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1. Summary

In 2022, 3,281 hydropower plants (HPPs) are planned , 108 under construction and
1,726 are operational in the Balkans . Smallscalehydropower plants (SHPs)make up
by far the largest share 92% of the planned projects have an installed capacity ofess
than 10 megawatts (MW).

Since the lasupdate of this kind in 2020, another 246 HPPscame into operation leaving
hundreds of kilometres of rivers and streamsdevastated, most of them in Bosnia&
Herzegovinag Serbia and the Kosovo followed by Albania and North Macedoniehe vast
majority of them are smallscale dams (24).

There has been a significant increase in overall hydropower development, with numbers
of operating plantssignificantly increasingbetween 2015 and 202 (from 714 to 1.726).
Looking only at SHRs (<10 MW) the increase isnearly tripled (from 590 to 1.568).

On the country level, the numbers of projectplanned andcurrently under construction
are as follows

Slovenia: 370 planned,one under construction
Croatia: 149 planned,one under construction
Bosnia & Herzegovina: 374 planned, 35 under construction
Serbia: 803 planned, 20 under construction
Kosovo: 89 planned, 10 under construction
Montenegro: 93 planned, two under construction
North Macedonia: 180 planned, 12 under construction
Albania: 403 planned, 13 under construction
Greece(only northern part) : 477 planned, 11 under construction
Bulgaria: 319 planned,three under construction
Tarkiye (European partonly) 24 planned, none under construction

Another key finding of this assessmentt, 689 HPPs (50%) are planned or constructed
inside existing and planned protected areas , including 227 in national parks and 32

in Natura 2000 sites (in the Balkan EU countries Greece, Bulgaria, Croatia and Slovenia).
The slightincreaseof percentagecompared with the last update can be explained by the
expansion of designatedecological networks and proposed protected areas, inading
Emerald for the NorEU countries and by the completion of many projects in general.



2. Introduction

Between 2010 and 2012, e first inventory of existing and projectedhydropower plants
(HPPs)in the Balkan regionwas carried outx E O E E BavetieBlueBAA OO 1 &
campaign(Schwarz 2012) The data was updateéh 2015 (Schwarz 20153, including for
protected areas (Schwarz 2015b), irR017 (Schwarz 2017) in 2018 in the frame ofthe
Eco-Masterplan for BalkanRivers (Riverwatch & EurdNatur 2018) and in 2020, giving for
the first time an overview of the development since 2012 (Schwarz 2020).

Theinitial inventory included only larger plants with an installed capacity ofabove 1 MW
However, the analysis of plannedprojects in protected areas indicatel a particularly

alarming amountof smallhydropower plants (SHPs; Schwarz 201%). Therefore,the SHP
category (0.1-<1 MW) was included in the 2015 update. Since the2020 update, the
category of largesize HPPs (>50MW) was further divided into the categolies 50-

<100 MW and >100 MW respectively

The continuous update of thedatabase allows a comparison of HPPdevelopment from
2012 to 2022.

3. Data preparation

The study area comprises theEUcountries Slovenia (Sl), Croatia (HRBulgaria (BG) and
the northern Balkan area of Greece (GR), as well as the rRBb countries Bosnia &
Herzegovina (BA), Serbia (RS), Montenegro (ME), Kosovo (KMiprth Macedmia (MK),
Albania (AL), and the European part of Urkiye (TR).

The update was carried out according to thdollowing approach:

1. High resolution satellite data allowed for a systematic scan of alHPPsin the

%OOI E

existing databaseto see ifany statushad toA A A EAT CAA £A&OI | Obl AT 1
AT T OOOOAOETTO6 1T O AOT | opérdingd dver thd pastdvwO OA OE T

years, the seamless and quick streaming ohigh-resolution data provided by
Google Earth has facilitateda reliable comparisa of changes in HPP statusithin
the time span of 20182022. In addition, Sentinel Il scenesvere checkedregularly
to detectrecent construction works for medium and largescale projects(for SHPs
the optical resolution is insufficient).

2. Deep data mining in form of examining lists, newspapers, planning studies,
projects by investment groups or other inventories was necessary to getan
overview of currently planned HPR or those under construction. The category
OB 1 Alcbrforsés projects in every step of the planning stagé&om feasibility
and hydroelectric potential studies to approved(licensed) ones.Further, existing
national NGOGHPP inventories such as for &snia & Herzegovinal, Bulgaria?,

1 http://voda.ekoakcija.org/bs/map/sve_mhe
2 https://dams.reki.bg/Dams/About
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Albania 3 and Greecewere explored, providing often much more detailed
information on individual HPPs.

3. Based on thesix inventories 2012, 2015 2017, 2018 2020 and 2022 a
comparison of datawas prepared

4. In addition to the update of HPPstatus, the data orprotected areas(PA) in non-
EU countrieswas updated and improved. However, many protected areasn non-
EU countries are still provisional and in planning stage.Protected areas are
divided in the following categories 1. National parks, 2. Ramsar sites, Biosphere
reserves and WorldHeritage sites, 3. Natura2000areas, 4. Nature reserves, 5.
Emerald areas andorotected areasproposed forthe Natura2000 network, and 6.
Landscape protectionareas.

5. Finally,the datawasprovided in GIS formats and mapgas included in this repori
and the interactive online map onwww.balkanrivers.net was updated with the
new data.

Some technical issues explainingslight differences between the single datasets from
2012-2022 must be pointed out In regards totransboundary issues €.g.planned HPR
on Drina and Kupa) a pragmaticapproach has beerapplied by attributing projects only
to one country, evenwhen they are developedbilaterally. Furthermore, by applying the
most recentprecise border polygons, some borders have shifted slightly in the database
and thus HPPs located close to borders haween attributed to theneighbouring country.
Another aspectof theregular updatesis a slight shift forindividual HPFsin their size class
(e.g. a HPP waplannedin size class <1MW but was built >1 MW or vice versg. It must
also be emphasizedthat the completeness osmall plant data (SHFs 0.1-<1 MW) is not
guaranteed due tothe absence ofsystematic national inventories as well asmissing
information on operation, e.g. of old mills/turbines. Finally changes innames and the
position (e.g. of dam/water abstractionpoints/ powerhouse) as well asthe merging of
turbines can lead tonumbers differing slightly from official lists.

Dataof protected areas(PAs) in the non-EU countrieshas been updatedor Serbia, Bosnia

& Herzegovina, Albania and the Kosovo The most recent available datasets of
Natura2000, World Database on Protected AreasVWWDPA 4 and Ramsar as well as
Emerald have been appliedor all countries. Natura2000 is an EU protection category and

thus, proposed Natura2000 networks in non-EU countries are only preliminary
designations 7 OAAT AEAAOA . AOBOA c¢nnmn 1Thd <fdcthdE O6 h
protection is weak, similar to most of the Emerald areas in those countrieszurthermore,

in many cases, the definition ofinal boundaries has often not been decided

Problematic is the ovelay of several categories (polygons) forprotected areasand
different types of zoning (not only for national parks), in combination with the HPP
inventory. Many protected areasoverlap, resulting inthe same HPPs being attributed to
two or more protection categories. For overall results, duplicates were eliminated, so that
projects, whichfall in two or more categories are only counted in the highest categorg(
g.1. National park).Of coursethe data provides alsdotal numbers for a specificcategory.

3 https://www.ecoalbania.org/wpcontent/uploads/2017/05/HPPs_al_finaleport_mekapak.pdf
4 https://www.protectedplanet.net/en/thematireas/wdpa
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4. Results

4.1 Overall distribution of HPP s, overlay with protected areas and
comparison in the time span of 2012 - 2022

In the entire project region, the total number of recorded and projected HPPs increased
to 5,115, whereas1,726 HPPs are operational In the categories >1 MW a&onsiderable
increaseof existing damscan be recordedsince 2012,due to the completion of473 plants.

The numberof planned projects 3,281 in total) stagnates or slightly decreaseswhile no
further large projects have been addedProgress in planning and constructiorcannot be
assumedfor all projects recordedpreviously, but there is no evidencehat theseprojects

have been abandoned even though some of thethem are politically no longer in

discussion.In regards to very small HPR, it is often very difficult to verify their status
(even with satellite images) and most probably some more plantsave already moved
from the planning to the implementation phase

Most projected HPPs fall in the categorie 0.1-<1 and 1-<10 (a total of 3014 projects or
92%). Theseplants, though small or medium, cause significant damage since theytend
to almost every river in the region and are unfortunately often projected on riversvith
high ecological valueor even within protected areas(see fig. 1)
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Figure 1: Total distribution of hydropower plants and size classegor the entire project area
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Figure 2: Country distribution of hydropower plants for the entire project areaby status.

Figure 2 compares hydropower development between countriesBosnia& Herzegovina,
Serbia andKosovo, but also Albania and North Macedoniare current hotspots of HPP
construction. Sovenia being anAlpine country hasthe largest number of operating
plants, but the increase of additional projects plannedis most markedin the central
Balkan region from Bosnia & Hercegovina to northwestern Greece.
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Figure 3: Overview ofhydropower plants in protected areas.

The numbers of hydropower plants in protected areas remain high. Despite the
provisional designation of protected areaspreviously planned HPPsare now falling
within protected area boundaries, as for example in Bosnia & Herzegovina, Serbia,

7

700



Albania or the Kosova The high number of projectsunder implementation in
Emerald/proposed Natura2000 areas reflects this. Although the allocation and
protection status and regimeare very heterogeneous,nearly 50% of all hydropower
plants fall in existing or planned protected areas
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Figure 4: Overall comparisonbetween years 012-2022).

Figure 4 shows overall hydropower developmentsince 2015 In 2012 no dataon small
hydropower was included. There has been a significantincrease in hydropower
development, with numbers of operating pants between 2015 and 202. The decrease
of HPPs indicated abeingO O1 AAO E i Dl dardndt beQuAddrEbiod aga reverse
trend for the booming development Especially in the case of SHPs it is difficult to
recognize construction sites on satellite imageryand moreoverthis class is of high
fluctuation.
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Figure 5: Overall comparison forSHPH0.1- <10 MW) between years @012-2022).



Figure 5 focuses onHPPsbetween 0.1 and 10 MW. These dants have been increasing
even more, from 590 in 2015 to 1568 in 2022, and the number continues to riseThe
development of small and mediumsized HPR leads to hundreds of klometres of
abstracted rivers, and the water is conveyed through pipes partially across catchment
boundaries. Nearly all rivers are affected and each year né8HPsof 1MW or just below
appear, often summing up to class-1L0 MW overentire valleys or smaller catchments
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Figure 6: Overall comparison forHPPs >10 MW for 2012, 2015, 2017, 20182020 and 2022

Figure 6summarizes the development of larger dams for the full range of time steps. The

number of operating plantsincreasesby 35% in the past ten yearsfrom 118 in 2012 to

158 in 2022, including many medium andlarge river stretchesin the project area.Plants

on larger, water-rich rivers are still primarily planned in narrow valleys in the upper

catchment, but there are also sites in the lower river courses suchas thoseforeseen on

Bosna, Drina or- T O ABwvA huge dams realized in the past years are those on Sava

(" OAL E A And promevoll Moglice HPRI8 . Ax OT1 A6 DOT EAAOO Ab
Greenfield lists ofthe EU, such as thoseon - T O AaédALim for Montenegro and the

tendering was relaunchedrecently .
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4.2 Distribution of HPP sin Slovenia

Since the completion of the largé O A LHPHPoA Savano other large-scaleprojects such
as the completion of the HPP chain obpper Savaentered the implementation phase.
Sloveniabeing anAlpine country has the biggest number of existing plantshe majority
of which are SHPs.
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Figure 8: Distribution of HPPsin Slovenia

Figure 9: SHPVaska Vais the renovation and extension of an old mill on Krkaiver (GE
2022).
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Figure 10: Distribution map of HPRin Slovenia.
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4 .3 Distribution of HPPs in Croatia

Similar to Sloveniag the development of larger HP®on Sava, Kupa an#étarst areashas
stalled. But also for SHB the development remains slow.
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Figure 11: Distribution of HPPsin Croatia.

Figure 12: Only some minor new constructions can be registeredvithin the last two years as the
equipment of anexisting ramp on Kupa near Brod na KupgiGE 202).
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Figure 13: Distribution map of HPRin Croatia.
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4.4 Distribution of HPPs in Bosnia & Herzegovina

Bosnia & Herzegovinaemains one of the hot spotdor hydropower developmentin the
Balkans Especiallythe construction of smaller HPRB (0,1-<10 MW) has beenbooming in
recent years however the implementation speed slightly decreask While projects in the
pristine headwaters of Neretva seem to have been stopped for nowhe Ulog dam
construction site proceeds (comparefigure 16).
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Figure 14: Distribution of HPPs in Bosnia & Herzegovina

One of the biggest hydropower projectsicrossthe Balkars, apart from a few major dams
and pumped storage plarts on Drina, is the Upper Horizor HPPsystem, which connects

karst poljes of different altitude by collecting andtunnelling the flood water for energy
production. Construction works for this old-fashioned and environmentally dangerous
project (due to karst aquifer interruption in the underground and flood dynamic

alteration in the karst poljes by abstractiontunnelling and storage of river flow) started

already around 2012 and seem ttaverelaunchedrecently (compare figure17).

5 https://ejatlas.org/conflict/dabarhydro-powerplantbosniaand-herzegovina
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Figure 15: Spreéa SHP, illustrating the typicalconstruction site for a run-of-the-river plant including the
regulation and reinforcement of the impoundment stretch upstream and the erosive downstream reach
(GE 2022).

Figure 16 : Ulog dam construction site orlJpper Neretva(' 61 AAEN.EO 4 AAEcg
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4 5 Distribution of HPPs in S erbia

Similar to Bosnia &Herzegoving Serbia is subjecto extensive SHPdevelopment, mainly
in the mountainoussouthern districts. The number of SHBnearly doubled over the past
two years. The development of largescale projects, e.g. on Drina or Morava with its major
tributaries is very slow.
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Figure 19: Distribution of HPPsin Serbia (the chart is rather distorted due to theextraordinarily high
number of planned SHPs).

Figure 20: Korbevagka valley: Here, as so often, river by river will be turnednto nearly dry residual
stretches, beginning at the lower course and taking water frorthe middle and upper reacheqGE 2022).
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4 .6 Distribution of HPPs in Kosovo

The development increases butemains unclear for several sites. Aside of the excessive
and uncoordinated sediment extraction from the river channelsseveral river regulation
works (ramps and groynes) hae been established in recent years. On the othdrand,
some already constructed IPPs had to be temporaily shut down due to licensing issues.
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Figure 22: Distribution of HPPsin Kosovo.

Figure 23: Aside of several SH®under construction also several construction worls can be observed along bigger
OEOAOOh AO OOAE i1 OEA 7EEOA $OETh TAAO /UAOEIi8 )OO EO 1160
used to produce energy, but in anyvay, they are obstacles for migratory specie§GE 202).
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Figure 24: The further construction of the Lepenci cascade impact the entire reach withthe Sar planina Nature park
(GE 2022).
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Figure 25: Distribution map of HPRin Kosova
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