 748 new plants anchore than doubling tle existingnumber of SHP plantsloesnot
greatly increasethe energy contribution ofSHP Potential (overestimated contribution rises
from 2.6% to 4.4% ajross electricity consumptioand from 0.47% t00.7%%0of primary energy
consumption

1 SHP productioris highly dependent on meteorological conditionsaryingby more than 50%
from the best to the worse yearBesults arequite variableby country andsear. years of drought
in some regionshowhigh productivity in otheregions SHP ptential is higheand more stable
in mountain regions (due to the combined effect of elevation andgraphyinducedrainfall).
However,the countries with higher number of SHP installations (ltaly, France, Spain, Greece)
are not those with the higher productivity by planter the most resilient to dry years

1 Mediterranean SHP productionwill be greatly affectedby climate change Iy | G2NI R H
warmer, stream flow in the Mediterranean regias expected tdall significantly(by 10%30%).
Reduction in idropower productvity will be evenworsewith water scarcity promphg higher
competition for this resourcand rin pattern modificatiors further decreafg productivity.

1 Investing in(i) energy efficiency andii) emerging technologiessuch as photovoltaicis more
cost efective than SHP to achieve steady and secure electric systéims cost of electricity from
{1t YSIFI&adaNBR Fa (KS tS@StAIT SR /2ai 2F 9ySNH®
expensive, when compared to the wholesale market price of electricity production in Europe
0Fo2dzi nn (2 cn €@ SFFAORS y@2a Wy 058 1 BYNIa 06 G«
YR GKS O2aid 2F SYSNHAy3a (SOKy2ft23ASa &adzOK | &
trend). Whilesome lowinvestment, lowimpact SHP projects such as refitting exist@dPsites
or setting upSHP in waterworkse(g. irrigation, water supply and wastewater systentgn be
economicallyinterestingand environmentallynore acceptablein most casesSHP isieither a
costeffective way to ensure a reliable electric systenmor to perform the neededenergy
transition or to reduce carbon emissions.
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Introduction

Bemposta dam, river DourdPortugal; photo by Jaio Joanaz de Me

Totackle climate change, the European Union has taken ambitious climate action measures, committing
to achieve carbon neutrality by 2050. This will require a concerted effort acresalbmic sectorsand
particularly in the energy sector. Europe has a long history of hydropower, and in cmuméies, it
represents an important contributor tthe renewable energy share. Much of the available potential for
large hydropower projects haseen exploited, with few spots available fadditional projects to be
implemented (Venus et al., 2020furthermore, the negative social and environmental impadislarge
damsare well-known (WCD, 2000)

Small hydropower, on the other hand, adten believed to be aclean 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 rolen meeting 9 dzZNB LISQa NBySgl ofS SySNHe&e FyR 3INBS
However, SHP does not come without negative impacts: river barriers are responsible for biodiversity loss,

river fragmentation water quality degradationsedinent retention and erosion phenomena (WWF,

2018). Also, when assessing the environmental impacts of hydropower per Niwstalfedpower, SHP
canhavenegativeenvironmental effecteomparable tahose oflarge dams (Abbasi and Abbasi, 2011).
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The effectiveress ofSHPas ameaningful contribubr to meetingenergy demandn Europgeandas a tool

for climate change mitigatiohas not yet beeranalysed particularly in the Mediterranean basione of

GKS ¢2NI RQA Yzail OdzZ ySNIoft(@PCoyBgA2ya (2 OfAYIGS OK
The aim of our work is therefore to: (1) evaluate fiwential output ofexisting and expecte8HPplants

in the Northern Mediterranean basin, using remote sensing and other open data(2and assess the
relevance of SHP productionin®é A y3 (KS NBIA2yQa SySNHE& RSYlIYRO®

Starting from an inventory of current and projected SHP sligsSchwarz (2020)a theoretical
overestimated hydropowepotential was computed for each site, based on climatological, hydrological
and elevation opersourcedata, and common SHP project criteriehe results were validateloly two
methods: (i)comparing theoretical estimates witihe power classedeclaredin the SHP inventoryand

(i) comparingboth estimatesand inventory datawith real project dataas avaibble. Additionally, a
literature review and discussion were performed on the economics of SHP and on the viability of SHP in a
climate change context.
































































































