7R\
‘quNID% UNITED NATIONS

w INDUSTRIAL DEVELOPMENT ORGANIZATION
N

World Small Hydropower Development Report 2022

Southern Europe



Disclaimer
Copyright © 2022 by the United Nations Industrial Development Organization and the International Center on Small Hydro Power.

The World Small Hydropower Development Report 2022 is jointly produced by the United Nations Industrial Development Orga-
nization (UNIDO) and the International Center on Small Hydro Power (ICSHP) to provide development information about small
hydropower.

The opinions, statistical data and estimates contained in signed articles are the responsibility of the authors and should not nec-
essarily be considered as reflecting the views or bearing the endorsement of UNIDO or ICSHP. Although great care has been taken
to maintain the accuracy of information included in the document, neither UNIDO and its Member States, nor ICSHP assume any
responsibility for consequences that may arise from the use of the material.

This document has been produced without formal United Nations editing. The designations employed and the presentation of the
material in this document do not imply the expression of any opinion whatsoever on the part of the UNIDO Secretariat concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or bound-
aries, or its economic system or degree of development. Designations such as ‘developed’, ‘industrialized’ and ‘developing’ are
intended for statistical convenience and do not necessarily express a judgment about the stage reached by a particular country or
area in the development process. Mention of firm names or commercial products does not constitute an endorsement by UNIDO.

This document may be freely quoted or reprinted but acknowledgement is requested.
Suggested citation:

UNIDO, ICSHP (2022). World Small Hydropower Development Report 2022. United Nations Industrial Development Organization,
Vienna, Austria; International Center on Small Hydro Power, Hangzhou, China. Available at www.unido.org/WSHPDR2022.

ISSN: 2406-4580 (print)
ISSN: 2706-7599 (online)

The digital copy is available at www.unido.org/WSHPDR2022.

Design: red not ‘n’ cool
Cover Picture: depostihphotos



Table of Content

Southern Europe
Albania

Bosnia and Herzegovina
Croatia

Greece

Italy

Montenegro
North Macedonia
Portugal

Serbia

Slovenia

Spain

11
16
22
29
35
43
49
55
59
64
69

3d0d¥N3 NJIIHLNOS -



WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

Acknowledgements

The World Small Hydropower Development Report 2022. was prepared under the overall guidance of Tareq Emtairah, Director
of the Division of Decarbonization and Sustainable Energy, Petra Schwager-Kederst, Chief of the Division of Climate and Tech-
nology Partnerships at the United Nations Industrial Development Organization (UNIDO) and LIU Deyou, Director General of
the International Center on Small Hydropower (ICSHP).

The preparation of this thematic publication was headed by LIU Heng, Senior Technical Advisor at UNIDO and consulted by HU
Xiaobo, Chief of the Division of the Multilateral Development at ICSHP. The work was coordinated by Oxana Lopatina at ICSHP
and Eva Kremere at UNIDO. The publication is the result of three years of intense research work and was backed by a talented
and indispensable team of researchers at ICSHP and a vast number of experts in the field of small hydropower

WSHPDR2022 team
Head LIU Heng — Senior Technical Advisor, United Nations Industrial Development Organization (UNIDO)
Coordinators Oxana Lopatina — International Center on Small Hydro Power (ICSHP)
Eva Krémere — United Nations Industrial Development Organization (UNIDO)
Team UNIDO: Eva Krémere, Sanja Komadina. Interns: LIU Fangjie, REN Wenxuan
ICSHP: HU Xiaobo, Oxana Lopatina, Danila Podobed, Alicia Chen Luo, Veronika Spurna, Tamsyn Lonsdale-Smith,
Bilal Amjad, Oluwatimilehin Paul Olawale-Johnson, Davy Rutajoga, Laura Stamm, YUAN Ruize, BAO Lina, ZHANG
Yingnan, DING Yan

Editorial Board

Jesse Benjaman (PCREEE), Alfonso Blanco-Bonilla (OLADE), Cristina Diez Santos (Open Hydro), Tareq Emtairah (UNIDO), Geraldo
Licio Tiago Filho (CERPCH), Guei Guillaume Fulbert Kouhie (ECREEE), Dirk Hendricks (EREF), Wim Jonker Klunne (Hydro4Africa),
Arun Kumar (IIT Roorkee), LIU Deyou (ICSHP), LIU Heng (UNIDO), LIU Hongpeng (UNESCAP), Eddy Moors (IHE Delft Institute for
Water Education), Niels Nielsen (Kator Research Services), Mohamedain Seif Elnasr (COMESA), Maria Ubierna (Open Hydro),
XING Yuanyue (Ministry of Water Resources of China)

Peer Reviewers

Joan Cecilia C. Casila, Choten Duba, Mohammad Hajilari, Michela 1zzo, Annabel Johnstone, Dimitar Kisliakov, Wim Jonker Klunne,
Arun Kumar, Sarah Kwach, Kristian Dahl Larsen, Charlene Monaco, Niels Nielsen, Victor Odundo Owuor, Emanuele Quaranta,
Nicolae Soloviov, Fujimoto Tokihiko, Leandro Zelaya

Contributing Experts

Arturo Alarcon, Sameer Algburi, Alsamaoal Almoustafa, Gabrial Anandarajah, Vicky Ariyanti, Fredrick Arnesen, Engku Ahmad
Azrulhisham, Ayurzana Badarch, BAO Lina, Mathieu Barnoud, Alexis Balles, Sow Aissatou Billy, Alaeddin Bobat, Frank Charles
Ramirez Bogovich, Ejaz Hussain Butt, Abou Kawass Camara, Jose Campos, Joan Cecilia C. Casila, Piseth Chea, Julian Chin, Salim
Chitou, Gift Chiwayula, Brenda Musonda Chizinga, Nouri Chtourou, Romao Grisi Cleber, Ryan Cobb, Poullette Faraon Chaul
Corona, John Cotton, Slobodan Cvetkovic, Manana Dadiani, Asger Dall, Bassam Al Darwich, Denise Delvalle, Tobias Dertmann,
Gabriel Chol Dhieu, Jonas Dobias, Aurélie Dousset, Choten Duba, José Rogelio Fabrega Duque, Nadia Eshra, Cayetano Espejo
Marin, Paola Estenssoro, Soukaina Fersi, Geraldo Licio Tiago Filho, Danilo Fras, Fujimoto Tokihiko, Patrick Furrer, Camila
Galhardo, Ramon Garcia Marin, Adnan Ghafoor, Gaélle Gilboire, Zelalem Girma, Mohammad Hajilari, Geon Hanson, Richard
Hendriks, Mabikana Voula Boniface Hervé, Yan Huang, Chinedum Ibegbulam, Michela Izzo, Jamal Jaber, Gordana Janevska,
Sergio Armando Trelles Jasso, Rim Jemli, Marco Antonio Jimenez, Annabel Johnstone, Julien Jomaux, Wim Jonker Klunne, Abdoul
Karim Kagone, John K. Kaldellis, Bryan Karney, Raul Pablo Karpowicz, Egidijus Kasiulis, Shorai Kavu, Eleonora Kazakova, Joseph
Kenfack, Dong Hyun Kim, George Kimbowa, Dimitar Kisliakov, Maris Klavins, loannis Kougias, Rastislav Kragic, Arun Kumar,
Sarah Kwach, Kristian Dahl Larsen, Seung Oh Lee, Jean-Marc Levy, Bryan Leyland, Laura Lizano, Galina Livingstone, Kimberly
Lyon, Sarmad Nozad Mahmood, Ewa Malicka, Pedro Manso, Andrés Teodoro Wehrle Martinez, Anik Masfiqur, Mareledi Gina
Maswabi, Hamid Mehinovic, Juan José Garcia Méndez, Luiza Fortes Miranda, Guram Mirinashvili, Julio Montenegro, Bastian
Morvan, Reynolds Mukuka, Béla Munkacsy, Patricio Mufioz, Wakati Ramadhani Mwaruka, Thet Myo, N'guessan Pacome N'Cho,
Sea Naichy, Niels Nielsen, Gilbert Nzobadila, Emna Omri, Karim Osseiran, Sok Oudam, Victor Odundo Owuor, Grant Pace, Aung
Thet Paing, Hok Panha, Sotir Panovski, Ahmet Penjiev, Georgy Petrov, Alexandra Planas, Bogdan Popa, Cecilia Correa Poseiro,
Sunil Poudel, Ravita D. Prasad, Kenneth Bengtson Tellesen Primdal, Leonardo Pefia Pupo, Thoeung Puthearum, Emanuele
Quaranta, Samira Rasolkhani, Atul Raturi, Thomas Buchsbaum Regner, Antonio Carmona Rodrigues, Jorge Saavedra, Najib
Rahman Sabory, Victor Sagastume, Esmina Sahic, Alberto Sanchez, Karine Sargsyan, Vahan Sargsyan, Goran Sekuli¢, Ozturk
Selvitop, Shamsuddin Shahid, Stafford W. Sheehan, Manish Shrestha, Sangam Shrestha, Mundia Simainga, Gjergji Simaku,
Martin Sinjala, Seming Skau, Nicolae Soloviov, Amine Boudghene Stambouli, Dmytro Stefanyshyn, Pavel Stipsky, Jean Sumaili,
Dinesh Surroop, Areli Sutherland, Alberto Tena, Pierre Kenol Thys, Anastasiya Timashenok, Panagiotis Triantafyllou, Alexander
Urbanovich, Joelinet Vanomaro, Goran Vasilic, Ciza Willy, Ernesto Yoel Farinas Wong, Gendensuren Yondongombo, Saida
Yusupova



SLOVENIA
CROATIA

BOSNIA AND
HERZEGOVINA

ITALY MONTENEGRO

NORTH MACEDONIA
ALBANIA

SERBIA

PORTUGAL SPAIN
GREECE

Southern Europe

Countries: Albania, Bosnia and Herzegovina, Croatia, Greece, Italy, Montenegro,
North Macedonia, Portugal, Serbia, Slovenia, Spain

INTRODUCTION TO THE REGION

The electricity sectors of countries in Southern Europe are highly integrated due to the participation of all countries in the
region in the Energy Community. The Energy Community seeks to harmonize the legal and regulatory frameworks governing
the electricity sectors of member nations of the European Union (EU) and non-member nations, including Albania, Bosnia
and Herzegovina, North Macedonia, Montenegro and Serbia, participating under the status of Contracting Parties. Addi-
tionally, all countries in Southern Europe are connected to the European Network of Transmission System Operators for
Electricity (ENTSO-E), which ensures synchronous operation of their national electricity grids. Electricity access in the region
is universal.

At the same time, countries in Southern Europe have adopted different strategies in developing their electricity sectors,
particularly with regard to reliance on renewable energy sources (RES). Italy and Spain have the largest and most diversi-
fied electricity sectors in Southern Europe, with Italy leading the region in solar power capacity. Spain leads the region in
wind power, which forms the mainstay of its electricity production and in 2022 outpaced both conventional thermal power
and nuclear power in the share of the country’s installed capacity and annual generation. Non-hydropower RES including
wind power and solar power collectively form the second-largest source of electricity generation in Greece, after gas-fired
thermal power plants, as the country has been in the process of phasing out coal power plants. Conversely, coal is the main
source of electricity generation in Serbia, and thermal power from various sources also dominates the electricity sectors of
Bosnia, North Macedonia and Italy. In Slovenia, nuclear power accounted for the single-largest share of annual electricity
generation in 2020.

Hydropower plays an important role in the electricity sectors of all countries in Southern Europe, but its share of annual
generation and installed capacity varies considerably by country. Hydropower is the leading source of electricity generation
in Albania, where it accounts for nearly 100 per cent of all generation and installed capacity, as well as in Portugal, Monte-
negro and Croatia. Italy leads the region in both installed hydropower capacity and generation, but the role of hydropower
in the country’s energy mix is secondary to thermal power. In other countries of Southern Europe, hydropower plays a sup-
plementary role.
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An overview of the electricity sectors of the countries in the region is provided in Table 1.

Table 1. Overview of Southern Europe

Total popula- Electricity Electricity . Electricity = Hydropower in- Hydropower
Country tion (million  access, total access, rural Total lpstalled generation  stalled capacity generation
people) (%) (%) capacity (MW) (GWh/year) (Mw) (GWh/year)
Albania 3 100 100 2,275 5,208 2,162 5,186
Bosnia & Herzegovina 3 100 100 4,531 15,391 2,249 4,618
Croatia 4 100 100 5,211 12,005 2,127 5,871
Greece m 100 100 20,400 37,989 3170* 2,958*
Italy 60 100 100 116,383 271,648 22,695 48,952
Montenegro 1 100 100 1,029 3,744 684 1,697
North Macedonia 3 100 100 2,088 5,658 698 1,183
Portugal 10 100 100 22,421 49,324 7129 13,811
Serbia 7 100 100 8,285 35,540 3,050 9,701
Slovenia 2 100 100 3,924 15,748 1,347 5,106
Spain 47 100 100 114,196 259,905 20,425 32,244
Total - - - 300,742 - 65,736 -

Source: WSHPDR 2022

Note: *Includes only large hydropower. Data in the table are based on data contained in individual country chapters of the WSHPDR 2022; years may

vary.

REGIONAL SMALL HYDROPOWER OVERVIEW

Most countries in Southern Europe adhere to the definition of small hydropower (SHP) established by the EU, which includes
hydropower plants with an installed capacity of up to 10 MW. However, Greece and Albania define SHP as plants of up to 15
MW. Slovenia uses the up to 10 MW definition for water management purposes, and the up to 1 MW definition for the purpose
of regulating and incentivizing RES, with plants of up to 1 MW receiving significantly higher operating support tariffs than

plants of up to 10 MW.

A comparison of installed and potential SHP capacities in the region is provided in Table 2.

Table 2. Small Hydropower Capacities by Country in Southern Europe (MW)

Installed capacity

Potential capacity

Installed capacity  Potential capacity

Country Local SHP definition (local def) (local def.) (s10 MW) (s10 MW)
Albania Up to 15 MW 482.0 N/A 432.0 1,963.0
Bosnia & Herzegovina Up to 10 MW 172.2 1,005.0 172.2 1,005.0
Croatia Up to 10 MW 45.7 100.0 45.7 100.0
Greece Up to 15 MW 247.2 2,000.0 N/A N/A
Italy Up to 10 MW 3,648.4 7,073.0 3,648.4 7,073.0
Montenegro Up to 10 MW 34.7 97.5 34.7 97.5
North Macedonia Up to 10 MW 1114 258.0 1114 258.0
Portugal Up to 10 MW 415.0 750.0 415.0 750.0
Serbia Up to 30 MW N/A N/A 109.0 109.0
Slovenia Up to 1MW N/A N/A 164.0 180.0
Spain Up to 10 MW 2,145.0 2,158.0 2,145.0 2,158.0
Total - - - 7,277.4 13,693.5




Source: WSHPDR 2022

Note: *Based on installed capacity.

The total installed capacity of SHP of up to 10 MW in Southern Europe is 7,277.4 MW, while potential capacity is estimated
at 13,693.5 MW. Relative to the World Small Hydropower Development Report (WSHPDR) 2019, the installed capacity has
increased by nearly 6 per cent as a consequence of ongoing SHP development, while the estimate of SHP potential has de-
creased by 7 per cent, mainly due to a lack of recent and reliable data on the SHP potential of Greece and Serbia.

Active development of SHP is ongoing across most countries in Southern Europe, with Italy adding several hundred mega-
watts of new SHP capacity in recent years and Albania and Bosnia and Herzegovina nearly doubling their respective SHP
capacity totals. At the same time, public opposition to the development of SHP and hydropower in general is increasing in
the region, fuelled by concerns over environmental impact and water scarcity. Additionally, the identified SHP potential of
some countries in the region, in particular Spain and Slovenia, is approaching saturation.

The national share of regional installed SHP capacity by country is displayed in Figure 1, while the share of total national SHP
potential utilized by countries in the region is displayed in Figure 2.

Figure 1. Share of Regional Installed Capacity of Small Hydropower up to 10 MW by Country in Southern Europe (%)

North Macedonia 1% - 1 Serbia 1%

Slovenia 2% Croatia 1%
Bosnia & Herzegovina 2% Montenegro 0,5%
Greece 3%
Portugal 6%

Albania 6%
Italy 49%

Spain 29%

Source: WSHPDR 2022

Figure 2. Utilized Small Hydropower Potential by Country in Southern Europe (%)
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Source: WSHPDR 2022'
Note: For SHP of up to 10 MW except in the case of Greece, where the local definition is used due to a lack of data on potential capacity for SHP of up
to 10 MW.

Albania has an installed capacity of 432 MW for SHP of up to 10 MW, while potential capacity is estimated at 1,965 MW, indi-
cating that 22 per cent has been developed. The installed capacity for SHP of up to 15 MW is 482 MW, provided by 122 plants.
The country has nearly doubled its installed capacity for SHP of up to 10 MW between 2017 and 2019, owing in part to strong
support for the sector in the form of feed-in tariffs (FITs) and guaranteed off-take of electricity.

In Bosnia and Herzegovina, the installed capacity of SHP of up to 10 MW is 172.2 MW, while potential capacity is estimated at
1,005 MW, indicating that 17 per cent has been developed. The country is actively pursuing SHP development, nearly doubling
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its installed capacity in recent years. As of 2021, there were 115 SHP plants in operation and an additional 341 SHP projects
in various stages of completion. However, generation of electricity from SHP decreased dramatically between 2019 and 2020
due to changing hydrological conditions.

The installed capacity of SHP of up to 10 MW in Croatia is 45.7 MW provided by 39 plants, while the feasible potential capacity
is estimated at 100 MW, indicating that nearly 46 per cent has been developed. There were at least 29 additional SHP proj-
ects in the country as of 2019 in various stages of approval.

Greece has an installed capacity of 247.2 MW for SHP of up to 15 MW, while potential capacity is estimated at 2,000 MW, indi-
cating that approximately 12 per cent has been developed. There are approximately 120 SHP plants operating in the country.
Despite rising SHP capacity, generation from SHP has been steadily decreasing over the last several years due to prevailing
dry climatic conditions. The country plans to increase its total SHP capacity to 350 MW by 2030, and 70 MW of new SHP proj-
ects were awaiting implementation as of 2020.

The installed capacity of SHP of up to 10 MW in Italy is 3,648.4 MW, provided by 3,271 plants of up to 1 MW and an additional
922 plants with installed capacities of 1-10 MW. Potential capacity is estimated at 7,073 MW, indicating that approximately
52 per cent has been developed. The SHP sector in the country has been growing at a rapid pace in recent years. New SHP
projects have increasingly focused on utilizing existing water supply networks such as aqueducts, with 24 such projects
authorized for construction in 2020 alone. Growth in the SHP sector of Italy is driven by comprehensive support schemes
including FITs, auctions and other incentives.

Montenegro has an installed capacity of 34.7 MW for SHP of up to 10 MW, while potential capacity is estimated at 97.5 MW,
indicating that approximately 36 per cent has been developed. Although SHP development in the country had stagnated for
several decades, the sector has revitalized starting in 2013, and 16 new SHP plants were commissioned by 2019. Fifty-five new
SHP projects are in various stages of development.

The installed capacity of SHP of up to 10 MW in North Macedonia is 111.4 MW, while potential capacity is estimated at 258
MW, indicating that 43 per cent has been developed. There are 101 SHP plants operating in the country. The recent pace of
construction has been high, with several new SHP plants commissioned per year between 2017 and 2020.

Portugal has an installed capacity of 415 MW for SHP of up to 10 MW, while potential capacity is estimated at 750 MW, indi-
cating that 55 per cent has been developed. Previous plans had aimed to achieve a total SHP capacity of 750 MW from 250
plants by 2020, but as of 2021 these plans had not been realized. The pace of construction of new SHP plants in the country
has slowed significantly since 2017. There are no concrete plans for any additional SHP projects, with ongoing construction
in the hydropower sector focusing on large plants.

There are 138 SHP plants of up to 10 MW operating in Serbia, with a total installed capacity of 109 MW. There are no reliable
recent estimates of the country’s potential SHP capacity, although previous estimates suggested a potential of several hun-
dred megawatts. The latest estimate of potential was carried out in the 1980s and is no longer considered representative in
light of the changing hydrological conditions in the country. Nevertheless, Serbia is actively developing its SHP sector, with
many new plants commissioned in 2020-2021, and efforts to produce an updated database of potential SHP sites are also
underway.

The installed capacity of SHP of up to 10 MW in Slovenia is 164 MW, while potential capacity is estimated at 180 MW, indi-
cating that approximate 81 per cent has been developed. A moderate expansion of the country’s SHP sector is planned,
with total installed capacity expected to reach 177 MW by 2040. However, strategic development plans have emphasized the
refurbishment and modernization of existing SHP plants rather than new construction.

Spain has 1,098 operating SHP plants of up to 10 MW, with a total installed capacity of 2,145 MW. Potential capacity for SHP
of up to 10 MW is estimated at 2,158 MW, suggesting that nearly all potential has been developed. Active development of the
SHP sector in the country has been continuous since the 1980s, but it remains unclear what additional SHP projects can be
realized in light of the increasingly limited remaining undeveloped potential.

Changes in the installed SHP capacities of countries in the region compared to the previous editions of the WSHPDR are
displayed in Figure 3.



Figure 3. Change in Installed Capacity of Small Hydropower from WSHPDR 2013 to WSHPDR 2022 by Country in Southern

Europe (MW)
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Note: For SHP of up to 10 MW except in the case of Greece, where the local definition is used for the purpose of comparison with the previous
editions of the WSHPDR.

Climate Change and Small Hydropower

The Mediterranean region is already experiencing a much drier climate, relative to historical observations. A decrease in
generation from SHP plants has been observed in Greece since 2018. Studies suggest that by 2070, hydropower generation in
Italy will decrease by 22 per cent, and a decrease of 5-43 per cent in specific river basins is expected in Spain.

BARRIERS AND ENABLERS FOR SMALL HYDROPOWER DEVELOPMENT

Albania is currently planning to diversify its energy mix away from an almost exclusive reliance on hydropower and develop
additional solar power and wind power capacities. Furthermore, there is significant social resistance to new hydropower
projects, which has already led to the cancellation of plans for hydropower development in parts of the country. Neverthe-
less, the country has considerable untapped SHP potential, which remains to be realized.

A key barrier to SHP development in Bosnia and Herzegovina is the negative perception of SHP on the part of the population
due to poor construction and oversight of plants leading to environmental damage, as well as due to a lack of consultation
with local communities on SHP projects. Recent legislation aims to significantly restrict or prohibit SHP construction in the
country. The main enabler of any future SHP development is the country’s large undeveloped SHP potential.

3d0d¥N3 NJIIHLNOS
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Barriers to SHP development in Croatia include a lack of funding due to high upfront costs, strict regulations, a complex
structure of licensing agencies and opposition from the country’s tourism sector to the use of watercourses for SHP con-
struction. At the same time, Croatia is committed to the further development of RES, and SHP potential in the country has
been carefully mapped by previous studies.

Development of SHP in Greece is hampered by the decreasing hydropower output of existing plants, lengthy licensing pro-
cedures, an absence of a national water management plan, which has led to increased competition among water users, and
the lack of interest in SHP development on the part of investors due to low profit margins. The main enabling factor for SHP
development in Greece is the country’s remaining undeveloped SHP potential.

Barriers to further SHP development in Italy include public opposition to SHP projects in some parts of the country, recent
reductions in FIT support and the lengthy periods required for authorization of SHP projects. However, Italy is a regional
leader in the SHP sector and a global centre of SHP research, and SHP developers in Italy can rely on significant local tech-
nical, scientific and manufacturing capacity, in addition to a well-developed framework of incentives. The remaining SHP
potential in the country is significant and offers many opportunities for new projects if the momentum of development is
maintained.

Although the SHP sector in Montenegro has revitalized over the last decade, public opposition to new SHP construction has
resulted in the Government cancelling some SHP contracts. Costs and complexity of ensuring grid connections and a lack
of detailed data on potential sites have posed additional obstacles to new development. Enablers for further growth in the
SHP sector of Montenegro include demand for increased security of electricity supply, a competitive electricity market and
the possible role of SHP projects as mechanisms of job creation, particularly in the less developed parts of the country,
particularly if these projects were to be carried out by local companies.

SHP development in North Macedonia faces several challenges including a lack of accurate hydrological data on potential
sites, cost and difficulty of grid connections, and lack of local manufacturing capacity driving high development costs. At the
same time, the SHP sector benefits from FITs and access to loans from local banks, availability of local technical expertise,
substantial undeveloped SHP potential and a generally favourable political and social climate for SHP development.

One of the main barriers to SHP development in Serbia is the lack of up-to-date information on potential sites or even a
reliable overall estimate of the country’s SHP potential. Additionally, lack of proper oversight of construction and operation
of SHP plants in the country has led to negative environmental impact and generated public opposition to SHP construction.
In this context, the most prospective sites for future SHP development in Serbia are likely existing non-powered dams as
well as pressure break elements on existing pressurized water systems.

In Slovenia, a lack of collaboration between various stakeholders connected to SHP development, lack of human and tech-
nical capacities, and mistrust towards SHP development from the general public due to previous violations of environmen-
tal requirements by existing plants have hampered growth of the SHP. Current environmental regulations in the country
favour the development of large hydropower. Nevertheless, SHP enjoys support in the form of FITs and other incentives,
and ample potential for new projects exists both in terms of new stream development as well as in the modernization of
existing plants.

The main barrier to SHP development in Spain is the almost-fully developed identified SHP potential. Competition with
other water users and complicated licensing procedures have also hampered development of SHP in the country, with
the additional issue of existing SHP plants running the risk of losing water use licences after a certain period and being
abandoned. There are no clear enablers to further development of SHP in Spain other than the liberalized structure of the
country’s electricity market, which favours private electricity producers.
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Albania

Julien Jomaux and Gjergji Simaku, Ministry of Infrastructure and Energy
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2,854,191 (2019)"

28,748 km??

The topography of Albania is mostly mountainous, with small plains along the coast and river val-
leys. Mount Korab, situated in the east, at the border with North Macedonia, is the highest peak at
2,751 metres above sea level.?

Albania lies in a transition zone between the Mediterranean and the moderate continental climates.
On the coastal plain, winters are cold, cloudy and wet, while summers are hot, clear and dry. In the
mountainous interior part of the country, the summers are characterized by rainfall and winters are
colder. The average annual temperature is 15 °C, while the minimum average temperature is 1.6 °C
and the maximum average temperature is 20.9 °C.2

The impact of climate change in Albania is expected to encompass an increase in temperatures and
a decrease in precipitation, particularly, during the summer. This could lead to a reduction in water
quality and quantity, negatively impacting hydropower generation.?

The average annual rainfall is 1,430 mm, with 1,000 mm on the coast and over 2,500 mm in the moun-
tains. Approximately 70 per cent of the rainfall occurs from November to March.?

Albania is considered rich in water resources and its hydropower potential plays an important role
in the development of the country. There are more than 150 smaller rivers and torrents forming eight
main big rivers. These rivers have a south-east to north-west flow, predominantly oriented towards
the Adriatic coast. The most important rivers are the Drin (340 m3/s), Vjosa (210 m3/s), Seman (101
m3/s), Mat (74 m3/s) and Shkumbin (60 m3/s). The total average flow of all the rivers in the country is
approximately 1,245 m3/s. Despite having small flows, the considerable inclination of the Albanian
rivers, due the country’s mountainous terrain, makes them important for hydropower development.*

ELECTRICITY SECTOR OVERVIEW

In 2019, the total installed capacity of Albania stood at 2,275
MW, with 2,162 MW coming from hydropower, 98 MW from ther-
mal power and 15 MW from solar power (Figure 1).5 In 2019, do-
mestic electricity generation in Albania was almost exclusively
from hydropower, with a net generation of 5,208 GWh. Of the
total, hydropower accounted for 5,186 GWh (99.6 per cent) and
solar power for 22 GWh (0.04 per cent) (Figure 2).6

Figure 1. Installed Electricity Capacity by Source in Albania
in 2019 (Mw)

Hydropower I 2,162

Thermal Power [ 97

Solar Power | 15

Source: ERE®

There are three different categories of hydropower plants in
Albania. The first category is composed of the three largest
hydropower plants, namely, Fierza, Koman and Vau i dejes,
with a combined capacity of 1,350 MW. These plants are
owned by the Albanian Power Corporation S.A. (KESH), the
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main state-owned power producer in the country. The sec-
ond category are large hydropower plants operating on a
liberalized market with a total capacity of 252 MW. The third
category are the rest of the hydropower plants, which are
generally smaller, with a total installed capacity of 560 MW.
Albania only has one thermal power plant, the Vlora TPP,
owned by KESH, with an installed capacity of 98 MW. Howev-
er, the plant has never been in operation due to several op-
erational problems, including an issue with its cooling sys-
tem. Regarding solar power, in 2019 there were eight plants
with a total installed capacity of 15 MW.°

Figure 2. Annual Electricity Generation by Source in Albania
in 2019 (GWh)

Hydropower | 5,185.7

Solar Power | 22.2

Source: Instat®

Since the electricity sector of Albania is largely dominated
by hydropower, electricity generation is significantly depen-
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dent on the hydrological conditions and has been fluctuat-
ing throughout the years (Figure 3). Thus, in 2019 electricity
generation decreased by 39 per cent compared to 2018.°

Figure 3. Total Domestic Electricity Generation in Albania in
2013-2019 (GWh)
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Source: ERE®

Albania currently has several planned projects aimed at in-
creasing the installed electricity capacity. Thus, there are
several small hydropower (SHP) plants for which construc-
tion works are planned to start or which are already in the
construction phase. For solar photovoltaics (PV), two large
auctions have been conducted. As of the moment of writing
of this chapter, one was in the signature phase for a total
capacity of 140 MW (Karavasta auction) and the other one
was still in the auction phase for a total capacity of 100 MW
(Spitalles auction).”® In addition, there are plans to hold
auctions for wind generation as well as to revive the Vlora
thermal power plant by connecting it to the Trans Adriatic
Pipeline (TAP).

In 2019, the net electricity consumption was 5,961 GWh,
with total consumption at 7,612 GWh (Figure 4).5 The level
of electricity losses reached almost 22 per cent, represent-
ing a significant reduction compared to the previous years,
but remained high when compared with the neighbouring
countries.’

Figure 4. Electricity Consumption in Albania in 2013-2019
(Gwh)
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Source: ERE®

The Albanian electricity sector regulator Enti Rregullator i
Energjisé (ERE) sets the electricity tariffs for consumers. The
tariff for households is approximately 0.11 USD/kWh, while
for industrial clients it is at 015 USD/kWh.>"°

The transmission system is composed of 400 kV, 220 kV, 150
kv and 110 kV lines with the associated substations that
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serve transmission and international connectivity to Monte-
negro, Greece and Kosovo. The operator, Operatori i Sistemit
té Transmetimit (OST), is entirely state-owned. The level of
interconnection in Albania is high compared to the peak
load, meaning that Albania can export and import easily to
the neighbouring countries.

The distribution company, Operatori i Shpérndarjes sé En-
ergjisé Elektrike (OSHEE), is also entirely state-owned. In
2020, OSHEE was unbundled into three companies: Opera-
tori i Sistemit té Shpérndarjes (OSSH), which is responsible
for the operation and maintenance of the distribution grid;
Furnizuesi i Shérbimit Universal (FSHU), which is the sup-
plier for the clients in the regulated market; and Furnizuesi
i Tregut té Liré (FTL), which is the supplier for the clients in
the unregulated market."

The structure of the electricity market is established through
Decision 519 of 13 July 2016 on the approval of the electric
power market model? The electricity market in Albania is
composed of a regulated and an unregulated market. The
vast majority of electricity consumption in the country takes
place through the regulated market, for example, through
the universal service supplier FSHU, which is part of the OS-
HEE group. A regulated contract with the public company
KESH ensures the bulk of the electricity needs for FSHU at
an advantageous price. So far, only high-voltage clients and
a few clients at the medium-voltage level have been able to
purchase power on the unregulated market. The unregulat-
ed market predominantly serves cross-border traders and
the utilities to cover the grid losses. The tariffs are set by
ERE.

As of the moment of writing of the chapter, there were plans
to open ALPEX, a power exchange responsible for the day-
ahead and intraday exchanges.” In addition, OST is current-
ly setting up a balancing market where balancing products
would be purchased following market-based principles.

SMALL HYDROPOWER SECTOR
OVERVIEW

In Albania, the definition of SHP is up to 15 MW. In 2019, there
were 122 SHP plants with a total capacity of 482 MW (Table
1). Of these, 43 SHP plants with a combined capacity of 217
MW were connected to the transmission grid (110 kV) and 79
plants with a combined capacity of 265 MW were connected
to the distribution grid. The installed capacity of SHP plants
up to 10 MW totalled 432 MW, with a generation of 489.5 GWh
in 2019.° Compared to the World Small Hydropower Devel-
opment Report (WSHPDR) 2019, this represents an 80 per
cent increase in installed capacity (Figure 5). This significant
increase is a result of the efficient support of the sector,
including the existence of a guaranteed buyer offering a
good minimal price, which has boosted the construction of
new plants in the country. The potential capacity of up to
10 MW is estimated to be 1,963 MW, which suggests that a
large share of the potential (78 per cent) has not yet been
utilized.™



Figure 5. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Albania (MW)

. 1,963.0
Potential 1,963.0
Capacity 1,963.0
432.0 Il WSHPDR 2022

Installed 240.2 I WSHPDR 2019
Capacity [ WSHPDR 2016
WSHPDR 2013

Source: ERE,> WSHPDR 2016, WSHPDR 2013,> WSHPDR 2019
Note: Data are for SHP up to 10 MW.

Table 1. List of Selected Operational SHP Plants in Albania

Installed capacity

Name (MW) Operator

Llapaj 13.6 “Gjo.Spa.POWER"” company
Bele 2 11.0 “Alb-Energy” shpk
Lumzi 11.0 MC Inerte Lumzi
Sllabinje 10.4 “Power Elektrik Slabinje” shpk
Dardhe 5.8 “Wenerg“ shpk
Topojan 2 5.8 “Euron Energy” shpk
Bele 1 5.0 “Euron Energy” shpk
Orgjost | Ri 4.8 “Energal” shpk
Rrupe 3.6 "Energy partners Al” shpk
Slabinje 2 3.4 “Power Elektrik Slabinje” shpk
Topojan 1 2.9 “Alb-Energy” shpk
Cerunje-2 2.8 "Energy partners Al" shpk
Bishnica 2 2.5 “HEC Bishnica 1,2“shpk
Truen 2.5 "TRUEN" shpk
Cerunje-1 2.3 "Energy partners Al” shpk
Trebisht 1.8 “SA.GLE.Kompani” company
Fterra 11 “Hidro Borshi” company
Ternove 0.9 "DITEKO” shpk
Mollai 0.6 “Energii Khaci” company
Kozel 0.5 “E.T.H.H.” company

Source: ERE’

Currently, SHP plants benefit from preferential treatment as
they receive a feed-in tariff (FIT). The off-taker, FTL, which is
part of the distribution company OSHEE, is obliged by law
to buy all generated electricity at a tariff equivalent to the
day-ahead market price in Hungary plus a premium. In 2021,
the tariff was set at 60 EUR/MWh (71.7 USD/MWh).” The FIT
support scheme is valid for a period of 15 years. In addition,
SHP plants are not held responsible for imbalances until the
end of 2022 or as long as the balancing market is functional.®

In previous years, the Energy Ministry of Albania signed a
large number of contracts with hydropower developers.
However, given that the country is currently seeking to di-
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versify its electricity generation sources away from hydro-
power, there is no plan to sign further contracts for SHP
development.

RENEWABLE ENERGY POLICY

Law 7/2017 on the promotion of the use of energy from re-
newable sources is the most important piece of legislation
on renewable energy in Albania® Under this law, small in-
stallations up to 2 MW (3 MW for wind power) are entitled to
claim a FIT. Hydropower developers with a plant acceptance
certificate received before the end of 2020 can also benefit
from the FIT support scheme. The support scheme for in-
stallations above 2 MW without a plant acceptance certifi-
cate is to be organized through a market-based approach,
for example, through auctions for additional renewable
energy capacity. The winning bidder would benefit from a
sliding feed-in-premium known as a contract for differenc-
es. Under this scheme, the developer receives the difference
between a prefixed price and the market price for a period
of 15 years.

Currently, the target for renewable energy consumption is
set at 38 per cent for 2020 and 42 per cent for 2030. A new
National Energy and Climate Plan (NECP) is to be published
by the end of 2021, which will establish new CO, emissions
targets as well as new targets for renewable energy gener-
ation and consumption. The new NECP is unlikely to have
a major impact on SHP, nor is it expected to promote the
development of new SHP plants.

The energy regulatory authority ERE, established by the
Power Sector Law (Law No. 9072), is responsible for issu-
ing licences for the generation, transmission and distribu-
tion of electricity. As per its Rules of Practice and Proce-
dure (Decision No. 21 dated 18 March 2009), ERE guarantees
equal treatment in issuing licences and resolving disputes
between parties. And under the Rules and Procedures on
Certification of Electricity from Renewable Energy Sources,
ERE has outlined the procedures for generators to apply for
green certificates and approval of project implementation.®

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Given that there is no intention to further develop new SHP
in the country besides the contracts already signed, there
are currently no other financial mechanisms available for
SHP projects. Nonetheless, SHP can benefit from a FIT ac-
cording to law 7/2017 on the promotion of the use of energy
from renewable sources.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Hydropower generation in Albania is expected to be greatly
impacted by climate change. In particular, reduced precip-
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itation, especially in the summer season, may decrease the
generation output of hydropower. In addition, changes in
the seasonality of river flows, such as more rapid snowmelt
due to higher winter temperatures, could reduce the operat-
ing time, resulting in decreased generation.

The Government is looking to diversify the country’s over-
reliance on hydropower to enhance energy security. Since
climate change is exacerbating this risk, the diversification
of the generation assets becomes even more important.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The main barriers for further development of SHP in Albania
are as follows:

+ Current effort to diversify from the almost exclusive
reliance on hydropower by encouraging the increase
of other sources of renewable energy, such as wind
power and solar PV. Such diversification could reduce
the impulse for new SHP development.

+ Social resistance to new hydropower developments,
notably for the Vjosa River.?® In 2019, the Prime Min-
ister announced the Government’s decision to cancel
the construction of all hydropower plants on the Vjosa
River.?'? This generalized resistance might negative-
ly impact the further development of SHP in Albania.
Among the factors contributing to this resistance are:
infringement on property rights of citizens living in the
vicinity of the projects, effects on water quality, po-
tential degradation of the ecosystem, loss of species
diversity and genetic diversity, among others.

While in the light of the above limiting factors further SHP
development in the country appears unlikely, there, none-
theless, remains a significant untapped potential, which can
be considered as the key enabling factor.
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Bosnia and Herzegovina

Hamid Mehinovi¢ and Esmina Sahi¢, Westport Consulting

KEY FACTS

3,280,815 (2020)'

51,197 km?22

Bosnia and Herzegovina (BiH) shares a 932-kilometre border with Croatia to the north and south-
west, a 357-kilometre border with Serbia to the east and a 249-kilometre border with Montenegro to
the south-east. It borders the Adriatic Sea along its 20-kilometre coastline. The country’s territory
consists of valleys and mountains, which measure up to 2,386 metres in height, and its lowest alti-
tude is 0 metres. The country is mainly hilly to mountainous, with an average altitude of 500 metres.
Of the total land area, 5 per cent is lowlands, 24 per cent is hills, 42 per cent is mountains and 29 per
cent is a karst region.?

The country consists of several different climate zones: 1) alpine climate in the mountain regions,
2) continental climate in the northern Pannonia lowlands along the Sava River and foothills, and 3)
Mediterranean climate in the coastal and lowland regions of the Herzegovina region in the south
and south-east. Due to the temperature characteristics, the territory of BiH is divided into three
temperature zones: warm, moderate and cold. The warm zone corresponds to the Adriatic coast and
lowland Herzegovina with mean winter temperatures of 5 °C and summer temperatures reaching 40
°C. In the moderate hilly areas, temperatures range from 0 °C in winter and 35 °C in summer. The
mountainous, cold regions reach below 0 °C.*

The climate change has a significant impact in the country. Frequent flooding, severe and intense
rain and drought are only some of the symptoms that impact the tourism and energy sector (parti-
cularly, hydropower) in BiH, as well as agriculture, human health, biodiversity and water resources.*

Annual precipitation ranges from 800 mm in the north along the Sava River to 2,000 mm in the cen-
tral and south-eastern mountainous regions. Maximum rainfall occurs mostly at the end of autumn
or beginning of winter, mostly in November or December.*

The waters of the country are made of the Adriatic Sea basin and the Danube River basin. The Sava
River subbasin is the second largest subbasin of the Danube River basin, with approximately 40 per
cent lying in BiH, whereas the rest of the watershed is shared by Croatia, Serbia and Slovenia.’

ELECTRICITY SECTOR OVERVIEW

The total installed capacity of Bosnia and Herzegovina (BiH)
in 2020 amounted to 4,530.6 MW (Figure 1).* Renewable ener-
gy has been used for power generation in the country since
the 1950s. While hydropower has dominated among renew-
able energy sources, since 2010 the relevant BiH institutions
started to actively promote the use of other renewable ener-
gy technologies as well, with a focus on solar photovoltaics
(PV), wind power and biomass. In 2019, the first two wind
farms connected to the transmission system, Mesihovina
and Jelovaca, injected into the network 254 GWh. In 2020,
an additional wind farm was connected to the transmission
system, Podvelezje, with a total installed capacity of 48 MW.”

In 2020, electricity generation reached 15,391 GWh (Figure 2),
which was 4 per cent less than in 2019 and 14 per cent less
than 2018.° In 2020, small-scale renewable energy genera-
tion recorded a 26 per cent decrease from 2019 amounting
to 399 GWh, much of which was due to a drop in small hydro-
power (SHP) generation.®
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Figure 1. Installed Electricity Capacity by Source in Bosnia
and Herzegovina in 2020 (MW)
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In 2020, BiH registered an almost 36 per cent share of re-
newable energy sources in its energy mix, which was behind
its 2018 target of 38 per cent.” A new target for 2030 was set
within the National Energy and Climate Plan (NECP) by the
Ministry of Foreign Trade and Economic Relations (MOFTER)
and entity Energy Ministries.



Figure 2. Annual Electricity Generation by Source in Bosnia
and Herzegovina in 2020 (GWh)
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BiH consists of two administrative entities, Federation of
Bosnia and Herzegovina (FBiH) and Republika Srpska (RS).
Additionally, the Brcko District, a self-governing administra-
tive unit, remains under international supervision. Under the
Constitution of BiH, the energy sector is managed by each
administrative entity. In FBiH, the main institutions are the
Federal Ministry of Energy, Mining and Industry (FMERI) and
the Federation Electricity Regulatory Commission (FERK).
The electricity sector is governed by the Law on Electrici-
ty and Law on Renewable Energy Sources, both adopted in
2013. The key institutions in RS include the MOFTER, State
Energy Regulatory Authority (SERC), Transmission Company
(Elektroprenos BiH) and Independent System Operator BiH
(ISO BiH). Electricity generation, distribution system opera-
tion and supply of electricity are governed by administrative
entity legislation respectively in FBiH and RS, as well as by
the Brcko District. The local Government of the Brcko Dis-
trict is responsible for the implementation of the Electricity
Law of the District, adopted initially in 2004 and amended
in 2013.

The country has a 100 per cent electrification rate. The elec-
tricity sector in BiH began the process of liberalization in
2015, but to date no electricity wholesale market has been
established and consequently no competitive retail market
exists.’

The principal means for regulating the electricity sector
is through a licensing regime. Electricity-related licences
in BiH are issued by the State Electricity Regulatory Com-
mission (DERK), FERK in FBiH or the Regulatory Commis-
sion for Energy in RS (RERS), depending on the jurisdiction.
DERK is responsible for regulating tariffs for the services
of Elektroprenos BiH, operation of ISO BiH, ancillary ser-
vices, non-qualified customers belonging to the category of
households in the Brcko District and electricity distribution
services in the Brcko District as well as for determining the
electricity costs of the default supplier in the Brcko District.
FERK and RERS are responsible for regulating tariffs for the
supply of electricity to non-eligible (tariff) customers and
tariffs for distribution system users.?

In FBiH and RS, fixed electricity tariffs are calculated by add-
ing technology-specific premiums to a reference price. In
FBiH, technology-specific conversion factors are multiplied
by the reference price of 0.081 BAM/kWh (0.049 USD/kWh).

In RS, absolute determined premiums are added to the ref-
erence price of 0.0541 BAM/kWh (0.033 USD/kWh). RS also
offers a premium for electricity produced from renewable
energy sources, regardless of whether the energy generat-
ed is either sold directly to the market or is used for own
consumption. Tariffs are granted for 15 years in RS and for
12 years in FBiH.?

SMALL HYDROPOWER SECTOR
OVERVIEW

In BiH, SHP plants are considered as those up to 10 MW in
capacity and are often built on small rivers, streams and ca-
nals. In 2020, installed capacity of SHP plants amounted to
172.2 MW (Table 1).5 This is a significant increase since the
World Small Hydropower Development Report (WSHPDR)
2019 when only 90 MW of installed capacity was record-
ed, with the difference being due to access to more accu-
rate data and continued growth of the sector (Figure 3). No
new studies on SHP potential have been recorded since the
WSHPDR 2019. Generation from SHP in 2020 (341 GWh) was
significantly lower than that in 2019 (498 GWh) due to poor
hydrological conditions.®

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Bosnia and Herzegovina (MW)

. 1,005.0
Potential 1,005.0
Capacity 1,000.0
1,000.0

Installed 90.0 Il WSHPDR 2022

Capacity 36.0

360 [ WSHPDR 2019

I WSHPDR 2016

WSHPDR 2013

Source: Waters of Bosnia and Herzegovina,® Gvero," WSHPDR 2013,
WSHPDR 2016,°* WSHPDR 2019™

Table 1. List of Selected Operational Small Hydropower
Plants in Bosnia and Herzegovina

Ca-

Name Location pgc- Plant Operator Launch
ity type year
(Mw)

ZP Hidroelektrane na 2018
Vrbasu -Bocac 2 a.d.

Bocac 2 Bocac  10.00

Podivic Istocno 0.0 - Buk d.o.0. 2018
Sarajevo,
Trnovo

Do Berkovi¢i 2.00 - Strajko d.o.o. 2016

Ustipraca Ustipraca 6.80 - Hidroinvest d.o.o. 2015

Mesici- Rogatica 2.00 Reser- ERS-MP a.d., ZP Elek- 2015
Nova voir  trodistribucija a.d.

Ziraja Bijelo 041 -
Bucije

Mega elektrik a.d. 2013
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Ca-
Name Location pac Plant Operator Launch
ity type year
(Mw)
Novakov- KneZevo 5.77 - EHE drustvo za 2012
ici proizvodnju, razvoj i
trgovinu d.o.o

SHE Strgacina 110 - ERS male hidroelek- 2012
Suceska trane d.o.o. (Energy
R-S-2 Zotter Bau)
Kaljani Praca 145 - Energonova d.d. 2011
Bistrica Dobro 3.87 - Bobar taubinger 2010
B-52 Polje elektrik d.o.o. (Anton

Kittel Muhle Gmbh)
Suceska StrgaCina 1.80 -  ERS male hidroelek- 2009
R-S-1 trane d.o.o. (Energy

Zotter Bau)
Divic KruSevo 228 - Eling male hidro- 2005
Brdo elektrane d.o.o.

Bogati¢ci  Trnovo 10.00 Reser- P Elektroprivreda 1947
Nova voir BiH d.d. (28%), Elek-

troprivreda RS (72%)
BogatiCi  Trnovo 940 - JP Elektroprivreda 1947
Nova BiH d.d. (28%), Elek-

troprivreda RS (72%)
Trebinje Il - 8.00 Run- ZP Hidroelektrane -

of-riv- na Trebisnjici a.d.
er Trebinje

Source: Waters of Bosnia and Herzegovina”

As of 2021, there were 115 SHP plants in operation and 341
under various stages of planning and construction (Table
2)" For example, the Neretvica SHP plant project consists
of 15 plants with an overall capacity of 24.5 MW and a to-
tal project cost of EUR 50 million (USD 59 million. The first
phase of the project includes four SHP plants with a total of
9.4 MW of installed capacity.

Table 2. List of Selected Planned Small Hydropower
Projects in Bosnia and Herzegovina

Ca-
Name Location pac- Developer Stage of develop-
ment
(Mw)
Doboj Republika 9.80  Technor
Srpska Hydro 2 AS, Concession agree-
NorveSka  ment terminated
KruSevo BioStica, 9.75 P Elektro- Planned
Olovo privreda BiH
d.d.
Volujak GraCanica 4.50 MM Energi Environmental
d.o.o. permits issued
Bistrica B-4 Foca 2.90 Bobar elek- Concession agree-
tronik d.o.0o. ment terminated
Brod na Drini
Lakat - 1.70 Calik enterji( Preliminary design

Turska)

Source: Waters of Bosnia and Herzegovina"
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Although there has been a rapid rise of SHP in the country,
there has also been a pushback from environmental groups
against further SHP development in the Balkans. This is due
to the larger concern that 817 hydropower plants, repre-
senting 49 per cent of all hydropower plants in the Balkan
region, lie in protected areas.”® Because of recent policy de-
velopments, it is unlikely that developers will be seeking to
develop in the near future.

RENEWABLE ENERGY POLICY

Recently, relevant institutions in BiH, such as Ministry of
Foreign Trade and Economic Relations of BiH, Ministry of
Energy, Mining and Industry of FBiH, Ministry of Industry,
Energy and Mining of RRS and Government of the Brcko
District, started to engage in active renewable promotion.
The National Renewable Action Plan (NREAP) of BiH, which
was developed based on the FBiH and RS Renewable Energy
Action Plans, set a target of a 40 per cent share of renew-
able energy sources in final energy consumption and a 10
per cent share in transport by 2020. The Framework Energy
Strategy of BiH Until 2035 is aimed at prioritizing the key en-
ergy strategies for the years to come. Under this framework,
the country aims to increase the share of renewable energy
to 40 per cent with a focus on increasing deployment in the
electricity sector”

BiH is a Contracting Party to the Energy Community Treaty,
which imposes clear obligations and deadlines to adopt, re-
form and implement changes related to the energy sector.
These include market development and competitive land-
scape as well as environmental protection.

The legal and regulatory authority framework in BiH elec-
tricity sector is complex. At the state level, there are three
main laws governing the electricity sector all adopted in
2004: Law on Transmission, Regulator and Electricity System
Operator; Law on Establishment of Transmission Company;
and Law on Establishment of the Independent System Op-
erator.

The main support scheme for the production of electricity
from renewable energy sources in BiH is a FIT. RS promotes
the power production from renewable energy sources main-
ly through a FIT and feed-in premium. Policy makers in BiH
have pushed for a reform of the support system to curb its
rising cost, questioning the use of FIT in particular. Many in
the Government consider FIT to be an effective but not a
cost-efficient instrument for renewable energy support and
that the use of the FIT is inconsistent with the goal of re-
newable energy market integration. Instead, large-scale re-
newable energy plants should be encouraged to sell their
electricity to the wholesale market, with any support being
additional to market revenues. The underlying rationale for
this policy is to enhance the operational efficiency of renew-
able energy plants via an improved match of demand and

supply.



In FBiH, tariffs are regulated by the Renewable Energy Sourc-
es Law of FBiH and special decrees and rulebooks. The plant
operators need to obtain the status of a privileged power
producer to acquire the right to a price support for the gen-
erated electricity under the legal requirements. After hav-
ing concluded a power purchase agreement with the plant
operator, the operator for renewable energy sources and
coefficient cogeneration (RES Operator) is legally obliged
to buy the total amount of electric energy from privileged
producers at an incentive price. The amount of the feed-in
tariff (FIT) is determined in the annex of the Decision on the
determination of the guaranteed prices for electricity from
renewable energy sources and efficient cogeneration and
depends on the type of technology and the capacity of the
power plant™®

In RS, tariffs are regulated by the Energy Law of RS, Electricity
Law of RS and above all the Renewable Energy Sources Law
of RS; there are also special decrees and rulebooks. First-
ly, the plant operator needs to obtain a renewable energy
source certificate and a decision on the right to support by
applying to the Energy Regulator (Art. 12 of Electricity Law).
The Support Scheme Operator (Art. 13 of Renewable Energy
Sources Law RS) concludes a power purchase agreement at
a guaranteed price. The amount of the FIT is determined in
the Decision on the amount of the guaranteed prices and
premium prices for electricity produced from renewable
sources and efficient cogeneration and depends on the type
of technology and the capacity of the power plant. The FIT
is financed by an incentive fee that the final consumer is
obliged to pay on the amount of consumed electricity (Art.
30 of Renewable Energy Sources Law RS).®

In both administrative entities, renewable energy devel-
opers enjoy other incentives, such as priority in dispatch.
Both entities prioritize grid connection for renewable energy
source operators. FBiH and RS both also offer other incen-
tives for foreign investors, such as customs-free imported
materials in FBiH and corporate tax exemption in RS.

In FBiH, the connection of power plants from renewable en-
ergy sources to the grid is mainly regulated by the gener-
al legislation on energy (Art. 28, § 1 of Renewable Energy
Sources Law FBiH). In RS, the connection of power plants
from renewable energy sources to the grid is regulated by
the general legislation on energy (Electricity Law of RS, Re-
newable Energy Sources Law of RS), General Conditions for
Delivery and Supply of Electricity, Rule Book on Methodolo-
gy for Determination of the Fee for Connection to the Distri-
bution Network and Rule Book on Conditions for Connection
of the Facilities to the Electric Distribution Network of the
RS. In both entities, the grid operators generally provide
non-discriminatory access to the grid and renewable energy
producers are given priority to connect to the grid.®

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

Due to the pressure of environmental activists, the House
of Representative of FBiH adopted the Declaration on Pro-
tection of Rivers in February 2021 with the aim of completely
banning the construction of SHP plants in FBiH. In order
for the ban to become effective, FBiH needs to amend the
existing legislation. The FBiH House of Representatives gave
a three-month deadline to the FBiH Government to analyse
and draft the amendments to the current legislation need-
ed for the implementation of the Declaration and ban. On
top of this, the Government rejected a proposal in April 2021
that would amend the Law on the Use of Renewable Energy
Sources and Efficient Cogeneration to allow 17 SHP plants to
continue benefiting from a subsidy scheme until the end of
their concession agreements.?

Although the construction of SHP plants has not been
banned in RS, the entity has enacted a set of measures that
seem to have a similar goal. The RS National Assembly in-
structed the RS Government to draft a proposal of measures
for the review of all concession agreements and the status
of activities envisaged by the latter to temporarily suspend
the initiatives for construction of new SHP plants until the
finalization of the aforementioned review, and to reassess
and amend the incentives system for electricity produced
from SHP plants.

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Most SHP projects are financed by commercial bank loans
and guarantees are topped up by the companies’ own re-
sources. Pledge registries, business registries and land reg-
istries in some countries sometimes contain information
on loans taken for the construction of hydropower plants.
Three greenfield projects identified in BiH have confirmed
financing from multilateral development banks: Vranduk
with financing from the European Bank for Reconstruction
and Development (EBRD) and European Investment Bank
(EIB) signed; the Brestovni Potok plant financed by the EBRD
through an unidentified financial intermediary; and the
Kraljuscica 1 plant near Konjic, also financed by the EBRD
through UniCredit as a financial intermediary.”

There is also some interest from Chinese banks in BiH, how-
ever there are no commitments on paper yet. The project
sponsor of the Ulog project on the Upper Neretva, the En-
ergy Financing Team (EFT), has stated in June 2012 that it is
in negotiations with the China Development Bank regarding
financing.? Chinese companies have also expressed inter-
est in the controversial Dabar hydropower plant, part of the
Gornji Horizonti complex, which would move water from the
Neretva attachment to the Trebisnjica, as well as the Buk Bi-
jela project on the River Drina and the lesser known Trn and
Laktasi plants on the River Vrbas near Banja Luka.”
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EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Climate change is expected to exacerbate problems related
to low river flows. The expected summer precipitation de-
creases in inland areas could lead to a fall in the production
of hydropower, which could also jeopardize energy security
and electricity exports. Droughts have contributed to reduc-
tions in the production of hydropower. This reduction can
be compensated for through thermal power generation or
imports, although neither is economically viable or environ-
mentally friendly. Furthermore, the climate crisis is expected
to increase the risk of damage due to more frequent floods
as well as lower the quality of potable water.?2

Planned outputs and activities of the Climate Change Adap-
tation and Low-Emission Development Strategy, adopted by
the council of ministers in October 2013 that are related to
hydropower include:

+ Improved guidelines for the construction of hydro-
power plants, considering the potential impact of
climate change (technical assistance and capacity
building programme to develop guidelines, followed
by training and awareness raising);

+ Improved and functioning licence control for hydro-
power plants (revised regulations, monitoring and en-
forcement programme);

+ Hydrological models for various climate scenarios
need to be developed to support both risk manage-
ment strategies and mitigation measures.”

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The following points summarize the main barriers to SHP
development in BiH that have been identified:

+ Negative environmental impacts on protected areas
due to poor construction practices including water
pollution, waste disposal, soil erosion impacts and
habitat encroachment;

+ Lack of adequate economic incentives;

+ Lack of adequate consultation with local population;

+ Recent adoption of the Declaration on Protection of
Rivers with the aim to ban construction of SHP in FBiH;

+ Strong negative reputation of SHP in the country due
to perceived harmful practices.

The following points summarize the main enablers that have
been identified:
+ Remaining and vast undeveloped potential in the
country.
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Croatia
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KEY FACTS

4,058,165 (2019) '

56,594 km??

The topography of Croatia is divided into three distinct areas: 1) the lowland basin between the
Sava and Drava Rivers and along the border with Hungary (the Pannonian Plain) in the east and
north-west; 2) the mountainous karst region of the Dinaric Range in the centre and 3) the littoral
region along the Adriatic coast, which runs from the Istria County in the north through Dalmatia to
the Prevlaka peninsula in the south. Approximately one quarter of the territory of Croatia is arable.
The highest peak is Mount Dinara at 1,831 metres, located on the border between Croatia and Bosnia
and Herzegovina.?

The climate of Croatia varies across regions. A continental climate predominates on the Pannonian
Plain and a Mediterranean one along the Adriatic coast, while variations of those two climates are
present in the Central Belt of the Dinaric Mountain barrier. The coastline is marked by frequent
strong winds — the colder Bura as well as the warmer Jugo.*

The average annual air temperatures in Croatia in 2019 exceeded the multi-annual average (1981-
2010) by 0.7 °C (Komiza) to 1.9 °C (Gospi¢ and Zagreb-Gri€). At the Zagreb-Gri€ station, the average
annual air temperature in 2019 was 14.2 °C, compared with the 1981-2010 average of 12.3 °C, making
the 2019 annual average the warmest observed at the station since the beginning of meteorological
observations in 1862.° The Regional Climate Model for Croatia indicates a further increase in air
temperatures in the coming decades. Thus, for the period 2011-2040, the temperature in Croatia is
expected to increase by 0.6 °C in winter and by 1 °C in summer. For the period 2041-2070, the model
projects an increase of 2 °C in the continental part of the country, 1.6 °C in the south and 3 °C in the
coastal region. Precipitation is also expected to decline in the coming decades but the patterns of
change are projected to vary regionally and across seasons. Furthermore, many projections foresee
a future climate with winters wetter in the north and drier in the south.®

The precipitation regime in Croatia reflects the diversity of topographic areas and climactic zones
and the influence of the mountain barrier between them. While in the Pannonian Plain average an-
nual precipitation reaches 800-1,300 mm per year, in the coastal region it is only approximately 700-
800 mm. In the Gorska Hrvatska region, average annual precipitation ranges from 1,300 mm to 3.500
mm.” Areas receiving the least annual precipitation include the small, remote Croatian archipelago
of Palagruza in the middle of the Adriatic Sea (304 mm) and eastern Slavonia and Baranja (Osijek,
650 mm).®° An analysis of annual precipitation in 2019 indicates that precipitation values in Croatia
across all surveyed stations were within the range of 103-143 per cent of the 1981-2010 average.®

The main hydrological divisions of Croatia are the Black Sea catchment basin and the Adriatic
catchment basin. The Black Sea basin comprises approximately 62 per cent of the country’s terri-
tory. It can be further subdivided into the Danube and the Drava basins lying within the Pannonian
Plain and the Sava River basin in the Dinaric karst, which also includes its tributaries the Kupa,
Bosut and Una Rivers. The Danube is the major navigable river of Croatia. Meanwhile, the Adriatic
basin comprises 38 per cent of the territory of the country, and includes the Cetina, Krka, Zrmanja
and Rjecina Rivers®" Major lakes in Croatia include Lake Vransko (30.7 km?), as well as the artificial
reservoirs Lake Dubrava (171 km2) and Lake Varazdin (10.1 km2) on the Drava River and Lake Peruca
(13 km2) on the Cetina River

ELECTRICITY SECTOR OVERVIEW

The total installed capacity of power plants in Croatia at  ergy sources a total of 394 MW (8 per cent) (Figure 1). These
the end of 2019 was 5,211 MW, with hydropower providing  figures exclude the installed capacity of the Krsko nuclear
2,127 MW (41 per cent), thermal power 2,019 MW (39 per cent),  power plant, located on the territory of Slovenia, of which
wind power 671 MW (13 per cent) and other renewable en-  Croatia owns a 50 per cent share?® Wind power in Croatia

22



has been undergoing a rapid expansion in the last decade,
by April 2021 reaching an installed capacity of 738.25 MW, up
from 26.8 MW in 2009.

Figure 1. Installed Electricity Capacity by Source in Croatia
in 2019 (Mw)
Hydropower I 2,127
Thermal Power |GG 2,019
Wind Power s 671
Other RE mm 394

Source: HERA™

Total generation of electricity in 2019 was 12,005 GWh, of
which hydropower provided 5,871 GWh (49 per cent), ther-
mal power 3,720 GWh (31 per cent), wind power 1,467 GWh
(12 per cent), and other renewable energy sources 947 GWh
(8 per cent) (Figure 2).2

Figure 2. Annual Electricity Generation by Source in Croatia

in 2019 (GWh)
Hydropower 5,871

Thermal Power 3,720

Wind Power 1,467

Source: HERA™

Access to electricity in Croatia is 100 per cent.® Total annual
consumption of electricity realized in the transmission net-
work in 2019 was 16,821 GWh, with system peak load at 3,038
MW and a total of 22,198 GWh of electricity transmitted. Total
transmission losses were 387.9 GWh (approximately 1.8 per
cent of all transmitted electricity). Imports, including elec-
tricity produced by the KrSko nuclear power plant, totalled
6,163 GWh, amounting to 35.6 per cent of total consump-
tiont2®

The electricity sector of Croatia has been liberalized but
remains dominated by the state-owned company Hrvatska
Elektroprivreda (HEP), especially in the area of large hydro-
power and thermal power. The national electricity market of
Croatia is fully aligned with the European Union (EU) direc-
tives governed by EU regulations. Croatia has adopted the
independent transmission operator (ITO) model of market
unbundling, with the Croatian Transmission System Oper-
ator (HOPS) being separate from the state-owned utility
HEP, which owns the transmission network. Authorities of
major importance for the energy sector include the Ministry
of Environmental Protection and Energy, in charge of devel-
oping energy policy; the Croatian Energy Regulatory Agency
(HERA), an independent public institution in charge of reg-
ulating energy activities; and the Croatian Energy Market
Operator (HROTE), which organizes the electricity and gas
markets as a public service under the supervision of HERA®

The structure of the electricity market in Croatia is outlined
in the Energy Act and the Electricity Market Act. In fact, there
are two distinct electricity markets in the country. The ini-
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tial energy market model was a bilateral one in which elec-
tricity trading was carried out based on bilateral contracts
between market participants. The Rules of Organizing the
Electricity Market of 2015 introduced the concept of bal-
ancing groups, enabling portfolio optimization of subjects
bundled into a single balance group. The second electrici-
ty market is regulated by the Croatian Power Exchange Ltd.
(CROPEX), which was created in 2016 and in 2018 was merged
with the Slovenian stock market. Any producer, supplier, en-
ergy trader or eligible customer is a market participant in
the Croatian electricity market. For performing energy-relat-
ed activities, a licence must be obtained from HERA and an
Electricity Market Participation Agreement must be signed
with HROTE."® The Integrated National Energy and Climate
Plan of Croatia for the period 2020-2030 with an outlook un-
til 2050, adopted in December 2019, aims to strengthen the
country’s energy market and to integrate it completely with
that of the EU and the international energy markets. Regula-
tory activities are to be steered towards simplifying market
access and allowing equal and non-discriminatory access to
the grid infrastructure.”

The average electricity price including all taxes, levies and
VAT for an annual consumption of 2,500-5,000 kWh for
household end users in the second half of 2020 was 0.131
EUR/kWh (016 USD/kWh) while the average electricity price
for non-household consumers with an annual consumption
of 500-2,000 MWh, excluding all recoverable taxes and lev-
ies, was approximately 0102 EUR/kWh (0.2 USD/kWh).202!
The prices generally vary with the amount of electricity
consumed, making it cheaper for larger consumers such as
business and industry. For eligible producers taking part in
the incentive system for renewable energy under the Re-
newable Energy Source and High-Efficiency Cogeneration
Act, the weighted average price of electricity paid in 2019
was approximately 2.5 times higher than the annual average
electricity price on the day-ahead market on the CROPEX
electricity exchange (0.37 HRK/kWh (0.06 USD/kWh)).2

SMALL HYDROPOWER SECTOR
OVERVIEW

Small hydropower (SHP) plants are defined in Croatia as
plants having an installed capacity of less than 10 MW, as
per the EU standard.

The total natural hydropower generation potential in the
Republic of Croatia is approximately 21.3 TWh, while the
technical hydropower generation potential is approximate-
ly 12.4 TWh. Currently, around 49 per cent of the technical
hydropower potential is utilized, which means that the
remaining available technical hydropower potential is ap-
proximately 6.2 TWh. Approximately 8 per cent of the total
technical hydropower potential is accounted for by the po-
tential of small watercourses (514.92 GWh/year).2

The technical potential capacity of SHP plants in Croatia
(not considering environmental constraints) is approx-
imately 350 MW, while the most recent data suggest that
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the realistically achievable potential is 100 MW, according to

Ca-
the conclusions of the “Small hydropower plants in Croatia” . pac- Plant Launch
X . o . Name Location ". Operator
symposium held in 2015.2 The possibility of using a large ity  type year
part of the currently-unused potential will depend on the (mw)
harmonization of the interests of Croatia and neighbouring Curak wa- Run-of-
countries. Part of the hydropower potential will likely re- ~ ZeleniVir  tercourse 2.00 river HEP 1922
main unused due to ecological and other constraints. Run-of-
Ozalj 2 Kupa River 2.20 river HEP 1952
As of 2019, there were 39 SHP plants operational in Croa- Zavrelje Run-of-
tia with a total installed capacity of 45.68 MW.>* Relative to  Zavrelje source 210 river HEP 1953
the World Sma!l Hydropower Deve’lop‘ment Report (WSH- Fuzine Licanka 650 Pumped HEP 1957
PDR) 2019, the installed SHP capacity increased by nearly River storage
39 per cent; however, this increase is primarily due to more RUN-of-
accurate data on operational SHP plants becoming avail- 5 a3din PS Drava River 0.64  river HEP 1976
able (Figure 3, Table 1). Of the operational SHP plants, 14 - .
. . . . Butiznica Run-of-
Wlth'a tota}l installed capacity of 5.9 MW were enrolled in Golubié River 750  river HEP 1981
the incentive scheme for renewable energy sources and
two additional SHP contracts with a total installed capacity Cak 1D River 110 Run-of- HEP 198
of approximately 0.8 MW were pending as of 2020.>* SHP axovec rava river 1. river
projects previously considered for development include the  _ ) Run-of-
Dale SHP plant (6.4 MW), TE-TO Zagreb SHP plant (84.3 kw) ~ Cakovec2 DravaRiver 0.34 river HEP 1983
and four SHP plants on the Sava River near Zagreb (Jarun, Krci¢ water- Run-of-
Sanci, Petrusevec and Ivanja Reka) with a total capacity of ~ Krcic course 036 river HEP 1988
40 MW.257 As of 2019, there were plans in Croatia for at least Run-of-
29 additional SHP projects with a total planned installed ca-  Dubrava1 Drava River 110  river HEP 1989
pacity of 27.64 MW, in various stages of approval (Table 2).% Dubrava 2 RUN-of-
and 3 Drava River 0.68 river HEP 1991
Figure 3. Small Hydropf)wer Ca.pautles in the WSHPDR Kupéina RUN-of-
2013/2016/2019/2022 in Croatia (MW) Bujan River ~ 0.05 river  Josip Bujan 1995
Lepenica
Potential 192.0 accumula- Revers-
Capacity Lepenica tion 120 ible HEP 1996
Obrt Matakovic,
B WSHPDR 2022 Matakovi¢ 1 MreZnica Run-of- metal machin-
Installed 33.0 B WSHPDR 2019 and 2 River ~ 0.02 river ing 2007
Capacity 33;87 [ WSHPDR 2016 Orljava Run-of- Pleternica SHP
) WSHPDR 2013 Pleternica River ~ 0.23  river LLC 2012
Run-of-
os ;,,,c;ﬁi‘,g;"z‘gv,aﬁtirdlnsﬁggfgg;g‘gatef Management,* WSHPDR Pranjéevi¢i Cetina River 1.31  river HEP 2017
Source: Croatian Water Institute for Water Management?
Table 1. List of Selected Operational Small Hydropower Table 2. List of Selected Planned Small Hydropower
Plants in Croatia Projects in Croatia
C;(; plant Launch Name Location Ca(%/‘cljty Plant type Developer
Name Location P Operator
ity  type year ) .
(MW) Gomirsko Dobra Nova energija
Vrbovsko River 0.22 - LLC
Pamucna .
industrija  MreZnica Run-of- Duga Resa Cot- Korana Run-of-  Ekoloski
Duga Resa River 110 river  tonlIndustry 1884 Korana 1 River 0.35 river  sistemi LIC
Run-of- Korana Run-of-
Jaruga Krka River 5.60  river HEP 1903 Odeta 1 River 1.25 rver Odeta LLC
Run-of- MrezZnica Run-of-
0zalj 1 Kupa River 3.54 river HEP 1908 ~ Odeta2 River 042 river  OdetaLLC
Run-of- Orljava Run-of- Pleternica SHP
Roski Slap  Krka River 177  river Hidro-Watt LLC 1909 Pozega River 012 rver LLC
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RENEWABLE ENERGY POLICY

The Integrated National Energy and Climate Plan of Croa-
tia for the period 2020-2030 with an outlook until 2050 was
adopted in December 2019 under the mandate of the Ener-
gy Act® Of the targets addressed in this Plan, decarboniza-
tion is the most significant. The two key components of the
decarbonization target are a reduction in greenhouse gas
emissions (at least 43 per cent for the European Emissions
Trading System (ETS) sector and at least 7 per cent for the
non-ETS sector) and an increased share of renewable en-
ergy sources in final energy consumption (63.8 per cent of
electricity consumption, 36.4 per cent of gross final energy
consumption and 13.2 per cent in the transport sector) by
2030. According to the Plan, renewable energy is expected
to account for 79 per cent of all produced energy by 2050.
All non-renewable energy sources, including thermal power
and public and industrial cogeneration, are expected to de-
crease their production, with their combined share decreas-
ing from 371 per cent in 2010 to 27.8 per cent in 2030 and to
21 per cent in 2050.”

As the share of renewable sources in the country’s energy
mix and the financial viability of renewable energy projects
increase, the Plan aims to gradually decrease incentives
paid to renewable energy producers, with the end goal of
reaching a point where incentives will no longer be nec-
essary. At the same time, continued support for the devel-
opment of renewable energy sources will be provided by
unburdening such projects from certain taxes and levies,
removing administrative obstacles, simplifying permit issu-
ance procedures and setting guidelines, recommendations
and best practices for projects in urban areas. The national
Government as well as local and regional authorities will
be expected to contribute to the project’s development by
preparing necessary studies and documentation.”

Figure 4. Share of Renewable Energy Sources in the
Incentive System of Croatia in 2019 (%)

11% [0.7%
: 0.3%
4.9% \I[
6.1% B Wind Power
8.4% M Cogeneration
: M Biomass

Solar Power
Biogas

I Geothermal Power
Small Hydropower

Wastewater/

0y
65.6% Landfill Gas

Source: HERA™

The current tariff system incentivizing renewable energy
sources, which reduced support for wind and solar power
plants, was introduced in 2014. Under the tariff system for
production of electricity from renewable energy sources
and cogeneration, renewable energy producers who have
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obtained the status of a privileged producer and subse-
quently won a public tender carried out by HROTE receive
a premium on the base tariff for a period of 14 years.?? The
share of each renewable source among power plants cur-
rently enrolled in the incentive system is displayed in Figure
4, with tariffs showed in Table 3.

Table 3. Premium Tariff for Renewable Energy in Croatia

Incentive price

Energy type Capacity (MW) (USD/RWH)
<0.3 0.17
Hydropower 0.3-2 015
2-5 014
Wind power >5 RC
<0.3 0.21
_ 0.3-2 0.20
Biomass
2-5 0.19
>5 RC
Geothermal 019
<0.3 0.22
_ 0.3-2 0.20
Biogas
2-5 0.19
>5 RC

Source: HROTE®*

Note: RC stands for reference price; for each accounting period, plants
that have the incentive price of RC will be paid the amount of currently
valid RC.

On 1)January 2016, a new Law on Renewable Energy Sources
and High-Efficiency Cogeneration came into force and in-
troduced a premium tariff support scheme for these tech-
nologies. The Law aims for the efficient use of energy and
reduction of the impact of fossil fuels on the environment.
It represents the first comprehensive codification of provi-
sions concerning the planning and promotion of renewable
energy sources in the country.®® The Law elaborates in de-
tail the method and conditions for the implementation of
new incentive models consisting of market premiums and
buy-offs at a guaranteed price, setting maximum reference
values and maximum guaranteed buy-off prices, contracting
procedures and setting incentive quotas.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

The legal framework regulating activities for investing in
SHP in Croatia includes the following acts:
+ Act on the Regulation of Energy Activities (Official Ga-
zette Nos. 120/12 and 68/18);
+ Energy Act (Official Gazette Nos. 120/12, 14/14, 102/15
and 68/18);
+ Electricity Market Act (Official Gazette Nos. 22/13,
102/15 and 68/18);
+ Law on Renewable Energy Sources and High-Efficiency
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Cogeneration (Official Gazette Nos. 100/15 and 111/18);
General Administrative Procedure Act (Official Gazette
No. 47/09); and

Other ordinances (rules) and decisions correlated to
the above-mentioned acts.?

Permits required for construction and operation of SHP
plants in Croatia include:

An environmental permit in the case of SHP plants
above 5 MW, predicated on a decision by the Ministry
of Environmental Protection, Physical Planning and
Construction on the need for an environmental im-
pact assessment;

A building permit allowing the construction of the fa-
cility;

An energy permit, which also applies to all facilities
that exploit natural resources, with the exception of
solar power plants integrated into rooftops and walls
of buildings.*

COST OF SMALL HYDROPOWER
DEVELOPMENT

Based on the cost of hydropower plants commissioned in
recent years, the specific investment cost of SHP develop-
ment in Croatia can be estimated to range between EUR 2.2
million and EUR 3.5 million (USD 2.67-4.24 million) per in-
stalled MW.

In 2014, the Pleternica SHP plant was commissioned, with an
installed capacity of 220 kW. The specific investment costs
of the project stood at approximately EUR 3.5 million (USD
4.24 million) per installed MW.* The Velika Suma SHP plant
near the town of Umag was put into trial operation in 2016,
the first in Croatia to be built on a water supply system. The
installed capacity of the plant is 90 kW and the investment
costs were approximately EUR 307,000 (USD 372,000), giving
a specific cost of approximately EUR 3.4 million (USD 412
million) per installed MW.3

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

Besides the premium tariffs discussed above, financial sup-
port for renewable energy projects in Croatia includes, at the
national level, the environmental protection loan scheme
issued by the Croatian Bank for Reconstruction and Devel-
opment (HBOR) and conducted through commercial banks,
as well as financial incentives in the form of interest-free
loans or subsidies offered by the Environmental Protection
and Energy Efficiency Fund (EPEEF). On the international lev-
el, financial support for renewable energy development in
Croatia is offered by the European Bank for Reconstruction
and Development (EBRD) and the European Regional Devel-
opment Fund (ERDF).>
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EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

In addition to the projected shifts in average annual tem-
perature, climate change is expected to impact the hydro-
logical environment in Croatia in several ways. While recent
observations have recorded a marked increase in average
annual precipitation across Croatia, other indicative scenar-
ios project a decrease in precipitation over the long term.
In particular, the United Nations Development Programme
(UNDP) climate projections for Croatia for the period 2070-
2100 predict that relative to the base period (1961-1990),
winter precipitation will increase by 16.5 mm, while sum-
mer precipitation could decrease by as much as 75.6 mm.>¥
While the overall hydrological impact on a geographically
diverse country such as Croatia is difficult to predict, some
estimates expect a decrease in runoff in western Croatia of
10-20 per cent by the middle of the 21% century.®*

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are several barriers to the development of SHP in Cro-
atia, including:

Bureaucratic obstacles in the form of strict EU regu-
lations and the complex structure of state and local
agencies within Croatia responsible for issuing per-
mits for development and operation of SHP plants;
Pressure from the economically important tourism
sector in Croatia to preserve the environmental and
aesthetic integrity of rivers;

Lack of funding due to high upfront costs and long
payback periods;

Difficulties SHP producers face in balancing respon-
sibilities.

Enablers of SHP development in Croatia include:

Proven commitment on the part of the Government to
promote renewable energy in general;

The knowledge base provided by previous studies
that have carefully mapped the SHP potential in the
country.
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Greece

John K. Kaldellis and Panagiotis Triantafyllou, University of West Attica

KEY FACTS

10,715,549 (2020)

131,957 km??

Greece is a peninsular country, with an archipelago (Aegean) containing over 2,500 islands.? The
coastline of Greece, including the islands, measures almost 15,000 kilometres. Greece is one of the
most mountainous countries in Europe, with 80 per cent of its area covered with mountains. The
Pindus Mountain Range stretches across the centre of the country from the north-west to the south-
east, with a maximum elevation of almost 2,650 metres. Central and western Greece features high
and steep peaks intersected by many canyons and other karstic landscapes, including the Meteora
and the Vikos Gorges, the latter being one of the largest in the world, plunging vertically for more
than 1,100 metres. Mount Olympus is the highest point in Greece, rising to 2,919 metres above sea
level.*s

Greece has a Mediterranean temperate climate, with mild, wet winters and hot, dry summers. The
year can be divided into two main seasons: the cold and rainy season, which lasts from mid-October
until the end of March, and the warm and dry season, which lasts from April to October. The coldest
months are January and February, with average minimum temperatures between 5 °C and 10 °C in
coastal areas and between 0 °C and 5 °C in mainland areas. In the northern part of the country, the
winter is much cooler, with temperatures occasionally falling down to -20 °C. In the months of July
and August, the average maximum temperatures range between 29 °C and 35 °C.2*5

Climate change is already being felt in Greece, with extreme heat waves during the summer of 2021
causing maximum daily temperatures to reach 46.3 °C and massive wildfires in different parts of
the country.® Projected changes to mean summer temperatures include increases of 1.5-2.5 °C over
the 2021-2050 period, and of as much as 5 °C by 2100, relative to the baseline period 1961-1990. The
length of dry spells is also projected to increase by as many as 40 additional consecutive dry days
in the central parts of the country by 2071-2100.2

Rainfall in Greece, even during the winter, does not last for many days and winter storms usually
end in mid-February. Average annual precipitation varies from 500 to 1,200 mm in the north-west
and from 380 to 800 mm in the south-east.** The lowest annual precipitation is observed on the
Cyclades islands.

The most important rivers in Greece are the Evros, Nestos, Strimon, Axios, Aliakmon, Penios, Arach-
thos, Acheloos, Sperchios and Alfios. The Acheloos River has a considerable water flow of appro-
ximately 300 m?/s during December, while the flow rate of the Axios is almost 230 m?/s in March.
Finally, the flow rate of the Evros varies between 200 and 220 m?/s from January to March. The total
domestic water resources are estimated at 85 TWh/year, while the annual specific theoretical hydro-
dynamic potential of Greece amounts to 0.73 GWh/km?2. The technically and economically exploita-
ble hydropower potential is estimated at 21 TWh/year.*’

ELECTRICITY SECTOR OVERVIEW

The national Electricity Generation System (EGS) is divid-
ed into two main sectors: the interconnected system of the
mainland, referred to as the Hellenic Electricity Transmis-
sion System (HETS), and the autonomous power plants of
the Aegean Archipelago islands (also known as the Non-In-
terconnected Islands or NllIs).2 With the recent completion
of the first phases of the Cyclades Interconnection project
by the Independent Power Transmission Operator (IPTO) of
Greece, the electrical systems of Paros (including Naxos,
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Antiparos, los, Sikinos, Folegandros), Syros and Mykonos is-
lands are now interconnected with HETS. The majority of the
remaining Aegean islands (including Crete, the rest of the
Cyclades, the Dodecanese and the islands of the north-east-
ern Aegean) are expected to be interconnected with HETS
between 2021 and 2030, starting with the interconnection
of Crete, which is expected to be completed by the end of
2023510
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As of December 2019, the total installed capacity of Greece
was approximately 20,400 MW, comprising the installed ca-
pacity of HETS (18,200 MW) and the installed capacity of the
Nlls, including Crete and Rhodes (2,200 MW). Renewable
energy sources (RES), including wind power, solar photo-
voltaics (PV), large and small hydropower, biomass and
cogeneration, provided 10,1770 MW (50 per cent) of the total
installed capacity, with large hydropower alone providing
3,170 MW (16 per cent) and other RES providing 7,000 MW
(34 per cent). Natural gas-fired power plants operated by
the Public Power Corporation (PPC) and by private compa-
nies provided 4,980 MW (24 per cent); lignite provided 3,350
MW (16 per cent), following the shutdown of the Ptolemais
lignite power plant; and oil fuel-fired power plants, operat-
ed exclusively on the Nlls, provided 1,900 MW (9 per cent)
(Figure 1) By August 2021, the installed capacity of RES
in Greece reached 7,609.2 MW, including 4,059.9 MW of wind
power, 3,196.6 MW of solar power, 247.2 MW of SHP and 105.5
MW of biomass and biogas.”

Figure 1. Installed Electricity Capacity by Source in Greece
in 2019 (Mw)

Other RES NS 7,000
Natural Gas |EEG—G——— 4 930
Lignite N 3,350
Large Hydropower nummmmssmmm 3,170

Oil Fuel N 1,900

Source: Energypedia,” HEDNO™

Annual electricity generation in 2019 reached 37,989.4 GWh,
excluding the interconnections’ energy balance. Natural gas
provided 14,545.4 GWh (38 per cent) of this total, RES (ex-
cluding large hydropower) 10,887.6 GWh (29 per cent), lignite
9,598.1 GWh (25 per cent) and large hydropower 2,958.4 GWh
(8 per cent) (Figure 2)

Figure 2. Annual Electricity Generation by Source in Greece
in 2019 (GWh)

Natural Gas GGG 14,545.4
Other RES G 10,877.6
Lignite | 9,598.1
Large Hydropower [l 2,958.4

Source: IPTO™

Access to electricity in Greece is 100 per cent.® Annual elec-
tricity demand in Greece equalled 42,896.9 GWh in 2019 The
evolution of electricity demand over the last few decades
has been non-linear. The significant increase in Gross Do-
mestic Product (GDP) during 2000-2008 was accompanied by
a corresponding increase in electricity consumption, which
peaked at 57 TWh in 2008. Subsequently, the economic cri-
sis in Greece led to a significant decline in consumer activ-
ity, with electricity demand in 2014 dropping to the level of
2000. Since then, electricity consumption has remained al-
most constant at 2014 levels. Given the continuing economic
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uncertainty, the demand for electricity is not expected to
recover in the near future. However, due to consumption
outpacing domestic generation, imports form a significant
share of the electricity supply, reaching 18 per cent of con-
sumption in 2020.” Imports from the Balkan counties have
increased in recent years, due to the relatively low cost.

In recent years, a series of legislative reforms has been at-
tempted in order to liberalize the state monopoly in the
electricity sector, but the undertaken efforts have not led to
major changes so far. A more significant development has
been the effort to reduce CO, emissions in the energy sector
and promote generation from RES. In line with the European
Union (EU) RES targets, Greece is expected to cover 60 per
cent of its gross domestic electricity consumption from RES
by 2030. At the end of 2020, the RES-sourced share of con-
sumption did not exceed 35 per cent Due to this fact and
the commitments to the European Commission on reduction
of CO, emissions, as well as the increasing environmental
awareness in Greece as a whole, the current political lead-
ership of the Ministry of the Environment and Energy (MoEE)
has increased support for the transition to a more renew-
able electricity generation mix. This has included imple-
menting energy transition development plans in the areas
with lignite-fired power plants (mainly western Macedonia
and the Peloponnese regions). Following the Decarboniza-
tion Master Plan announced by the Government of Greece,
the lignite-fired power plants in Ptolemais and Amyntaio
were decommissioned during 2020, while three additional
lignite plants in Kardia and Megalopoli were to complete the
decommissioning process by the end of 2021, leading to an
aggregate removal of 810 MW of installed capacity from the
Greek electricity system.®

Meanwhile, the RES sector has been experiencing exten-
sive development, including the rapid addition of 2,500 MW
from solar PV power plants during 2011-2013 spurred by high
feed-in tariffs (FITs) for solar power, the support provided
to the construction of large wind farms, particularly on the
islands of the Greek Archipelago, in addition to the planned
undersea interconnection of the islands with the mainland.
Moreover, new investments in the RES sector have been
announced, including a 2 GW cluster of solar power parks,
which have attracted the interest of many European key
players on the market.®

In 2019, the cost of electricity generation was based on
the respective System Marginal Price (SMP) and the price
of electricity to consumers was implicitly controlled by the
Government. The marginal production cost for the intercon-
nected system varied between 50 EUR/MWh (59 USD/MWh)
and 90 EUR/MWh (106 USD/MWh), with an average value
of 60 EUR/MWh (70 USD/MWh). Due to the impact of the
COVID-19 pandemic on the electricity sector in the country,
in the first months of 2020 the average wholesale month-
ly SMP had decreased by more than 20 EUR/MWh (24 USD/
MWh) compared to the analogous period in 2019.°

In the case of electricity production from SHP, the electricity
price ranges between 85 EUR/MWh and 100 EUR/MWh (100-



118 USD/MWh), adjusted every year through a Ministerial
Decree. The average electricity price of SHP in 2020 was 86
EUR/MWh (101 USD/MWh).20

SMALL HYDROPOWER SECTOR
OVERVIEW

SHP is defined in Greece as hydropower plants of up to 15
MW of installed capacity. The installed capacity of SHP in
Greece stood at 247.2 MW as of August 2021, corresponding
to slightly over 1 per cent of the current national power
mix.”® Approximately 120 SHP plants operate in Greece under
official licences, with installed capacities ranging from 60
kW to 10.8 MW.?'?>2 The economically feasible SHP potential
is estimated at 2,000 MW, indicating that only approximately
12 per cent of this potential has been developed. The overall
annual technically feasible hydropower generation poten-
tial in Greece is estimated at 20 TWh.* Relative to the World
Small Hydropower Development Report (WSHPDR) 2019, the
installed capacity of SHP in Greece had increased by ap-
proximately 7 per cent, while the potential estimated SHP
capacity has remained the same (Figure 3).

Figure 3. Small Hydropower Capacities in the WHSPDR
2013/2016/2019/2022 in Greece (MW)
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Source: WSHPDR 2019, DAPEEP® WSHPDR 2013, WSHPDR 2016
Note: Data for SHP up to 15 MW.

In 2009, the installed SHP capacity was approximately 182
MW, indicating a gradual increase of approximately 7 MW
per year and corresponding to a construction of 5-10 new
SHP plants annually. The same year, only 95 MW out of the
total installed SHP capacity corresponded to projects with
a capacity of more than 5 MW, while 37 MW were composed
of mini- and micro-hydropower projects with an installed
capacity of less than 1 MW.22223

Annual electricity production from SHP increased from 153
GWh in 2005 to 754 GWh in 2010 and has experienced mod-
erate fluctuation in subsequent years. In 2020, generation
from SHP decreased to 540 GWh due to the prevalent dry
weather conditions. The evolution of annual generation
from SHP plants between 2005 and 2020 is displayed in Fig-
ure 4.2 The estimated average load factor of SHP projects
varied between 25 per cent in 2020 and 35 per cent in 2019,
almost twice the corresponding value of large hydropower
plants in the same period.

Figure 4. Annual Small Hydropower Generation in Greece
between 2005 and 2020 (GWh)
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Source: Sakellari et al.*

A large portion of the water resources in Greece is concen-
trated in the western and northern parts of the mainland,
along with the majority of existing hydropower plants in-
cluding SHP plants. Large numbers of SHP plants in Greece
are located in Central Macedonia (exploiting the abundance
of rivers in the region) and Epirus (owing to its rugged ter-
rain), as well as in Western Greece. As of December 2020,
54.0 MW of SHP were installed in Central Macedonia, 46.9
MW in Epirus, 47.6 MW in Western Greece, 32.9 MW in Sterea
(Central Greece), 27.9 MW in Thessaly, 24.8 MW in Western
Macedonia, 6.2 MW in the Peloponnese and approximately
4.7 MW in East Macedonia-Thrace, Attica and Crete. 2?22

The national SHP installed capacity target for 2030 is 350
MW. As of 2020, new SHP projects awaiting implementation
in Greece totalled 70 MW. The total SHP installed capacity
was expected to increase by approximately 10 MW by the
end of 2021.728 A partial list of existing SHP plants in Greece
is displayed in Table 1, while lists of selected ongoing SHP
projects and potential SHP sites are displayed in Tables 2
and 3, respectively.

Table 1. List of Selected Existing Small Hydropower Plants
in Greece

Location Municipality ~ Capacity (MW)
Aiakmonas (Makrochor) Veroia 10.80
Exodos Siraggas Leontariou Sofades 10.00
River Louros Arta 8.70
Exodos Siraggas Mornou Delfoi 8.50
SHP Paliouri Zitsa 7.40
SHP Klimatias Zitsa 7.40
Kleideres of Rema Platanias Argithea 6.85
Eleoussa Chalkidona 6.60
Bridge Floka Alfeios Ancient Olympia 6.59
River Acheloos - Army Region Agrinio 6.20
River Glafkos - Zoupata Patra 5.50

Souliou
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Location Municipality — Capacity (MW)
Roufrachti - Kerkini Irakleia 5.00
River Smiksiotikos Grevena 4.95
River Inachos Makrakomi 4.50
IFiiavr?gr,:-\;isakmonas - Abbey of Kozani 420
River Kalamas Filiata 4.20
Rema Malakassiotiko Meteora 418
Asprorema Almopia 410
Gkoura (Smiksi - Plagia - Agia Central Tzoumer-

Triada) ka 3.90
River Glafkos - Roufraktis Patra 3.70

Source: Greek Association of Small Hydropower Plants,?*? DAPEEP?

Table 2. List of Selected Ongoing Small Hydropower
Projects in Greece

Location Municipality Capacity (MW)
River Louros - Preveza Arta 8.70
Makrochori Il Apostolos Pavlos 4.84
Smokovo Il Tamasio 3.20
Vermio Veroia 1.80

Source: Greek Association of Small Hydropower Plants,” DAPEEP?

Note: Data as of 2021

Table 3. List of Selected Potential Small Hydropower Sites
in Greece

. L Potential

Location Municipality capacity (MW) Status

Ladonas Gortynia 10.00 Feasibility study
completed

Kalamas  Souli and Filiata 5.80 Feasibility study
completed

Ilarionas N/A 4.00 Feasibility study
completed

Chelidonou Achames - Thra- 123 N/A

komakedones
Psyttaleia Piraeus 0.35 N/A

Source: Greek Association of Small Hydropower Plants,” DAPEEP%

Note: Data as of 2021

RENEWABLE ENERGY POLICY

The Government of Greece supports the expansion of RES in
the domestic energy balance, in line with the EU policy on
decarbonization. However, the targets established as part of
this policy have been ambitious and often poorly planned,
including the rapid expansion of large-scale wind power and
solar power (an additional capacity of 640 MW and 930 MW,
respectively, by the end of 2021). Owning to issues stemming
from the current poor infrastructure of electricity networks
and the negative social reactions to the establishment of
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large wind farms, some of the aforementioned targets may
be jeopardized.?

Stemming from the fact that by the end of 2017 the installed
capacity of solar power had reached almost 2,650 MW, ex-
ceeding the capacity targets previously set for 2020, the
Government of Greece decided to limit the uncontrolled
dynamics of the domestic RES market by both reducing dra-
matically the electricity purchase price (which in 2012 was
0.5 EUR/kWh (0.6 USD/kWh)) and impose a retroactive tax of
30 per cent on revenues from solar PV plants for the years
2012 and 2013.2 In this context, the enthusiasm of the Gov-
ernment for the further development of water resources for
hydropower use also decreased, as large hydropower faced
persistent negative reactions from local communities and
SHP was not considered capable of significantly altering the
foundations of the national energy mix.2®

In 2016, the Parliament of Greece approved a new law (Law
4414/2016) on the RES sector. The new law allows feed-in
premium (FIP) schemes, competitive tenders and virtual net
metering. While virtual net metering was allowed for any
type of RES, access to it was limited to certain institutions
such as city and regional councils, educational institutions,
farmers and farming associations.*® The previously active
FIT scheme closed on 31 December 2015 and was replaced
by the aforementioned law. The Government additionally
granted priority to RES with regards to the use of the grid.

Law 4425/2016, regulating the MoEE alongside other Minis-
tries, was amended by Law 4512/2018 with provisions es-
tablishing the following four markets: the wholesale market
of forward electricity products (renamed the “energy finan-
cial market”), the Day-Ahead market, the Intraday market
and the Balancing Market. Another key provision of the
amended law was the establishment of the Hellenic Energy
Exchange (“HEnEx”). Under this framework, the wholesale
electricity market model (referred to as the “target mod-
el”) was introduced, aiming to gradually harmonize different
national electricity markets so that a unified EU electricity
market can be realized. The final stage of the integration
of RES units into the target model in Greece was expected
to begin at the end of 2021. Under the provisions of Law
4512/2018, the IPTO will be responsible for managing the
markets and balancing the system in real time, preparing
the ground for new energy trading procedures and having
a significant impact on the methods used to calculate final
electricity costs.”

COST OF SMALL HYDROPOWER
DEVELOPMENT

Although SHP projects in Greece are not associated with sig-
nificant environmental problems or negative social reaction
as is often the case with large hydropower plants, there is
also no significant state support for SHP development.®? The
initial development cost of an SHP plant ranges from 0.8
million EUR/MW to 1.5 million EUR/MW (0.94-1.76 million
USD/MW) with the typical price corresponding to 1 million



EUR/MW (117 million USD/MW).333 |n its turn, the relevant
annual operation and maintenance (O&M) cost is estimated
at approximately 1-2 per cent of the corresponding turnkey
cost for SHP plants with an installed capacity under 10 MW.

During the previous decade, state subsidies for SHP projects
accounted for up to 40 per cent of the initial capital for new
SHP projects.® Nowadays, although there are still state in-
centives for the implementation of new SHP projects, prices
for the purchase of electricity produced from SHP are low.
However, SHP projects are still considered a financially effi-
cient investment option, as attested to by the current high
investment interest.

EFFECTS OF CLIMATE CHANGE ON
SMALL HYDROPOWER DEVELOPMENT

During dry years the generation of electricity from SHP
in Greece has fluctuated considerably and has been on a
decreasing trend since 2018 despite the growth of total in-
stalled SHP capacity. However, the future impact of climate
change on Greece is uncertain. Although the length of the
dry season is expected to increase over the course of the
next century by as many as 40 additional days, the volume
of surface runoff is also projected to increase by 16-30 per
cent.? Greater instability in the water supply to hydropower
plants can thus be expected. Additionally, hydropower de-
velopment is already facing significant negative attention
from local communities and environmental groups and is
likely to fall under increased scrutiny if access to water re-
sources becomes less secure, especially in cases of com-
peting priorities in water resources allocation such as the
Acheloos water transfer project.?

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Some of the major factors decelerating expansion of SHP in
the electricity market of Greece include the following:

+ Lengthy administrative procedures for obtaining the
licensing required for SHP construction, usually taking
up to three years;

« The absence of an integrated national water man-
agement plan, which allows stakeholders competing
for water resources with hydropower to use informal
means and political influence to secure their access to
these resources at the expense of SHP;

+ Lack of interest in investment in SHP from large de-
velopers due to low profit margin; development is
thus driven primarily by small companies which face
challenges including limited budgets, expertise and
knowledge of the SHP sector.

The main enabling factor for SHP development in Greece
is the substantial undeveloped SHP potential, especially
in certain regions of the country. Policy developments that
could support the realization of this potential include the
adoption of a careful and fair national water management
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plan that would balance the interests of all stakeholders in
the water use sector, as well as integrated strategic plans for
the development of SHP cascades on a single water course,
which would allow for economies of scale to increase the
economic efficiency of the construction of each individual
site and attract the interest of large investors and devel-
opers.
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60,244,639 (2019)'

302,068km?2?

The territory of Italy is mostly mountainous. The Alps form the northern boundary of the country
and the Apennine Mountains stretch north to south along the length of the Italian Peninsula. The
largest plain is the Po Valley (71,000 km?) and the highest peak is Mont Blanc (4,810 metres above
sea level).?

Northern Italy experiences cold winters and hot and humid summers. Winters in central Italy are
milder, while very hot summers and very mild winters predominate in the south and on the islands.
Average temperatures are from 3 °C (north) to 14 °C (south) in January and from 28 °C (north) to 30
°C (south) in July.?

An increase in temperature of up to 2 °C over the period 2021-2050, relative to the period 1981-2010,
is expected due to climate change. In the worst-case scenario, the temperature increase may reach
5 °C. Summer precipitation will decrease in the central and southern regions, whereas intense pre-
cipitation events are projected to increase. Across all scenarios, the number of hot days and periods
without rain will increase.*

Mean annual rainfall in Italy is approximately 1,000 mm. The highest values occur in the north-east
(>2,500 mm). On the islands and in the south, the rainfall rarely exceeds 500 mm per year.?

There are approximately 1,200 rivers in Italy, but they are generally shorter than in other European
countries due to the relatively small distance between the mountains and the sea. All rivers have
catchments entirely within the country. The longest river is the Po (652 km). Other water sources are
glaciers in the Alps.?

ELECTRICITY SECTOR OVERVIEW

Total net installed electricity capacity in Italy amounted
to 116,383.1 MW as of 2020, with thermal power accounting
for 60,395.7 MW (52 per cent of the total), hydropower for
22,695.0 MW (20 per cent), solar power for 21,650.0 MW (19
per cent), wind power for 10,870.6 MW (9 per cent) and geo-
thermal power for 771.8 MW (1 per cent) (Figure 1).5

Figure 1. Installed Electricity Capacity by Source in Italy in
2020 (Mw)

Thermal Power 60,395.7
Hydropower
Solar Power
Wind Power

Geothermal Power

Source: Terna®

Net electricity generation in 2020 equalled 271,648.0 GWh,
including 173,890.1 GWh (64 per cent of the total) from ther-
mal power, 48,951.8 GWh (18 per cent) from hydropower,
24,551.0 GWh (9 per cent) from solar power, 18,608.2 GWh (7
per cent) from wind power and 5,646.9 GWh (2 per cent) from
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geothermal power (Figure 2).6 Small hydropower (SHP) (0-10
MW) accounted for approximately 26 per cent of gross hy-
dropower generation in 2020. Over the last decade, hydro-
power generation has fluctuated considerably, from a high
of 58,545.4 GWh in 2014 to a low of 36,198.7 in 2017

Figure 2. Annual Electricity Generation by Source in Italy in
2020 (GWh)

Thermal Power 173,890.1
Hydropower
Solar Power
Wind Power

Geothermal Power

Source: Terna®

Minimum and maximum grid load observed in 2020 reached
17,896 MW and 55,166 MW, respectively.® The maximum annu-
al grid load in recent years has moved from the winter peri-
od to summer, due to the increasing use of air conditioning
in the summer. Electricity consumption in 2020 amounted to
283,814.5 GWh, exceeding generation. Imports of electricity
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the same year totalled 39,789.9 GWh. Domestic consumption
was dominated by the industrial sector at 125,417.3 GWh
(44 per cent of the total), followed by the service sector at
85,875.0 GWh (30 per cent), the domestic sector at 66,211.6
GWh (23 per cent) and the agriculture sector at 6,310.5 GWh
(2 per cent) (Figure 3).6 Access to electricity in Italy is 100
per cent.” However, the existing transmission and distribu-
tion networks suffer from congestion at several points. With
transmission and distribution losses in 2020 amounting to
approximately 3 per cent of gross generation, investments
are needed to improve the aging energy infrastructure in or-
der to increase the efficiency and resilience of the networks
and to secure power supply for users.®

Figure 3. Share of Electricity Consumption by Sector in Italy
in 2020 (%)

2%

M Industry

M Service

[ Domestic
Agriculture

44%

30%

Source: Terna®

As a result of liberalization of the energy market, the pro-
duction, transmission and distribution of electricity In Ita-
ly are managed by different companies. These sectors are
regulated by the Authority of Electricity and Gas (AEEG, Law
481/1995) and competition is encouraged. Terna S.p.A. is the
Transmission System Operator (TSO) and owns 99.7 per cent
of the National High-Voltage Transmission Grid, which spans
72,844 kilometres. Since 2014, 11 other companies have been
involved in low-voltage grid management at the regional
scale. The number of companies generating electricity stood
at 16,109 in 2020, an increase of over 3 per cent relative to
the 15,579 generation companies operating in 2019. Finally,
12 large companies are active in the distribution subsector.
In particular, E-distribuzione S.p.A. accounted for both the
largest share of electricity provided to domestic and indus-
trial users (85 per cent) and the share of users provided with
electricity (85 per cent).®

The regulated wholesale electricity market in Italy was in-
troduced in 2004. The electricity market, commonly called
the Italian Power Exchange (IPEX), enables producers, con-
sumers and wholesale customers to enter into hourly elec-
tricity purchase and sale of contracts. The market, regulated
by the Energy Market Manager (GME), mainly consists of the
Day-Ahead Market (MGP) where electricity for the following
day is traded, the intraday auction market (MI) based on
seven sessions and a platform for ancillary services (MSD)
in collaboration with the TSO. In 2019, retail electricity prices
in Italy for domestic users were on average 233 EUR/MWh
(270.6 USD/MWh) and 96 EUR/MWh (111.5 USD/MWh) for in-
dustrial users."
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The long-term plans of Italy for the development of the en-
ergy sector are focused on the reduction of reliance on fos-
sil fuels for electricity production and improving the secu-
rity of the energy supply, which in the case of Italy is highly
sensitive to the global political instability (for example, the
Libyan civil war resulted in a 32 per cent reduction of oil im-
ports by Italy from Libya). Consequently, the diversification
of energy sources and the promotion of renewable energy
sources (RES) are key national objectives.

SMALL HYDROPOWER SECTOR
OVERVIEW

Italy is one of the three major producers of hydropower in
Southern Europe. The development of hydropower in Italy
in the 20* century was dominated by the construction of
conventional plants that rely on large dams (reservoir-type
hydropower), which induce changes in the landscape and
significant alteration of river flow. However, conventional
reservoir-type hydropower plants are close to saturation
in the country. The remaining unexploited hydropower po-
tential is thus mainly represented by SHP and by the mod-
ernization of the existing plants, including reservoir-type
plants, in order to satisfy the targets of the Integrated Na-
tional Energy and Climate Plan.”® The SHP sector has become
increasingly important during the last decade thanks to
government policies that have fostered the installation of
new SHP plants and have resulted in an expansion of SHP
development exceeding expectations.

SHP plants in Italy are classified according to their minimum
and maximum capacity:

Micro-hydropower: P < 0.1 MW;

Mini-hydropower: 0.1 MW < P < 1 MW;

SHP: 1 MW < P <10 MW.

The gross hydropower generation potential in Italy, cal-
culated on the basis of hydrological and topographical fac-
tors, is estimated at approximately 200 TWh/year, of which
38 TWh/year is accounted for by SHP. Net hydropower po-
tential, based on technical and economic feasibility of hy-
dropower development as well as the potential of existing
plants, is estimated at approximately 50 TWh/year, which is
also the annual hydropower generation target set by the Na-
tional Energy Strategy of Italy (2017) for 2030. This goal will
be realized primarily by supporting the renovation of large
hydropower plants (some of which were built 100 years ago)
as well as the construction of SHP plants Estimates of the
technical SHP generation potential range between 12.5 TWh
and 20 TWh, while potential SHP capacity, including current-
ly operational plants, is estimated at 7,073 MW.>

As of 2020, there were 3,271 micro- and mini-hydropower
(up to 1 MW) plants in operation in Italy with a cumulative
installed capacity of 9021 MW, in addition to 922 SHP (1-10
MW) plants with a cumulative installed capacity of 2,746.3
MW. The total installed capacity of all SHP plants up to 10
MW in 2020 was thus 3,648.4 MW, indicating an increase of
approximately 2 per cent over the previous year’s total of
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Table 1. List of Selected Existing Small Hydropower Plants
in Italy

Source: Frosio Next™

Gestore dei servizi energetici S.p.A (GSE) is the organization
responsible for regulating the RES sector in Italy. Among
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SHP plants were authorized, for a total installed capacity of
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One of the ongoing trends in SHP development in Italy is
the installation of hydropower plants on water distribution
networks, especially in aqueducts. In 2020, 24 SHP plants to
be installed on aqueducts were authorized for construction,
with a total installed capacity of 3.26 MW.2° A list of several
plants authorized for construction on aqueducts in 2020 is
provided in Table 3.

also not expected to expand despite the significant un-
exploited potential, with wind and solar power likely to
take the lead in RES development in the coming years.

Table 4. Feed-in Tariffs for Small Hydropower Plants in
Italy in 2019

Category Feed-in tariff in EUR/MWh  Duration
Table 3. List of Selected Ongoing Small Hydropower (Usp/mwh) (years)
Projects in Italy Run-of-river plants:
) o 1< P <400 kW 115 (118) 20
Location Capacity  Plant Developer Authorization
(rW) type p year 400 < P < 1,000 kW 110 (133) 25
Magasa 436 Ague-  Comune di 2020 P > 1,000 kW 80 (97) 30
duct Magasa .
Reservoir plants:
Aque-  Comune di
Berzo Demo 49.95 duct berzo Demo 2020 1< P <1,000 kW 90 (109) 25
Aque- P > 1,000 kW 80 (97) 30
Erice 54.00 duct Siciliacque spa 2020
uc Source: GSE*
. Aque- Comune dila
La Thuile 64.70 duct Thuile 2020
. At the same time, Italy has been and remains a global cen-
Aque- Comune di Civ- . .
Salbeltrand  79.00 2020 ter of research on hydropower, with a particular focus on

duct io Lombardia

Source: GSE*

Note: As of 2020.

SHP growth in Italy has been driven by comprehensive feed-
in tariffs (FITs) introduced in 2008, set at 0.22 EUR/kWh (0.26
USD/kWh) for 15 years, with subsequent modifications.? For
hydropower plants up to 1 MW, the FIT is an alternative to
Green Certificates (GC), while hydropower plants above 1
MW receive both the incentive and the GC.*2 The GC, which
conventionally certifies the production of 1 MWh of renew-
able energy, is issued by the GSE at the request of the owner
of a plant powered by an RES and is a negotiable share with
a value of 1 MWh. These incentives have been effective at
promoting the construction of new SHP plants. However, the
Government of Italy, which has borne the financial cost of
these incentives, has recently started a gradual reduction
of FITs for SHP.

The current FITs are set by the Renewable Energy Source
(FER) Decree of 2019. While the FIT rates under the new de-
cree are significantly lower compared to the previous rates
(a reduction of between 15 per cent and 65 per cent depend-
ing on the installed capacity), the duration of the contract is
longer by 5-15 years, providing additional security to poten-
tial investments. The FIT rates for SHP under the new decree
are provided in Table 4.

Although it is still an important source of electricity, sub-
stantial additional development of hydropower in Italy
is not expected in the coming years. The Government's
plan for large hydropower mainly involves the refurbish-
ment of existing plants. Construction of new large plants
is constrained by the absence of suitable sites and by
the extensive environmental impact expected from such
projects, which is difficult to mitigate in a densely-popu-
lated country such as Italy. Likewise, SHP development is
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SHP. Due to the wide-spread diffusion of old mills, research
on water wheels has been very active at the Polytechnic
University of Turin, and water wheels have proven to be
effective and fish-compatible hydropower converters for
very low-head sites, typically below 30 kW??, For high-head
sites, the research conducted at the University of Padua
is worth mentioning on Pelton turbines, while studies on
Cross Flow turbines have taken place at the University of
Palermo.»?¢ The hydrological aspects of hydropower op-
eration, eco-hydraulic studies on fish passages and plant
sustainability are also under investigation at various insti-
tutions.”?8? Efficient and innovative technologies are also
being developed by private companies, especially for SHP
plants on low-head sites and aqueducts. Examples include
the VLH turbine and the Mariucci turbine.?

Several research projects ongoing as of 2021 include the RI-
BES project on river flow regulation and fish behaviour in
hydropower contexts and the RELAID project on dams. The
University of Perugia is cooperating with industry on sed-
iment dilution studies, while the University of Salerno is
testing rainwater-powered pico-Pelton turbines to be used
for domestic purposes (Rain Eco Power).” Finally, the Uni-
versity of Naples is working on the REDAWN project focused
on turbines in water distribution networks.*

The expansion of the RES sector as a whole, in line with the
European Union (EU) and international targets, may prove
beneficial to system integration (between electricity, hy-
dropower and gas systems in particular), which should be
implemented on a trial basis, including with a view to re-
searching the most efficient long-term storage methods for
renewable energy. The National Energy and Climate Plan
(NECP) of Italy estimates that the number of permanent
staff in the field of hydropower development is likely to
grow from 15,294 in 2017 to 16,380 in 2030."



RENEWABLE ENERGY POLICY

In 2019, Italy submitted a 10-year Integrated NECP under
the terms of EU Regulation 2018/1999 on the Governance
of the Energy Union and Climate Action. Based on its NECP,
Italy intends to accelerate the transition from traditional
fuels to RES by promoting the gradual phasing out of coal
for electricity generation in favour of an energy mix based
on a growing share of RES and, for the remainder, gas-fired
thermal power®® Making this transition a concrete reality re-
quires the planning and construction of replacement plants
and the necessary infrastructure.

Italy is committed to the reductions of greenhouse gas
emissions, agreed to at the EU and the international lev-
el. For those sectors covered by the EU Emissions Trading
System (EU ETS)—primarily the thermoelectric sector and
energy-intensive industries—measures adopted in pursuit
of emissions reduction include the phasing out of coal by
the end of 2025, contingent upon replacement plants and
necessary infrastructure being constructed on schedule, a
high CO, allowance price and a significant acceleration of
RES deployment and energy efficiency measures in manu-
facturing processes.” The CO, allowance price on the EU ETS
reached 65 EUR/ton (75.5 USD/tonne) in October 2021, more
than doubling its value since October 2020.** The high car-
bon price provides a competitive advantage to hydropower
and other RES in Italy as these technologies are associated
with reduced greenhouse gas emissions and are thus ex-
empt from carbon taxation.

Moreover, RES will play an important role in reaching the
goal of reducing CO, emissions by 40-70 per cent by 2050
compared to the 2010 emissions levels. This target was es-
tablished at the G7 summit in June 2015 and is expected to
lead to the decarbonization of the economy of Italy over the
course of the following decades. The target share of energy
from RES in the gross final consumption of energy in Italy by
2030 is 30 per cent for the economy as a whole and 22 per
cent for the transport sector, with the goal of entirely elimi-
nating fossil fuels in electricity production by 2050.”

The FER Decree of 2019 divides power plants that can access
incentives into four groups based on the plant type, RES
type and category of intervention:

+ Group A includes the new construction, full recon-
struction, reactivation or enhancement of on-shore
wind farms as well as newly-built solar photovoltaic
(PV) systems;

+ Group A-2 includes newly built solar PV systems whose
modules are installed to replace roofs of buildings
and rural structures;

+ Group B includes new (greenfield) hydropower plants,
those undergoing complete reconstruction (excluding
plants on aqueducts) and the reactivation or upgrad-
ing of plants utilizing gas residues from purification
processes;

+ Group Cincludes plants subject to total or partial re-
furbishment: on-shore wind farms, hydropower plants
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and plants utilizing gas residues from purification
processes.”

There are two different ways of accessing the incentives de-
pending on the power of the plant and the group to which
it belongs:
 Registration on a priority list: plants with an installed
capacity greater than 1 kW (20 kW for solar PV) and
less than 1 MW belonging to Groups A, A-2, B and C
must be registered on a priority list;
 Participation in auctions: plants with an installed
capacity greater than or equal to 1 MW belonging
to Groups A, B and C must participate in auctions,
through which the quota of available power is as-
signed in accordance with incentive levels.

An annual capacity threshold for incentives for hydropower
of 80 MW has been introduced.”

There are two different incentive mechanisms, depending
on the power of the plant:

+ The All-inclusive Tariff (TO) consisting of a single tariff,
corresponding to the tariff due, which also remuner-
ates the electricity collected by the GSE;

« An Incentive (1), calculated as the difference between
the tariff due and the hourly energy price, since the
energy produced remains available to the operator.

For power plants up to 250 kW, it is possible to choose one
of the two modes, with the possibility of switching from one
mode to the other no more than twice during the entire in-
centive period. Plants with a power capacity greater than
250 kW, on the other hand, can only access the Incentive (1)
mechanism.?

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

SHP plants with a capacity larger than 100 kW are required
to undergo a Strategic Environmental Assessment (SEA).3*
The Decree on Fisheries of 1931 sets the main regulato-
ry framework for aquafauna in Italy, but is rarely applied.
In line with this law, additional protections regulating the
impact of hydropower on aquafauna are set by provincial
governments rather than the national Government.® For ex-
ample, the Piedmont Province, where many SHP plants are
located, has comprehensive regulations requiring all weirs
and barrages to be equipped with fish passes.*

COST OF SMALL HYDROPOWER
DEVELOPMENT

The cost of construction for SHP plants in Italy typically
range from 3,000 EUR/KW to 11,700 EUR/kW (3,463.5- 13,507.5
USD/kW). Cost for small projects (up to 1,000 kW) is typi-
cally much higher per kW than for larger projects with an
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installed capacity of several MW or above, particularly with
regard to personnel costs.”’ Construction costs can be re-
duced by retrofitting and repowering existing structures.®®

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

According to models of future climate change, the hydro-
power potential in Italy is projected to decrease due to
lower precipitation and water availability. Studies predict
reductions in generation potential of 22 per cent by 2070 rel-
ative to the beginning of the 21t century, as well as a 30 per
cent reduction in summer runoff in the Italian Alps between
2016 and 2065 and a consequent reduction of generation
by run-of-river plants of approximately 3 per cent over the
same time horizon.*®*® Nevertheless, this decreasing trend
is expected to be compensated for by additional generation
realized through the refurbishment of existing plants. While
Italy is expected to remain a key regional player in providing
ancillary services, this role will be mainly fulfilled through
reliance on its extensive pumped hydropower capacity.*°

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The main barriers to SHP development in Italy include the
following:

The recent adoption of the new FER Decree of 2019
has significantly decreased FITs for SHP compared to
2016. Payback periods have consequently been ex-
tended, which is likely to discourage investors.

The authorization process in Italy takes 2-3 years on
average. Permits (water concessions, construction
licenses, etc.) are granted by different departments.
Moreover, there is no substantial difference between
the water concession for SHP and for large hydropow-
er plants. Finally, the recent introduction of a thresh-
old on the annual installed capacity (and consequent-
ly the ranking procedure for competitive plants) has
further slowed down the authorization process.
Social mobilization against SHP is increasing in Ita-
ly, especially in the northern part of the country (the
Alps). Even though the impact of SHP on aquatic eco-
systems and local communities is smaller compared
to large dams, it is not insignificant when the ratio
of generated power to impact is taken into account,
as well as the cumulative impact of SHP cascades lo-
cated along a single watercourse There are examples
of new SHP plants that have been stopped or whose
construction was delayed because of this opposition.

Enabling factors for SHP development in Italy include:

A well-developed incentive system, albeit with re-
duced benefits;

Untapped small hydropower potential, e.g. at existing
barriers, old mills and in aqueducts;

Extensive local industrial and scientific capacity for
innovative SHP projects;
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Despite the recent negative perception of SHP among
some parts of the population, many examples of sus-
tainable SHP projects exist in Italy, such as the re-
habilitation of historic mills, and the installation of
SHP plants on existing structures such as previously
non-powered dams, water distribution networks and
navigation locks, that significantly reduce any addi-
tional impacts. There are likewise examples of SHP
projects that have generated benefits and income
flows for local communities, such as those in the Valle
Maira (Piedmont) region.*®

Given the recent expansion of SHP plants in Italy and the
disturbance on riverine ecosystems, an emphasis must be
placed on combining the energy/financial needs of various
stakeholders with environmental preservation. The SHP
technology is likely to gain a higher social value in the next
decades if the environmental and hydrological footprint as-
sociated with the hydropower exploitation of surface water
takes a higher priority in civil infrastructure planning. Fur-
thermore, the hidden potential in existing infrastructures
and facilities should be considered.”

REFERENCES

National Institute of Statistics (ISTAT) (2019). Press release:
national demographic balance. Available at https://www.
istat.it/en/archivio /245600 (Accessed 1 October 2021).
National Institute of Statistics (ISTAT) (2020). Total

area. Available at http://dati.istat.it/Index.aspx?Query-
Id=37449&lang=en (Accessed 2 October 2021).

UNIDO, ICSHP (2019). World Small Hydropower Develop-
ment Report 2019. United Nations Industrial Development
Organization, Vienna, Austria; International Center on
Small Hydro Power, Hangzhou, China. Available at www.
unido.org/WSHPDR.

EurekAlert (2020). Climate: risks and future strategies in
Italy. Available at https://www.eurekalert.org/news-releas-
es /724127 (Accessed 3 October 2021).

Terna (2020). Impianti di generazione 2020. Available at
https://www.terna.it/it/sistema-elettrico/statistiche/
pubblicazioni-statistiche [in Italian] (Accessed 3 October
2021).

Terna (2020). Dati Generali 2020. Available at https://
www.terna.it/it/sistema-elettrico/statistiche/pubblica-
zioni-statistiche [in Italian] (Accessed 3 October 2021).
Terna (2020). Produzione 2020. Available at https://www.
terna.it/it/sistema-elettrico/statistiche/pubblicazi-
oni-statistiche [in Italian] (Accessed 3 October 2021).
Terna (2020). Carichi 2020. Available at https://www.
terna.it/it/sistema-elettrico/statistiche/pubblicazi-
oni-statistiche [in Italian] (Accessed 3 October 2021).
World Bank (n.d.). Access to electricity (% of population) -
Italy. Available at https://data.worldbank.org/indicator/
EG.ELC.ACCS.ZS?locations=IT (Accessed 3 October 2021).
Italian Regulatory Authority for Energy, Networks and Envi-
ronment (ARERA) (n.d.). Dati statistici. Available at https://
www.arera.it/it/dati/elenco_dati.htm [in Italian] (Accessed
3 October 2021).

10.



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Italian Regulatory Authority for Energy, Networks and
Environment (ARERA) (2020.). Prezzi medi finali a clienti
domestici per tipo di mercato e classe di consume. Avail-
able at https://www.arera.it/it/dati/eep258.htm [in Italian]
(Accessed 14 October 2021).

Italian Regulatory Authority for Energy, Networks and Envi-
ronment (ARERA) (2020). Prezzi finali dell’energia elettrica
per i consumatori industriali - Ue a Area euro. Available at
https://www.arera.it/it/dati/eepcfr2.htm [in Italian] (Ac-
cessed 14 October 2021).

Ministry of Economic Development (2019). Integrated
National Energy and Climate Plan. https://ec.europa.eu/
energy/sites/default/files/documents/it_final_necp_main
en.pdf (Accessed 3 October 2021).

Ministry of Economic Development (2017). Strategia Ener-
getica Nazionale 2017. Available at https://www.mise.gov.
it/images/stories/documenti/Testo-integrale-SEN-2017.pdf
(Accessed 11 January 2022)

UNIDO, ICSHP (2016). World Small Hydropower Develop-
ment Report 2016. United Nations Industrial Development
Organization, Vienna, Austria; International Center on
Small Hydro Power, Hangzhou, China. Available at www.
unido.org/WSHPDR.

UNIDO, ICSHP (2013). World Small Hydropower Development
Report 2013. United Nations Industrial Development Or-
ganization, Vienna, Austria; International Center on Small
Hydro Power, Hangzhou, China. Available at www.unido.
org/WSHPDR.

Joint Research Center (JRC) (2019). JRC Hydro-power da-
tabase. Available at https://data.europa.eu/data/data-
sets/52b00441-d3e0-44€0-8281-fdag6a63546d?locale=en
(Accessed 15 October 2021).

Frosio Next (2021). Unpublished internal data on new hy-
dropower plants in Italy.

Gestore dei Servizi Energetici (GSE) (n.d.). Graduatorie.
Available at https://www.gse.it/servizi-per-te/fonti-rin-
novabili/fer-elettriche/graduatorie [in Italian] (Accessed 5
October 2021).

Gestore dei Servizi Energetici (GSE) (n.d.). Graduatorie Reg-
istri Bando 2-3 D.M. 04/07/2019, Gruppo B, Tabella A. Avail-
able at https://www.gse.it/servizi-per-te/fonti-rinnovabili/
fer-elettriche/graduatorie [in Italian] (Accessed 15 October
2021).

Gestore dei Servizi Energetici (GSE) (2019). Incentivi DM
04/07/2019. Available at https://www.gse.it/servizi-per-te/
fonti-rinnovabili/fer-elettriche/incentivi-dm-04-07-2019 [in
Italian] (Accessed 6 October 2021).

Ministry of Economic Development (2016). Decreto inter-
ministeriale 23 giugno 2016 - Incentivi fonti rinnovabili
diverse dal fotovoltaico. Available at https://www.mise.
gov.it/index.php/it/normativa/decreti-interministerial-
i/2036874-decreto-interministeriale-23-giugno-2016-incen-
tivi-fonti-rinnovabili-diverse-dal-fotovoltaico [in Italian]
(Accessed 6 October 2021).

Quaranta, E. & Revelli, R. (2018). Gravity water wheels as a
micro hydropower energy source: A review based on his-
toric data, design methods, efficiencies and modern opti-
mizations. Renewable and Sustainable Energy Reviews, 97,
414-427.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

41

Quaranta, E., & Wolter, C. (2021). Sustainability assessment
of hydropower water wheels with downstream migrating
fish and blade strike modelling. Sustainable Energy Tech-
nologies and Assessments, 43, 100943.

Cavazzini, G., Houdeline, . B., Pavesi, G., Teller, O. & Ardiz-
zon, G. (2018). Unstable behaviour of pump-turbines and
its effects on power regulation capacity of pumped-hydro
energy storage plants. Renewable and Sustainable Energy
Reviews, 94, 399-409.

Sinagra, M., Sammartano, V., Arico, C., Collura, A. & Tuccia-
relli, T. (2014). Cross-Flow turbine design for variable oper-
ating conditions. Procedia Engineering, 70, 1539-1548.
Rotilio, M., Marchionni, C. & De Berardinis, P. (2017). The
small-scale hydropower plants in sites of environmental
value: An Italian case study. Sustainability, 9(12), 2211.
Basso, S. & Botter, G. (2012). Streamflow variability and
optimal capacity of run-of-river hydropower plants. Water
Resources Research, 48(10).

Quaranta, E., Katopodis, C., Revelli, R., & Comoglio, C.
(2017). Turbulent flow field comparison and related suit-
ability for fish passage of a standard and a simplified

low - gradient vertical slot fishway. River Research and
Applications, 33(8), 1295-1305.

Quaranta, E., Bonjean, M., Cuvato, D., Nicolet, C., Dreyer, M.,
Gaspoz, A, ... & Bragato, N. (2020). Hydropower Case Study
Collection: Innovative Low Head and Ecologically Improved
Turbines, Hydropower in Existing Infrastructures, Hydro-
peaking Reduction, Digitalization and Governing Systems.
Sustainability, 12(21), 8873.

Viccione, G., Nestico, A., Vernieri, F. & Cimmino, M. (2019,
July). A Pilot Plant for Energy Harvesting from Falling Water
in Drainpipes. Technical and Economic Analysis. In Interna-
tional Conference on Computational Science and Its Appli-
cations (pp. 233-242). Springer, Cham.

Carravetta, A., Del Giudice, G., Fecarotta, O. & Ramos, H.M.
(2012). Energy production in water distribution networks: a
PAT design strategy. Water Resources Management, 26(13),
3947-3959.

Trading Economics (n.d.). EU Carbon Permits. Available at
https://tradingeconomics.com/commodity/carboni:~:tex-
t=EU%20Carbon%20Permits%20is%20expected,73.63%20
iN%2012%20months%20time (Accessed 15 October 2021).
Ministry of Ecological Transition (n.d.). Operational guide-
lines for the SEA Screening Procedure. Available at https://
va.minambiente.it/en-GB/ps/Comunicazione/Indicazion-
iOperativeVAVAS (Accessed 15 October 2021).

Government of Italy (1931). Regio Decreto 8 ottobre 1931,

n. 1604. Approvazione del testo unico delle leggi sulla
pesca. Available at https://www.gazzettaufficiale.it/eli/
id/1932/01/23/031U1604/sg [in Italian] (Accessed 15 Octo-
ber 2021).

Turin Provincial Council (2000). Criteri tecnici per la proget-
tazione e la realizzazione dei passaggi artificiali per l'ittio-
fauna. Available at http://www.cittametropolitana.torino.
it/cms/risorse/natura/dwd/pdf/fauna_flora/passaggi_it-
tiofauna.pdf [in Italian] (Accessed 15 October 2021).
Politecnico di Milano (2013). Costi di produzione di energia
elettrica da fonti rinnovabili. Available at https://www.
autorita.energia.it/allegati/docs/13/RappPolitecnicoRinn.

3d0d¥N3 NJIIHLNOS



WORLD SMALL HYDROPOWER DEVELOPMENT REPORT 2022

38.

39.

40.

41.

pdf [in Italian] (Accessed 8 October 2021).

Lehner, B., Czisch, G. & Vassolo, S. (2005). The impact of
global change on the hydropower potential of Europe: a
model-based analysis. Energy Policy, 33(7), 839-855.

Patro, E. R., De Michele, C. & Avanzi, F. (2018). Future per-
spectives of run-of-the-river hydropower and the impact
of glaciers’ shrinkage: The case of Italian Alps. Applied
Energy, 231, 699-713.

International Hydropower Association (IHA) (2020). Hy-
dropower Status Report: Sector trends and insights. IHA
Central Office, United Kingdom. Available at https://
hydropower-assets.s3.eu-west-2.amazonaws.com/publica-
tions-docs/2020_hydropower_status_report.pdf (Accessed
8 October 2021).

Quaranta, E., Bodis, K., Kasiulis, E., McNabola, A., & Pistoc-
chi, A. (2022). Is There a Residual and Hidden Potential for
Small and Micro Hydropower in Europe? A Screening-Level
Regional Assessment. Water Resources Management, 36(6),
1745-1762.

42



Montenegro

(%]
(=}
S
Goran Sekuli¢, University of Montenegro T
2
5
KEY FACTS 3
622,028 (2019)
13,810 km??2

The northern part of Montenegro is dominated by high mountains, descending through the central
part with large depressions, ending in a coastal plain varying in width from several hundreds of me-
tres to several kilometres from the coast. The lowest part of the central inland area are the valleys
of the Zeta River, comprising the Zeta-Bjelopavlici Plain. The Tara River Gorge is the lowest canyon
in Europe, with a depth of 1,300 metres. The mountain ranges in the north include 37 peaks with
heights above 2,000 metres. One of the highest peaks is the Bobotov Kuk, reaching 2,523 metres.?

The southern region of Montenegro has a Mediterranean climate, with hot and dry summers and
relatively rainy winters. The central and northern regions have the characteristics of a mountainous
climate, although the influence of the Mediterranean Sea is also evident. The highest average tem-
perature is in July with 18.9 ©C and the lowest is in January with -1.5 9C.3

Climate projections indicate that by 2040, the annual temperature will increase by 1.5-2 °C throug-
hout the country. By 2070, the average annual temperature will rise by up to 3 °C, while the projected
increase by 2100 is 5.5 °C. The annual average rainfall is expected to decrease, especially during the
summer months, coupled with an increase in precipitation in the winter months in some parts of
the country. It is expected that by 2070 the average annual rainfall will be reduced by 20 per cent
over the entire territory.?

Annual precipitation across the country is very irregular, ranging from approximately 800 mm in the
far north to approximately 5,000 mm in the far south. The mean annual precipitation in the country
is 1138 mm. Rainfall is the highest in November, with an average of 123 mm. It is the lowest in August,
with an average of 66.3 mm.*

The main rivers within the Adriatic Sea basin are the Moraca, Zeta, Cijevna and Bojana; and within
the Danube River basin they are: the Piva, Tara, Lim, Ibar and Cehotina. The largest onshore surface
water body is Lake Skadar, which is shared between Montenegro and Albania.*

ELECTRICITY SECTOR OVERVIEW

The main energy resources used in Montenegro for produc-
ing electricity are hydropower and thermal power from coal,
with some wind power capacity as well. According to the
latest report from the Energy Regulatory Agency, in Mon-
tenegro there was 1,028.7 MW of installed capacity in 2019.
Of the total, hydropower plants accounted for 683.7 MW of
installed capacity, thermal power for 225.0 MW, wind power
for 118.0 MW and solar power for 2 MW (Figure 1).5%7 Since
2013, installed capacity increased by 96.0 MW. The hydro-
power capacity comes from two large plants, Piva (342 MW)
and Perucica (307 MW), as well as 23 small hydropower (SHP)
plants (34.7 MW).

In 2018, the production of electricity amounted to 3,743.90
GWh, which is in the highest level reached within the pre-
vious 10-year period. Compared to the average generation
achieved over the past decade, electricity generation in
2018 increased by almost 21 per cent. This resulted in a 15
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per cent higher generation than planned, with hydropower
exceeding the planned generation by almost 22 per cent.
In 2018, renewbale generation made up 61 per cent of the
toal, including 57 per cent (2,138.14 GWh) from hydropower.3
In 2019, electricity generation reached 3,381.8 GWh, of which
59 per cent was from renewable energy sources (Figure 2).

Figure 1. Installed Electricity Capacity by Source in
Montenegro in 2019 (MW)

Hydropower 683.7

Thermal Power 225.0
Wind Power 118.0

Solar power | 2.0

Source: Energy Regulatory Agency,>” Balkan Green Energy News®
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Figure 2. Annual Electricity Generation by Source in
Montenegro in 2019 (GWh)

Hydropower 1,697.4

Thermal Power 1,390.1

Wind Power 294.3

Source: Energy Regulatory Agency’

Montenegro has a 100 per cent electrification rate. As a can-
didate country for the European Union (EU) accession and a
contracting party of the Energy Community Treaty, it has an
obligation to follow EU policy for energy and environment.
The Energy Law (2016) is fully in line with the Third Energy
Package, as well as its bylaws.®

The main electricity generator in Montenegro is Elektro-
privreda Crne Gore (EPCG). In July 2017, a former strategic
partner with the Government, Italian company A2A, initiated
a withdrawal procedure by exercising the put option after
its contract expired on 1 July 2017. The Government decided
to purchase A2A shares, increasing its ownership stake to
88.6 per cent in total. In 2009, Crnogorski elektroprenosni
sistem (CGES) was established, becoming the independent
transmission system operator, and in 2016 the Crnogorski
elektrodistributivni sistem (CEDIS) was established, becom-
ing the independent distribution system operator. This has
unbundled the transmission and distribution responsibili-
ties from EPCG.

The electricity network of Montenegro consists of transmis-
sion and distribution capacities, which include: high (HV),
medium (MV) and low voltage (LV) power lines, as well as
transformer stations. The transmission system consists of
110 kV facilities, 110/x kV substations, 110 kV lines, as well as
facilities, substations and lines of voltage level higher than
110 kV. A 375 km-long High Voltage Direct Current (HVDC) un-
dersea electricity cable was put into operation at the end of
December of 2019 (Trans-Balkan Corridor Project).® It con-
nects Italy and Montenegro through converter stations on
both coasts and 400 kV overhead lines in Montenegro. Fur-
thermore, interconnection lines to Serbia and Bosnia and
Herzegovina are under construction. The realization of the
HVDC undersea electricity cable project enabled a 400 kv
line ring to be formed, which will contribute to the safe-
ty and stability of the transmission system and relieve the
110 kV voltage level system. The structure and geographic
disposition enable good connections with the neighbouring
systems of Serbia (two 220 kV lines and one 110 kV line),
Bosnia and Herzegovina (one 400 kV line, two 220 kV lines
and two 110 kV lines), Albania (one 400 kV line and one 220
kV line) and Kosovo (one 400 kV line).”

Due to the complexity and large area occupied by the distri-
bution system, the Montenegro territory is divided into sev-
en regions. The distribution system consists of 35 kV facili-
ties, 35/x kV substations and 35 kV lines, as well as facilities,
substations and lines of lower voltage levels. According to
the data available for 2019, the total length of the distribu-
tion network was 19,561.4 km. The distribution system is in its
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final phase of replacement of the old electricity meters with
smart meters, which can provide a real-time data exchange
with the data centre. Additionally, the reconstruction of a LV
network is ongoing. As a result, the electricity losses from
the distribution network (complete losses, technical and so-
called commercial losses) are steadily decreasing, from 15.6
per cent in 2016 to 13.2 per cent in 2019

The electricity market of Montenegro was opened based on
the decisions of the Energy Regulatory Agency (RAE) and
the Energy Law of 2003. Since 2017, the electricity prices for
small customers and households are determined by the En-
ergy Law of 2016 (Table 1). All other customers must either
buy electricity from the market or choose a supplier. The
retail price for distributed consumer categories is calculat-
ed based on the active electricity, the engagement of the
transmission and distribution capacities, the transmission
and distribution network losses, as well as fixed fees for the
electricity system operators. RAE is responsible for setting
the allowed revenue for the system operators and prices re-
lated to the network charges.

In 2019, the average realized price of electricity, which in-
cludes the fee for encouraging renewable energy sources
for customers connected to the distribution system, was
0.091 EUR/kWh (0.11 USD/kWh) (excluding VAT). On 1 June
2019, the Government passed a decree on a fee for stimu-
lating the production of electricity from renewable sources
and highly efficient cogeneration, which abolished the fee
for encouraging renewable energy sources for customers
whose consumption is less than 300 kwh.’

Table 1. Regulated Electricity Tariffs in Montenegro as
Defined by Energy Law of 2016

Consumption category Price (EUR/kWh (USD/

RWh))
35 kv 0.05 (0.06)
10 kv 0.07 (0.09)
Distribution customers at 0.4 kV whose 0.0 (0.12)
power is measured
Distribution customers at 0.4 kV whose 0.08 (0.10)
power is not measured, two-tariff
measurements
Distribution customers at 0.4 kV whose 0.0 (0.12)

power is not measured, one-tariff
measurements

Source: Electricity Regulatory Agency™_

SMALL HYDROPOWER SECTOR
OVERVIEW

In Montenegro, SHP is defined as hydropower plants with
installed capacity of less than 10 MW. At the end of 2019
there were 23 SHP plants in operation, from which 7 are 30
or more years old and 16 were built in the last 10 years. As a
result, in 2019, the overall installed SHP capacity was 34.74
MW with annual generation of 80.34 GWh.” Compared to the



World Small Hydropower Development Report (WSHPDR)
2019, the installed capacity increased by approximately 37
per cent, with the change being due to recently concluded
36 concession contracts for 55 new SHP sites (Figure 3). A
total of EUR 13 million was put aside for these contracts in
2018, with a further EUR 30 million allocated for 2019.° The
potential capacity figure compared to the WSHPDR 2016 and
WSHPDR 2019 has remained unchanged.

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Montenegro (MW)

Potential
Capacity

Installed
Capacity

240.0

Il WSHPDR 2022
W WSHPDR 2019
I WSHPDR 2016

WSHPDR 2013

Source: Energy Regulatory Agency,”’ WSHPDR 2013," WSHPDR 2016,

WSHPDR 2019%

The development of the power system in Montenegro in the
20th century, in addition to the construction of large power
plants, was marked by the construction of SHP plants. Since
2013, after a break of almost 24 years, a new stage of inten-
sive SHP construction has begun with the introduction of
incentive measures for the use of renewable energy sources
(Table 2). From then until the end 0f 2019, 16 SHP plants were
put into operation, which increased the total projected utili-
zation of the hydropower potential of smaller watercourses
to approximately 0.108 TWh.* Fifty-five further SHP projects
are under development (Table 3).

Table 2. List of Selected Operational Small Hydropower
Plants in Montenegro

Ca-
Loca- pac- Head Plant Tl."- Launch
Name . . bine Operator
tion ity (m) type Ve year
N DOO
Bistrica .. 2X
Ma- Bijelo 5 ¢ gog.5 Run-of- . Hydro 554
istrovina Polje river . Bistrica
) Podgorica
o . DOO Nord
seremet Andri- o 4q g5 RUN-OF 1X poooy An- 2018
Potok jevica river Pelton — ~.27.
drijevica
. . DOO Igma
Pisevska Andri- 4 oo 365 RUN-Of- X b0 o an- 2017
rujeka jevica river Pelton ~ ~.>7.
drijevica
. DOO Kro-
Babino  pay 221 1743.5 RUNOT X0 pod- 2017
polje river Pelton .
gorica
DOO Hi-
droenergi-
Sekular Berane 1.68 1198.5 KU X hon- 2016
river Pelton
tenegro
Podgorica
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Ca-

Tur-
Name cha- pac- Head Plant bine Operator Launch
tion ity (m) type tvpe year
Run-of- 2x DOOKro-
Jara Plav 4.56 2232.7 . nor Pod- 2016
river Pelton .
gorica
DOO Hi-
droenergi-
Bistrica Berane 5.60 164 Run of- jaMon- 2015
river Pelton
tenegro
Podgorica
DOO Hi-
droenergi-
RmuS  Berane 047 194 RUNOF X o uon 2015
river Pelton
tenegro
Podgorica
DOO Hi-

. droenergi-
spalie-  porane 0.65 105 KU X o nons 2015
vici 1 river Pelton

tenegro
Podgorica
DOO Hi-
droenergi-
Orah Berane 0.95 110 Ru'n of- 1x jaMon- 2015
river Pelton
tenegro
Podgorica
DOO Hi-
droenergi-
Jelovica 2 Berane 0.62 45 Run of- 1x jaMon- 2015
river Pelton
tenegro
Podgorica
. s DOO Syn-
Vrelo  BUCO g5 gu3y RUN-OF X o orbod- 2015
Polje river Pelton .
gorica
. s DOO Igma
Bradavec And_n 0.95 250 Ru.n of- 3x Energy An- 2015
jevica river Pelton driievi
rijevica
DOO Hi-

i droenergi-
JezerSti- b orane 0.84 360 RUNOF X T Mon- 2014
ca river Pelton

tenegro
Podgorica
Lijeva  Pod- 10 4q0,g RUN-OF oy EPCGAD o5
rijeka gorica river Niksic
Cavnik  Savnik 020 26 RUNOFponcs EPCGAD o0
river Niksic
DOO Zeta
Glava Dani- Run-of- Energy
Zete lovgrad 448 2215 river Kaplan Dani- 1955
lovgrad
DOO Zeta
Dani- Run-of- Energy
Slapzetelovgrad 171 7 river Kaplan Dani. 1952
lovgrad
Rijeka v olagin 195 160 RU1OT peiton EPCGAD 1450
Musovica river Niksic
. . 1X Mi-
Rijeka Rijeka e _
Croje- Crnoje- 0.65 25 Run-of- chell- EPCGAD ., o
.. . river 0Oss-  NikSic
vica vica
berger
Mi-
Podgor Cetinje 0.48 Run-of- chell- EPCGAD ,
river Oss-  Niksic
berger

Source: Sekulic™
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Table 3. List of Selected Ongoing Small Hydropower
Projects in Montenegro

Stage
Ca- of
Loca- pac- Head Plant Tl.”- Devel- Planned
Name ~,. . bine launch

tion ity (m) type : oper vel-

(M) ype year op-

ment

Vrbni- Pluni- 6.50 251 Run- X MHE 2021 70%
ca ca of- Pelton Vrbnica
river DOO

Jelovi- Be- 315 180 Run- 1x Hi- 2020 90%
cal rane of- Pelton droen-
river ergija
Monte-
negro
DOO

Mo- An- 178 113 Run- 1x Small 2020 90%
janska drije- of- Pelton Hydro
1 vica river Power
Plant
Kutska
DOO

Kuts- An- 166 815 Run- X Small 2020 90%
ka1  drije- of- Cross- Hydro
vica river flow Power
Plant
Kutska
DOO

Mo- An- 110 10 Run- 1x Small 2020 90%
janska drije- of- Pelton Hydro
2 vica river Power
Plant
Kutska
DOO

Source: Sekulic™

As detailed in the Energy Development Strategy until 2030,
EPCG is planning to undertake reconstruction of existing
SHP plants with a combined capacity of 11.4 MW. The Strat-
egy includes data from the 2001 Water Master Plan, which
estimates the overall theoretical hydropower potential of
Montenegro to be between 10.6 TWh and 10.8 TWh and the
technical potential between 5.0 TWh and 5.7 TWh.? Howev-
er, upon taking data from the previous on-site hydrometric
measurements at locations on small rivers into account, it
appears that these data are an underestimation. By 2014,
three series of one-year measurements were finished at
approximately 40 locations on 35 rivers!® The programme
continues and today hydrometric measurements are ongo-
ing. The state of the hydrometric measurement network is
continuously improving in terms of the number of automat-
ic stations and the quality of the equipment. Therefore, it is
expected that the estimated hydropower potential on indi-
vidual water streams will become more reliable.

Under the National Renewable Energy Action Plan (NREAP)
objectives, it was intended that by 2020, the installed capac-
ity of SHP plants would amount to a total of 97.5 MW, with an
annual generation of 287 GWh (Table &). This would require
a 280 per cent increase compared to the current installed

SHP capacity. With the newly approved reconstruction proj-
ects expected to increase the installed SHP capacity to 94.8
MW, the country is close to achieving this objective.” Given
the lack of accurate data on the total SHP potential of the
country, the current chapter uses the 97.5 MW target as the
minimum estimate of available SHP potential.

Table 4. National Goals for the Construction of Small
Hydropower up to 2020 in Montenegro

Plant size Capacity (MW) Generation (GWh)
<1MW 11.2 35
1-10 MW 86.3 252
Total 97.5 287

Source: Ministry of Economy™

RENEWABLE ENERGY POLICY

The existing generation portfolio relies on hydropower and
coal, however, the Strategy for Energy Development in Mon-
tenegro up to 2030 foresees intensive usage of wind power,
solar power and biomass as well as other renewable energy
sources as a priority. Hydropower is planned to remain the
dominant source, with wind power contributing significant-
ly as well. Moreover, the NREAP up to 2020 was adopted in
2014, taking into account the Energy Community Ministerial
Council Decision D2012/04/MC-EnC, which obliged Monte-
negro to adopt the Renewable Energy Directive 2009/28/EC
and establish a national target of 33 per cent of the total
energy consumption and 51.4 per cent of the total electricity
consumption from renewable energy sources by 2020.? The
NREAP also defines the targets for different types of renew-
able energy. Installed capacity from the hydropower plants
was planned to total 826 MW by 2020, with an annual gener-
ation of 2,050 GWh.?

In Montenegro, electricity from renewable sources is sup-
ported through a feed-in tariff (FIT). The operators of plants
that generate electricity from renewable sources can obtain
the status of a privileged producer and thereupon acquire
the right to a price support for the generated electricity un-
der the legal requirements. Every year in January, a new in-
centive fee is adopted, which is applied to the end custom-
ers, who bore the costs from renewable energy sources. The
amount of the incentive fee to encourage the production of
electricity from renewable energy sources and cogeneration
in 2018 was 0.0047 EUR/kWh (0.0057 USD/kWh). The Ener-
gy Market Operator (COTEE), who is legally obliged to buy
electricity from privileged producers, pays the incentive for
a period of 12 years after having concluded a formal agree-
ment. The exact amount is determined in the Tariff System
Decree and mainly depends on the type of renewable ener-
gy technology.?



SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

In order to improve and accelerate the authorization pro-
cess for the renewable energy sources, a new and simple
procedure for authorizing the construction of SHP plants
with an installed capacity of up to 1 MW was established.
The FITs for SHP are based on the annual electricity genera-
tion and favour the construction of smaller facilities (Table
5). The same flat rate FIT is also implemented for the refur-
bished SHP plants.™

Table 5. Feed-in Tariffs for Small Hydropower Plants in
Montenegro

Power at plant's exit (P,,) Incentive price (EUR/RWh

(UsD/kwh))
P < MW 0.10 (0.13)
1<P, <3 MW 010 (013)-(0.7* P,,)
35P, <5MW 0.09 (0.11)-(0.24 * P,)
55 Py <8MW 0.08 (0.10)~(0.18 * P, )

8 <P, <10 MW 0.07 (0.08)

Source: Ministry of Economy'

Note: The first column represents the installed capacity reduced by
losses from the turbine, generator and transformation. The second
column shows the incentive price calculated based on the power at the
plant’s exit.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Climate change will modify the seasonality of inflows and
the annual volumes of water exploitable for hydropower
generation in Montenegro, which will affect the manage-
ment and revenue of hydropower plants. A decrease in the
water balance in all river basins in Montenegro has been
observed, and further reduction of rainfall and snowfall will
drastically affect the availability of surface waters. By the
end of the 21 century, the average annual flow is expected
to decrease by 27 per cent. Adaptation measures should fo-
cus on the application of an integrated approach to water
resources and systems management and on strengthening
cross-sectoral planning and activity.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Despite the measures and actions undertaken by the Gov-
ernment to improve the legislative and developmental pro-
cesses for SHP, many obstacles for developing an attractive
environment for investment still remain.

Grassroots activists in Montenegro have campaigned
against hydropower, which has led to the Government en-
tering into negotiations on the termination of contracts for
the construction of seven SHP plants in four northern mu-
nicipalities. Furthermore, corruption allegations have been
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brought forward against the Prime Minister, President as of
the moment of writing of this chapter, who signed a conces-
sion for the construction of an SHP plant to the company
owned by his son.?

The following points summarize the main barriers to SHP
development that have been identified:

+ Public opposition against hydropower, including SHP,
due to environmental consequences;

+ Government negotiations to terminate SHP contracts
in response to public opposition;

+ Recent corruption allegations regarding SHP conces-
sion contracts;

+ No accurate data available on potential water flow
and site capacity;

+ Complex procedure for obtaining opinions and per-
mits from numerous relevant state institutions;

+ Complicated procedure of connecting to the electrici-
ty distribution network, as well as an increase in costs
in the cases when the connection point is located very
far from the power plant.°?

The following points summarize the main enablers for SHP
development in Montenegro that have been identified:
+ The need for increased security of electricity supply;
+ Rise of a competitive energy market in the country;
+ Potential for job creation in the less developed parts
of the country through SHP projects;
+ The need to increase energy efficiency.
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North Macedonia

Sotir Panovski and Gordana Janevska, University St. Kliment Ohridski

KEY FACTS

2,976,255 (2019)"

25,713 km?2

North Macedonia is a landlocked country, located in the Balkan Peninsula in South-Eastern Europe.
It has a mountainous territory covered with deep basins and valleys. The country is bisected by the
Vardar River; there are also three large lakes, each divided by a frontier line. The highest point is
Mount Korab at 2,753 metres above sea level and the lowest point lies at 50 metres above sea level
at the Vardar River.

The climate of North Macedonia is transitional from Mediterranean to continental. It is characterized
by warm and dry summers and autumns (June-October), with July and August being the warmest
months with temperatures exceeding 40 °C in some regions. Winters (December-February) are re-
latively cold with heavy snowfall. The coldest month is January with an average temperature of 0.3
°C. Average annual temperatures range from less than 0 °C in January to 20 °C in July and August.?

North Macedonia, as a signatory to the United Nations Framework Convention on Climate Change,
has agreed to provide information on its nationally defined contributions to the objectives of the
Paris Agreement.* The new methodology will integrate climate change into the new spatial plan.® It
is projected that the average temperature in North Macedonia will increase by 1.0 °C in 2025, 1.9 °C
in 2050, 2.9 °Cin 2075 and 3.8 °C in 2100, while precipitation is expected to decrease by 3 per cent in
2025, 5 per cent in 2050, 8 per cent in 2075 and 13 per cent in 2100 in comparison with the 1961-1990
period.®

Average annual precipitation varies between 1,700 mm in the western mountainous region and 500
mm in the eastern part of the country. The wettest months are November, December, April and May.?

In North Macedonia, there are four river basins (the Vardar, Crn Drim, Strumica and South Morava)
and three natural lakes (Ohrid, Prespa and Dojran). There are 21 large reservoirs and 120 smaller
reservoirs and artificial lakes. The water level in these surface waterbodies mainly depends on pre-
cipitation and snowmelt.’ The National Hydrometeorological Service performs hydrometric measu-
rements and observations of surface waters using 110 hydrological stations.’

ELECTRICITY SECTOR OVERVIEW

Electricity production in North Macedonia mainly originates  Figure 1. Installed Electricity Capacity by Source in North
from lignite and large hydropower. In 2019, the total in-  Macedonia in 2019 (MW)
stalled capacity stood at 2,088 MW, including almost 50 per

cent from thermal power, over 33 per cent from hydropower,

Thermal Power I 1,034

almost 14 per cent from combined heat and power plants, Hydropower I 698
less than 2 per cent from wind power, 1 per cent from solar Combined 287

photovoltaics (PV) and less than 0.5 per cent from biogas

Heat & Power
Wind Power [ 37

and biomass combined (Figure 1). Compared to 2018, the to-

tal installed capacity increased by 10.9 MW.?

Solar Power [§ 24
Biogas | 7
Biomass | 0.6

Source: ERC®

Electricity generation in 2019 totalled 5,658 GWh. Thermal
power plants contributed over 58 per cent, hydropower 21
per cent (including 263 GWh from small-scale plants), com-
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bined heat and power plants almost 18 per cent, wind power
less than 2 per cent, biogas 1 per cent and solar PV 0.5 per
cent (Figure 2).8 North Macedonia is also dependent on im-
ports for its electricity supply. In 2019, 24 per cent of elec-
tricity supply (1,826 GWh) was imported from four neigh-
bouring countries: Serbia, Bulgaria, Greece and Albania.
In 2019, 20 traders/suppliers imported electricity in North
Macedonia. The Hungarian Electricity Market (HUPX) is con-
sidered a reference market for comparing the movements
of the wholesale electricity market in North Macedonia. In
2019, the average import price was 54.7 EUR/MWh (64.3 USD/
MWh).8

Figure 2. Electricity Generation by Source in North
Macedonia in 2019 (GWh)

Thermal Power 3,293

Hydropower

Combined
Heat & Power
Wind Power

Biogas

Solar Power

Source: ERC®

The most important renewable resource in North Macedo-
nia is hydropower, with large hydropower accounting for 28
per cent of total installed capacity and small hydropower
(SHP) for 5 per cent. The share of wind power in the coun-
try’s energy mix will increase in the future, adding to the
current capacity of 36.8 MW from Bogdanci, the first wind
park in the country. Electricity generation from solar power
plants is also increasing. Finally, several biogas plants are
also in operation with a total installed capacity of 6.99 MW.8

Construction of the following hydropower projects is
planned: Galiste (78 MW) by 2035, Globocica Il (20 MW) by
2035, Veles (96 MW) by 2030, Gradec (75 MW) by 2030, Ce-
bren (458 MW) by 2029, Vardar Valley SHP 1 plants (45 MW) by
2025, Vardar Valley SHP 2 plants (152 MW) by 2030 and other
SHP projects (135-160 MW) by 2021. By 2040, additional ca-
pacities of 86 MW of wind power, 13 MW of biomass thermal
power and 92.5 MW of SHP (including those under construc-
tion or with the status of a temporary preferential producer)
will be built under the feed-in tariff system (FIT).

The electrification rate in North Macedonia is close to 100
per cent with some remote areas still lacking access to the
grid. The distribution grid is operated by EVN Macedonia,
which, according to the Energy Law, is responsible for grid
development and upgrading.

As a candidate country for the European Union (EU) mem-
bership and a contracting party in the Energy Community,
North Macedonia is committed to applying the EU Commu-
nity Acquis in domestic legislation. Thus, the Energy Law ad-
opted in 2018 transposed the EU Third Energy Package in the
electricity and natural gas sector, as well as the Renewable
Energy Directive.®
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In 2019, the electricity market of North Macedonia was ful-
ly liberalized. On the electricity market, in accordance with
the Energy Law, two new entities appeared, namely the
EVN HOME DOO Skopje responsible for providing electricity
supply as a universal service, and the MEMO DOOEL Sko-
pje entrusted with the organization and management of the
electricity market.® Electricity transmission is performed by
the state-owned Electricity Transmission System Operator
(MEPSO). The electricity transmission system connects the
larger production capacities and the country’s two electric-
ity distribution systems. The power transmission network
operates at the 400 kV and 110 kV voltage levels. Electric-
ity distribution is performed by two separate legal entities,
with the distribution network covering the following voltage
levels: 110 kV, 35 kV, 20 kV, 10 kV, 6 kV and 0.4 kV.8

The support for renewable energy sources will continue to
develop in line with the Directive 2009/28/EC, which is trans-
posed with the adoption of the Energy Law and by-laws. The
Energy Law contains requirements for a competitive bidding
process for FITs, which will enable support for renewable
energy producers and market integration of renewable en-
ergy sources.’ The strategy foresees further development of
the distribution system network to integrate more renew-
able energy sources, as well as continuous improvement of
the network reliability.

The electricity market reform implemented in 2019 enabled
all consumers to freely choose an electricity supplier at
prices and tariffs approved by the Energy Regulatory Com-
mission.t Average electricity rates are shown in Table 1.

Table 1. Average Electricity Selling Prices in North
Macedonia

Average selling price (USD/RWh)

Tariff type

2018 2019 2021
Consumers - 35 kV 0.044 0.043 0.093
Consumers - 10(20) kv 0.051 0.050 0.093
Other | level 0.059 0.057 0.075
Other Il level 0.170 0.170 0.182
Households 1T 0.087 0.087 0.059
Households 2T 0.080 0.080 0117

Source: ERC3"

SMALL HYDROPOWER SECTOR
OVERVIEW

North Macedonia defines SHP as hydropower plants with an
installed capacity of 10 MW or less.

In 2019, the installed capacity of SHP in North Macedonia
was 111.43 MW (5.34 per cent of the total installed capacity)
from a total of 101 plants generating 263 GWh.® Out of the
total number of SHP plants, 90 sell the produced electricity
at the FIT, while the remaining 11 plants sell the produced



electricity on the electricity market. SHP currently accounts
for 16 per cent of the total installed hydropower capacity.?
Compared to the World Small Hydropower Development
Report (WSHPDR) 2019, the installed capacity decreased by
14 per cent, whereas the potential decreased only slightly,
both changes being based on more accurate data (Figure 3).

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in North Macedonia (MW)

258.0

Potential 260.0

Capacit 260.0
P v 250.0

111.4 M WSHPDR 2022

Installed 130.0 @ WSHPDR 2019
Capacity [ WSHPDR 2016
WSHPDR 2013

Source: ERC,® Republic Committee for Energy,” WSHPDR 2013,* WSHPDR
2016, WSHPDR 2019%

In 2007, a concession for the construction of SHP plants in
North Macedonia began, with approximately 120 SHP proj-
ects signed until 2021. The concessions for the use of wa-
ter for electricity generation are based on the DBOT model
(Design-Build-Operate-Transfer). In accordance with tender
documentation, water concessions are granted for a period
of 23 years beginning on the day of signing of a concession
agreement. The concessionaire has the right to apply for an
extension of the concession period. The projects include
the Vardar Valley SHP 1 project consisting of multiple SHP
plants with a combined expected capacity of 45.0 MW (start
year 2025), the Vardar Valley SHP 2 project with a combined
expected capacity of 152.5 MW (start year 2030) as well as
other SHP projects started in 2019 for a total SHP capaci-
ty (including existing plants) of a maximum of 135-160 MW
(Table 2). Additionally, the capacity of the water supply sys-
tems could be used for SHP development if justified based
on economic and technical aspects.’

Table 2. Most Recently Commissioned Small Hydropower
Plants in North Macedonia

Ca- .
Name Location pacity H(fs)d Tutrbl:e Operator Laz';ih
Topolka MHE Topolki
315 Caska 2160 214 Pelton Dooel Skopje 2020
Topolka  Caska 2.880 226 Pelton MHE ToPOlki 500
Dooel Skopje
Make- Actuel en-
Kovacka 23 donski 0.990 123 Francis ergy group 2020
Brod DOO Skopje
Make- Actuel en-
Kovacka 22 donski 0.504 98 Francis ergy group 2020
Brod DOO Skopje
Make- Actuel en-
Kovacka 21 donski 0.504 100 Francis ergy group 2020
Brod DOO Skopje

51

Ca- .
Name Location pacity H(fﬁ)d Tutrb::e Operator Laiz::h
Topolka . MHE Topolki
317 Caska 1.997 126 Francis Dooel Skopje 2019
Filternica  Bitola 0408 52 Francis © o028V 519
Bitola
Dovledjik Bitola 0472 63 Francis © U280 5h1g
Bitola
MHEC Super nuova
Odrenska Tetovo 0.360 166 Pelton energy DOO 2019
reka 106 Tetovo
MHEC Super nuova
Odrenska Tetovo 0.360 135 Pelton energy DOO 2019
reka 105 Tetovo
MHEC Lukar
MHE Lu- Kava~ 550 95 Francis DOOEL Kava- 2019
kar 3 darci .
darci
MHEC Lukar
MHE Lu- Kava~ 4550 94 Francis DOOEL Kava- 2019
kar 2 darci .
darci
MHEC Lukar
MHE Lu- Kava~ 4550 95 Francis DOOEL Kava- 2019
kar 1 darci .
darci
MHE Ga-
brovska  Tetovo 1.800 390 Pelton NOTd EMEr8Y Hqpq
group DOO
reka
MHE . . MHE Padiska
Padiska 14 Gostivar 0.480 103 Francis DOO Skopje 2019
Konska Actuel en-
184 Gevgelija 0.990 113 Francis ergy group 2018
DOO Skopje
MHE Energomont-
Recica i Ohrid 0.720 123 Francis MZT-DOO 2018
Grmesnica Bitola
MHE .
Vranovska Caska 0792 144 Francis " TOPOISKI 5q
DOO Skopje
reka 312
Energomont-
MHE 267~ itola 0.800 152 Francis MZT-DOO 2017
Semnica .
Bitola
MHE so . .
Hidroenergi-
r.b. 115 na Cucer 0.293 95 Francis jas. Batinci 2017
Banjans- Sandevo L
Kar Studenicani

Source: Republic Committee for Energy,”? ERC'®

The Government of North Macedonia has supported the
construction of SHP plants as a renewable energy source
through FITs (Table 3).”
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Table 3. Feed-in Tariffs for Small Hydropower in North
Macedonia

Monthly quantity of distributed FIT (EUR/RWh (USD/

electricity (RWh) kRWh))

< 85,000 0.120 (0.14)
> 85,000 and < 170,000 0.080 (0.09)
> 170,000 and < 350,000 0.060 (0.07)
> 350,000 and < 700,000 0.050 (0.06)
>700,000 0.045 (0.05)

Source: Ministry of Economy™

SMALL HYDROPOWER PROJECTS
AVAILABLE FOR INVESTMENT

A study of SHP potential in North Macedonia was conducted
in 1982. Its findings suggest the possibility to construct 406
SHP plants with a total installed capacity of 258 MW, with in-
dividual capacities ranging from 50 kW to 5 MW and an aver-
age annual electricity generation of 1,094 GWh. This study, in
fact, serves as a technical base for granting concessions for
SHP construction in North Macedonia.? Of the listed sites,
approximately 100 are under concession. Table 4 shows a
sample of five SHP sites from this study.

Table 4. List of Selected Small Hydropower Sites Available
for Development

Name Location Potent% Mc/;lpacity H((:s)d Tyspﬁeof
Bela reka Crna reka 2.340 200 New
Satoka Crna reka 0.645 115 New
Gradeshka Crna reka 0.522 93 New
Gradeshka Crna reka 1.000 144 New
Buturica Crna reka 1135 208 New

Source: Republic Committee for Energy™

RENEWABLE ENERGY POLICY

Increase of the share of renewable sources in the country’s
energy mix and improvement of energy efficiency are two of
the key strategic goals set by the Government for the energy
sector.®"° The support for renewable energy will continue
to develop in line with the Directive 2009/28/EC, which was
transposed with the adoption of the Energy Law.° The share
of renewable sources in total electricity production in 2019
was projected to reach 23.9 per cent, however, the actual
share for that year stood at 24.2 per cent.®

North Macedonia ratified the Paris Agreement and is also
converting its legislative and regulatory framework accord-
ing to the EU 2030 Climate and Energy Framework. The In-
tended Nationally Determined Contribution (INDC) of North
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Macedonia includes reduction of CO, emissions from fossil
fuel combustion by 30 per cent (or by 36 per cent at a higher
level of ambition) by 2030 compared to the business-as-usu-
al scenario. The Law on Environment incorporates articles
that stipulate general obligations and responsibilities re-
garding greenhouse gas inventories and the national plan
for climate change action.

Renewable energy is covered in the Energy Law and rele-
vant by-laws, including the Decree on measures to support
the production of electrical energy from renewable energy
sources, the Rulebook on renewable energy sources and
the Rulebook for preferential producers that use a FIT.0"7181
The Strategy for Energy Development of the Republic of
North Macedonia until 2040 envisages two types of financial
mechanisms to support renewable energy: FITs and feed-in
premiums.® According to the Decree on measures to support
the production of electrical energy from renewable energy
sources, all feed-in premiums are to be granted via a ten-
dering procedure. The highest level of support should be
achieved in the period 2020-2025 in all three scenarios. The
maximum total renewable energy capacity to receive sup-
port is set at 570 MW, including the capacity that existed in
2017. The largest supported capacity is for solar PV at 200
MW, followed by SHP at 160 MW and wind power at 150 MW.”

FITs for wind power are 0.089 EUR/kWh (0.10 USD/kWh), for
biomass thermal 0150 EUR/kWh (0.18 USD/kWh) and for
biogas 0180 EUR/kWh (0.21 USD/kWh). A premium is award-
ed to preferential producers for 20 years in the case of wind
power plants and for 15 years in the case of solar PV plants.”

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

The development of SHP in North Macedonia is regulat-
ed by the Energy Law and relevant by-laws, as well as the
Law on Waters, the Law on Concessions and Public Private
Partnership and the Law on Construction.>™1819202122 |n 2020,
the Ministry of Economy published the Handbook on the
procedures for the development and construction of pow-
er plants for electricity production from renewable energy
sources — hydropower plants, which aims to provide de-
tailed guidance to investors.?

COST OF SMALL HYDROPOWER
DEVELOPMENT

Based on the experience of the authors of this chapter and
according to a simple calculation of profitability of invest-
ment into SHP projects (as a ratio between invested funds
and money received from generated electricity), the average
payback period in North Macedonia can be estimated at ap-
proximately 5-7 years.

In 2019, 90 SHP preferential producers who used the FITs,
with a total installed capacity of 80 MW and generation of



170 GWh, were paid EUR 9,063,665 (USD 10,986,793). The av-
erage price for produced electricity was approximately EUR
0.813 (USD 0.99) per kWh.?

FINANCIAL MECHANISMS FOR SMALL
HYDROPOWER PROJECTS

The Government of North Macedonia has signed several di-
rect agreements with the European Bank for Reconstruction
and Development (EBRD) to support loan agreements with
several concessionaires. This possibility is available to all
investors who signed the agreements and are seeking loans
from different financial institutions®®

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

The production of electricity from hydropower mostly de-
pends on the hydrological conditions. In 2019, the produc-
tion from SHP significantly reduced due to the unfavourable
hydrological conditions: from 202 GWh in 2018 to 169 GWh
in 2019. At the moment, the Government or the Ministry of
Economy do not take special measures to address the im-
pact of climate change on SHP.

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

There are no significant barriers precluding SHP develop-
ment in North Macedonia, but rather some factors that can
pose certain limitations:

+ There is a need for more accurate hydrological data
for an extended time period, because the previous es-
timates of the capacity potential have been criticized
for overestimating the volume of water at some sites;

+ There is also a need for connection to the distribution
grid, since most of the potential SHP sites are located
in rural areas with either no connection or no stable
quality network;

+ The grid connection cost is often very high, with the
average price for the 10 (20) kV cable line at 25,000-
30,000 EUR/km (29,400-35,300 USD/km) and for the 35
kV cable line at 30,000-35,000 EUR/km (35,300-41,200
USD/km). The price refers to the total value includ-
ing design and construction, with the lower level of
the price range referring to lighter terrain, plains and
fields and the higher level to mountainous terrains
with hard surface and partly rocky terrain;

+ Since 2020, the construction of new SHP plants should
be carefully assessed to avoid the risk of dispropor-
tionate environmental impact compared to electricity
generated;

+ The equipment (turbines, generators, hydromechan-
ical equipment, transformers, glass fibre-reinforced
plastic (GRP) pipes, control system) need to be pro-
cured from abroad.
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The factors that can be considered as enablers for SHP de-
velopment include:

+ There is a significant SHP potential, including the ca-
pacity of the water supply systems and coastal SHP,
which could be used for plant development if justified
based on economic and technical aspects. According
to the analysis and opinion of the authors, there are
real opportunities for building approximately 110 SHP
plants of different types;

+ There is a favourable political, social and energy cli-
mate for the development of SHP in North Macedonia;

+ Availability of bank loans for financing SHP projects
as well as FITs;

+ Availability of engineering staff as well as construc-
tion and maintenance companies experienced in SHP
projects.
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KEY FACTS

10,297,081 (2020)

92,225.6 km??

The northern and central regions of Portugal have higher elevations with several mountain ranges,
whereas the southern region is lower and flatter. In the very north of the country are the Larouco
Mountains to the east and the Tras-os-Montes to the west. The Montemuro Mountains, also in the
northern region, form south of the Douro River basin and north of the Mondego River basin. In
the northern central region is the prominent Estrela Mountain range where the highest altitudes
are found and the highest point of the mainland, Serra de Estrela at 1,993 metres, is located. The
southern region is largely low-lying plains with marshy coastlines. The Azores Islands in the Atlantic
Ocean are of volcanic origin and are the location of the country’s highest point, Mount Pico, at 2,351
metres.??

The climate has Atlantic, Mediterranean and continental influences. The north, especially north-
west has a mild and wet climate with cool winters, warm summers and a lot of rainfall. The interior
experiences colder winters and hotter summers, with the exception of very high altitudes that do
not reach very high temperatures. The Estrela Mountain region experiences temperatures below 0
°Cin winter and snow remains on the peaks throughout most of the year. The southern region has a
mild temperate climate with an average range of 10 °C in winter and 24 °C in summer.2

The major concerns of climate change in Portugal are rising temperatures and declining annual
precipitation. Since the 1970s average temperatures have been increasing at a rate of approximately
0.3 °C per decade and rainfall has been decreasing at a rate of approximately 25 mm per decade.
These trends are expected to continue into the next decades and accelerate towards the end of this
century. By 2100, temperatures may increase by between 2 °C and 4 °C and rainfall may decrease by
an estimated 30 per cent.?

Precipitation varies between regions and seasons. The north receives the most rainfall, with an
average range of 1,000 mm to 2,000 mm per year with some areas receiving more than 2,500 mm per
year. Central and southern regions receive an average of 600 mm per year, with some drier pockets
inland. Most of the precipitation happens during the winter between November and February, whe-
reas June to August are the driest months.??

The largest rivers in Portugal begin in Spain and flow through the country to empty into the Atlantic
Ocean. These rivers are the Douro in the northern region, The Tagus in the central region and the
Guadiana in the south. The largest river exclusively within the country's boundaries is the Mondego
which rises in the Estrela Mountains and flows west to the Atlantic. Other important rivers within
the country are the Vouga, Sado and Zézere. Many rivers in the central and southern regions have
seasonal variation of flow with extremely low flows during the dry summer season.?

ELECTRICITY SECTOR OVERVIEW

In 2020, the total installed capacity in Portugal was 22,421
MW, of which 65 per cent was with renewable sources and 45
per cent with non-renewable sources. Hydropower account-
ed for 7129 MW (approximately 32 per cent) of the total in-
stalled capacity, wind power for 5,478 MW (24 per cent), nat-
ural gas for 4,058 MW (18 per cent), coal for 1,871 MW (8 per
cent), cogeneration for 1,198 MW (5 per cent), solar power for
1,030 MW (5 per cent), biomass for 892 MW (4 per cent), other
non-renewable sources for 731 MW (3 per cent) and geother-
mal power for 34 MW (less than 1 per cent) (Figure 1).*
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The total electricity generated in continental Portugal in
2020 was 49,324 GWh, of which 62 per cent was from renew-
able sources and 38 per cent from non-renewable sources.
Hydropower generated 13,811 GWh (28 per cent), natural gas
12,331 (25 per cent), wind power 11,838 GWh (24 per cent), co-
generation 4,636 GWh (9 per cent), biomass 3,305 GWh (7 per
cent), coal 2,121 GWh (4 per cent) and solar power 1,282 GWh
(3 per cent). In the same year, 6,397 GWh of electricity was
imported and 4,942 GWh of electricity was exported. Total
electricity consumed for the year was 50,779 GWh.®
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Figure 1. Installed Electricity Capacity by Source in Portugal
in 2020 (Mw)

Hydropower 7,129
Wind Power
Natural Gas

Coal

Cogeneration

Solar Power

Biomass

Other
Non-Renewables

Geothermal Power

Source: DGEG*

Figure 2. Annual Electricity Generation by Source in
Portugal in 2020 (GWh)
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The electricity sector of Portugal is liberalized, a process
that began at the end of the 20" century and was completed
around 2014. The market began to open gradually in 1995
and by 2006 all consumers were able to choose their elec-
tricity suppliers.® Before complete privatization in 2013, En-
ergias de Portugal (EDP) was the main utility company in
the country but is now one of many companies, while still
holding a considerable market share, especially in regards
to distribution.” While any company is allowed to generate
or distribute electricity, only one company has exclusive
rights for all transmission in the country, the Rede Eléctrica
Nacional (REN). Since the end of the privatization process
of REN that occurred between 2007 and 2014, the State Grid
of China has been its largest shareholder with a 25 per cent
share.®

The lberian Electricity Market (MIBEL) includes both Spain
and Portugal. Spot market trading is managed by the Iberi-
an Market Operator of Spain (OMIE) and future market trad-
ing is managed by the Iberian Market Operator of Portugal
(OMIP).? The energy market of Portugal is regulated by the
Energy Services Regulatory Authority (ERSE), the sectorial
regulator for gas and electricity and an independent legal
entity of public law, financially and administratively auton-
omous according to Decree-Law No. 97/2002 and updated
with Decree-Law No. 84/2013.° The General Directorate of
Energy and Geology (DGEG) oversees the energy sector as
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a whole and plays an integral role in the implementation of
energy legislation and policies.

The electrification rate of Portugal is 100 per cent.!" There
are two types of markets that determine electricity tariffs
and consumers are able to choose which market they would
like to pay on. The free market is unregulated and prices are
determined by the electricity suppliers and are part of the
customer’s contract. The regulated market is based upon
supply and demand, fluctuating hourly. Both types share the
same network access tariff base approved by ERSE plus a
supplement according to the type. There is a social tariff de-
termined by ERSE available for low-income consumers with
contracts under 6.9 kW, which is the same discount regard-
less of the market the costumer pays on.® While free market
prices depend on individual companies, the average hourly
price on the regulated market in January 2022 was EUR 0.202
(USD 0.21) per kwh.?

SMALL HYDROPOWER SECTOR
OVERVIEW

In Portugal, small hydropower (SHP) is defined as plants with
a capacity of 10 MW or less. At the end of 2021, installed SHP
capacity was 415 MW, which generated 845 GWh of electricity
for the year® Although there are no accurate or complete
studies for SHP potential, the country’s National Renewable
Energy Action Plan (PNAER) 2013-2020 was aiming for a total
of 750 MW capacity from 250 plants by 2020, suggesting that,
at a minimum, this potential exists.® Current capacity con-
stitutes approximately 50 per cent of this target. Compared
to the World Small Hydropower Development Report (WSH-
PDR) 2019, installed capacity has increased by 1 MW and po-
tential capacity has remained the same (Figure 3).

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Portugal (MW)
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SHP constituted approximately 6 per cent of all hydropow-
er installed capacity as well as generation in 2020. As part
of the PNAER, Portugal was aiming for an annual average
generation of 1,511 GWh from SHP by 2020, corresponding
to a total installed capacity of 750 MW from 250 plants.
As of 2021, this goal was unmet (Figure 4) and both actual
installed capacity and annual generation reached approxi-
mately 55 per cent of their respective goals.



Figure 4. Small Hydropower Capacities in Portugal in
2013-2022
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Due to the country’s topography and climate, most of the
SHP plants are concentrated in the northern region which
is characterized by a mountainous terrain and high annu-
al precipitation. However, even in the rainy regions there is
great seasonal variability in generation. During the dry sum-
mer months, hydropower plants in all regions experience
a lower flow and electricity generation than during wetter
months such as January and February.®

While no upcoming SHP projects in Portugal have been an-
nounced, the National Plan for Dams with High Hydropower
Potential has been underway since 2007, defining the con-
struction of 10 new large dams, some of which have already
been cut. As of 2022, construction of the Tamega hydropow-
er complex is still undergoing and is expected to be finished
by 2024. This project will be the largest hydropower project
in Portugal and will comprise three plants with three water
reservoirs on the Tamega River in the northern region. When
completed, total installed capacity will be 1,158 MW with 880
MW worth of pumped storage. The objective for this major
project is to lessen energy dependence on imports from
other countries while also moving towards the decarbon-
ization of the electricity sector®

RENEWABLE ENERGY POLICY

A key challenge for the energy sector of Portugal is to re-
duce energy dependence on imports, a goal which can only
be achieved by developing renewable energy sources. Cur-
rently, renewable energy sources constitute a 31 per cent
share of the energy sector and a 65 per cent share of the
electricity sector.*

The PNAER 2013-2020 set targets for renewable energy
sources. These targets included to have 31 per cent of final
energy consumption be from renewable energy as well as to
have 59 per cent of renewable energy sources in the elec-
tricity sector. Both of these targets were met on time with 33
per cent of renewable sources in final energy consumption
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and 65 per cent in the electricity sector in 20207 Targets
set in the country’s National Energy and Climate Plan (PNEC)
for 2030 include 47 per cent of renewable energy in final
energy consumption, which was an interim plan towards the
Road Map for Carbon Neutrality 2050 (RNC2050) plan. The
RNC2050 establishes a pathway towards carbon neutrality
by 2050, calling for a 99 per cent reduction in carbon emis-
sions compared to 2005. The plan expects a 100 per cent
reliance on renewable energy in the electricity sector to be
done by heavy investments in all renewable energy sourc-
es, but especially in wind and solar power. The end of us-
ing coal for electricity is anticipated to be around 2029 and
gas in 20408 To facilitate the transition on the electricity
grid, all renewable energy with the exception of hydropower
above 30 MW has non-discriminatory priority. A framework
for a feed-in-tariff (FIT) existed up until 2012, but this has
since been dismantled and new plants are to be remunerat-
ed in the wholesale electricity market.”

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

There is no regulation published on establishing the residu-
al flow. Yet, there are indications that the ecological flow in
Portugal should be, on average, 5-10 per cent of the modu-
lar flow. Also, this flow should be variable during the year to
enable a better adjustment to the differences in the natural
hydrological regime and to the spawning seasons. The re-
sidual flow would be the sum of the ecological flow with the
flow necessary for the existing uses such as irrigation and
water supply.”©

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Portugal is in a slow stage of development of its SHP sector
with only a few power plants being developed in the last
decade. Major barriers include:

+ A lengthy, costly and unpredictable licensing proce-
dure, which can take, on average, between 3 and 11
years;

+ Legal constraints, particularly in regard to more strin-
gent environmental requirements, such as the Water
Framework Directive, can lead to a limitation of the
technical characteristics and potentially the profit-
ability of a project;

+ Inadequate financial incentives such as FITs;

+ Limitations on energy exports are an obstacle to the
increase of renewable energy sources.

Major enablers for SHP include:

+ There is still untapped potential availability in the
country;

+ SHP is socially preferred over large dam construction
due to reduced environmental and economic impacts;

A liberalized market allows any company to enter the
industry to generate electricity;

« With the ambitious aspiration to have a fossil fu-
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el-free electricity sector in less than 20 years, SHP can
be a key tool towards this goal as it has lower start-up
costs and faster construction times than large proj-
ects;

+ The political environment is supportive and commit-
ted to increasing the share of renewable energy in the
mix.
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Serbia

Slobodan Cvetkovic and Rastislav Kragic, independent experts

KEY FACTS

6,945,235 (2019)'

88,509 km?2

The northern part of Serbia is characterized by plains lying at elevations of up to 100 metres above
sea level. The central part of the country is covered in hills and mountains, belonging to the Dinaric
Alps, the Carpathian Mountains and the Rhodope Mountains. Important mountains in Serbia inclu-
de Kopaonik, Stara Planina, Tara, Zlatibor, Golija, Suva Planina and Zlatar. The highest point in the
country is Peravica (2,656 metres) in the Prokletije Mountains.??

The climate of Serbia is predominantly continental, with local diversity due to geographic location,
relief, terrain exposition, presence of rivers, vegetation and urbanization. The south-western part
of the country includes both the Mediterranean and continental climates. The climate of Serbia is
characterized by warm summers and cold winters, with an average annual temperature range of
over22°Cz?

The current trend of average annual temperature increase in Serbia is 0.6 °C per 100 years. The esti-
mated rate of decrease of annual surface flows is 30 per cent per 100 years, but varying depending
on the region. The smallest changes in surface flows are expected in the south-western part of the
country, while the biggest decline is expected in the eastern part.?

The precipitation regime in Serbia is very heterogeneous on a regional scale. Annual precipitation
ranges from approximately 500 mm in the north to over 1,000 mm in the mountain regions, with
average precipitation nationwide of approximately 730 mm per year. Precipitation is highest in June
and lowest in February and March.?

The majority of the territory of the Republic of Serbia (92 per cent) belongs to the Black Sea drainage
basin, 5 per cent belongs to the Adriatic drainage basin and the remaining 3 per cent belongs to the
Aegean basin. The Danube River flows for 588 kilometres through the territory of Serbia and along
the border with Croatia and Romania. Other main rivers in Serbia are tributaries of the Danube,
including the Sava (flowing from the west) and Tisa (flowing from the north). The Drina River, on
the border with Bosnia and Herzegovina, is the biggest tributary of the Sava River. The longest river
flowing exclusively through the territory of Serbia is the Velika Morava River, with a total length of
185 kilometres.?

ELECTRICITY SECTOR OVERVIEW

The total installed capacity of Serbia in 2020 was 8,285 MW
(excluding the installed capacity of the Autonomous Prov-
ince of Kosovo and Metohija), of which 4,429 MW (53 per

cent) was provided by lignite thermal power plants, 3,050  in 2020 (MW)
MW (37 per cent) by hydropower plants, 398 MW (5 per cent) Lo
by wind power plants, 359 MW (4 per cent) by combined heat Lignite  EGEG———— 4,429
and power (CHP) plants and the remaining 49 MW (less than Hydropower 3,050
1 per cent) by other energy sources, including solar power, Wind Power 398
biomass and biogas (Figure 1).* Combined 350
Heat and Power
Generation of electricity in Serbia in 2020 reached 35,540 Blogas | 31
GWh, of which coal-fired thermal power plants produced Solar Power | 12
24,332 GWh (68 per cent), hydropower plants 9,701 GWh Biomass | 3

(27 per cent), wind power plants 967 GWh (3 per cent), CHP
plants 326 GWh (1 per cent) and biomass, biogas, solar pow-
er and other sources provided a combined total of 214 GWh
(less than 1 per cent) (Figure 2).* In 2020, Serbia imported
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5,002 GWh of electricity and exported 5,943 GWh.>

Figure 1. Installed Electricity Capacity by Source in Serbia

Source: AERS*
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Figure 2. Annual Electricity Generation by Source in Serbia in
2020 (Gwh)

Lignite 24,332
Hydropower 9,701
Wind Power 967
Heat acr?dmli)(;CVeedr ,I 326
Biogas | 167
Biomass | 23
Solar Power | 13
Other ] 1

Source: AERS*

Access to electricity in Serbia is 100 per cent in both urban
and rural areas.® Electricity consumption in 2020 amounted to
29,039 GWh, of which household consumption accounted for
13,718 GWh (47 per cent).*

In line with its goal of full membership in the European Union
(EU), the Republic of Serbia ratified the Energy Community
Treaty with the EU in 2006, committing to transposing EU leg-
islation on the energy sector.’

The basic law regulating the electric power sector in Serbia
is the Energy Law, first adopted in 2004 and with significant
amendments passed in 2011, 2014 and 2021.%° Among other
changes, the aforementioned amendments implemented the
unbundling of the public energy company Elektroprivreda Sr-
bije (EPS) into separate companies individually responsible
for the generation, transmission and distribution of electric-
ity. EPS is the largest power producer in Serbia. The trans-
mission system operator (ElektromreZa Srbije) and the distri-
bution system operator (Elektrodistribucija Srbije), previously
part of EPS, currently operate as independent entities.

The electricity system of Serbia is controlled by an indepen-
dent regulatory body, the Energy Agency of the Republic of
Serbia (AERS). Electricity suppliers, which can be private or
state-owned companies, trade on the free electricity market.
Producers and final customers of electricity are free to choose
their supplier and contract electricity purchases.

Average electricity tariffs for end users with low-voltage con-
nections in Serbia in 2020 were 714 RSD/kWh (0.068 USD/kWh)
for households, 6.80 RSD/kWh (0.065 USD/kWh) for public
lighting and 9.39-12.21 RSD/kW (0.09-0.12 USD/kWh) for 0.4 kv
stage | and stage Il connections (before VAT). Tariffs for house-
holds with an annual consumption of 2,500-5,000 kWh were
0.074 EUR/kWh (0.08 USD/kWh).

SMALL HYDROPOWER SECTOR
OVERVIEW

While the term “small hydropower (SHP) plant” is not used
in any energy legislation in Serbia, the Decree on Incentive
Measures for Privileged Electric Power Producers, adopted in
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2013, established incentive measures for hydropower plants
of up to 30 MW installed capacity.”

As of December 2020, the total installed capacity of SHP plants
of up to 10 MW in Serbia was 109 MW from 138 plants.“™ While
the World Small Hydropower Development Report (WSHPDR)
2019 overestimated installed SHP capacity in Serbia, the in-
stalled capacity of SHP plants in the country has increased
since 2019 as a result of the commissioning of new plants.
Up-to-date figures on potential SHP capacity in the country
are not available (Figure 3).2

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Serbia (MW)

Potential 4672
Capacity 409.3
409.3
109.0
Installed 87.6 Il WSHPDR 2022
Capacity M WSHPDR 2019
W WSHPDR 2016
WSHPDR 2013

Source: AERS,* MRE,"" WSHPDR 2019,> WSHPDR 2013,°* WSHPDR 2016™
Note: Data are for SHP up to 10 MW.

Estimates of SHP potential in Serbia are largely based on re-
sults of studies conducted in the late 1980s, including the Ca-
dastre of Small Hydropower Plants published in 1987. These
studies identified a total of 870 potential sites in Central Ser-
bia and Vojvodina for SHP up to 10 MW, with a total capac-
ity of 467.2 MW.5'%718 However, the studies did not consider
environmental, social, and economic criteria as well as the
cumulative impacts of SHP plants. Additionally, the impact of
SHP plants on the environment has been a topic of increasing
concern for environmentalist groups in Serbia and the public
at large™® Consequently, a project to produce a new cadastre
of potential SHP sites that would account for these factors
was launched in 2016. The project has been endorsed by the
European Commission and is still in the process of being im-
plemented.”

The installed capacity of small hydropower plants in Serbia
has increased in recent years, but no SHP plants of above 10
MW capacity have been built since 2010 Provisions in the
Energy Law have established the Privileged Power Producer
(PPP) status for renewable energy producers, enabling PPPs
to access feed-in tariffs (FITs) and other incentives, as well
as the Preliminary Privileged Power Producer (PPPP) status
for developers who commit to constructing renewable energy
projects within three years of being granted the PPPP status
and who are then eligible to access incentives including FITs
at the level set when receiving the status.® As of December
2020, 121 SHP plants up to 10 MW, with a total capacity of 77.27
MW, had been granted PPP status." A list of the most recently
commissioned plants is displayed in Table 1.



Table 1. List of Selected Existing Small Hydropower Plants
in Serbia

Name Location Capacity (MW)  Launch year
Sljivovica Priboj 1.300 2021
Jovanovici Arilje 0.515 2021
Ravni Uzice 0.470 2021
Lozno Novi Pazar 0.320 2021
Tlamino Bosilegrad 0.260 2021
Rogopec 1 Ivanjica 1.763 2020
Reka Bosilegrad 0.815 2020
Manjak Vladicin Han 0.470 2020
Duavica Vranje 0.341 2020
Prsici Brus 0.138 2020

Source: MRE®

Plans for the construction of an additional 50 SHP plants
up to 10 MW were laid out in the National Renewable Ener-
gy Action Plan (NREAP) of Serbia in 2013%”" Several ongoing
SHP projects recently granted the PPPP status are listed in
Table 2.

Table 2. List of Selected Ongoing Small Hydropower
Projects in Serbia

Name Location  Capacity (MW) Planned launch year
Brusnik Arilje 1.264 2024
Jelice Tutin 0128 2024
Piskanja Raska 2.800 2023
ProCovci3  Trgoviste 0.910 2023
Bucalo Vranje 0.240 2022

Source: MRE®

RENEWABLE ENERGY POLICY

In 2014, Serbia introduced a new system of support mea-
sures for projects for electricity generation from renewable
energy sources (RES) through secondary legislative docu-
ments building on the existing Energy Law. These documents
outline conditions for granting the FIT and the commercial
and procedural provisions for producing electricity from
RES. These provisions included the definition of RES; capac-
ity limits for FIT eligibility as well as the period of eligibility,
set at 12 years from the FIT application process; and the dis-
bursement procedure for FITs, based on a specific contract
between the electricity producer and the public supplier.

The FIT incentive system for generation from RES was in
force between 2010 and 2021. During this period, 272 projects
with a total installed capacity of 520 MW received the PPPP
status.?® In April 2021, the Parliament of Serbia adopted the
new Law on the Use of RES, which among other measures
defined a system of market premiums as the primary mea-
sure of support for RES projects, largely replacing the FIT
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system. The market premium is paid on top of the sale price
of electricity on a per kWh basis. Unlike the FIT, the market
premium is not set in advance but is arrived at through a
system of auctions and changes continually.

FITs will remain as the support measure for small plants, de-
fined as those with a capacity of less than 500 kW (less than
3 MW in the case of wind farms).2 As of 2020, FITs for SHP
plants up to 200 kW of capacity were 0.133 EUR/kWh (0.150
USD/kWh and for SHP plants of 200-500 kW they were 0.112-
0133 EUR/kWh (0.126-0.150 USD/kWh).*

Additionally, the new RES law allows households and com-
panies to produce electricity as prosumers by producing
electricity from solar panels and other RES for own use and
for sale to the electricity market. Finally, provisions in the
new RES law have prohibited the construction of hydropow-
er plants in protected natural areas and recognized new
forms of renewable energy, including “green” hydrogen.?

The Republic of Serbia ratified the Green Agenda for West-
ern Balkans with the EU in Sofia in November 2020. Serbia
has obliged to implement activities outlined in the Agenda,
including actions on climate change, energy, mobility, circu-
lar economy, depollution, sustainable agriculture and food
production, and biodiversity.

In March 2021, the Parliament of Serbia adopted the Law on
Climate Change. This law established the system for limiting
greenhouse gas (GHG) emissions; the adoption of a low-car-
bon development strategy and the procedures for monitor-
ing, reporting and continual improvement of the strategy;
the programme for adaptation to climate change; and a
system of issuing permits for GHG emissions to the plant
operators, including monitoring, reporting, verification and
accreditation of verifiers, administrative fees, supervision
and other issues relevant to limiting GHG emissions.? Ser-
bia is additionally preparing a National Energy and Climate
Plan for 2021-2030 with a vision to 2050, as well as an Energy
Development Strategy until 2040 with a projection to 2050.

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

Licensing requirements for the construction and operation
of SHP plants in Serbia include a location permit, construc-
tion permit, water permit, operating permit, energy licence
and the right to engage in power generation.? An environ-
mental impact assessment (EIA) may be required for SHP
plants exceeding 2 MW or those situated in a protected nat-
ural area and additional supporting documents may also be
required during the associated administrative procedures.
Environmental issues must be considered in the planning,
construction and utilization of SHP plants, as outlined in rel-
evant legislation harmonized with the EU regulatory frame-
works including the Law on Nature Protection, Directives
on the Environmental Impact Assessment and the Strategic
Environmental Assessment, the Water Framework Directive,
Council Directive 92/43/EEC on the conservation of natu-
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ral habitats and of wild fauna and flora, Nature 2000 and
the Aarhus Convention. This body of legislation collectively
mandates that environmental impacts including changes in
water quality, sedimentation, impacts on wildlife, landscape
and the flow regime of the watercourse must all be taken
into consideration during development projects such as
SHP construction.”® A regulation for determining the mini-
mum sustainable flow in rivers according to the Law on Wa-
ters has not yet been adopted.?

Finally, in line with the Aarhus Convention, the public must
be involved in the planning, assessment and decision-mak-
ing regarding the operational regime of SHP plants. In the
past, environmental damage attributed to the construction
and operation of SHP plants in Serbia, stemming from poor
enforcement of regulations, has resulted in protests by local
communities, including those targeting SHP plants at Stara
Planina and Rakita, among others, and leading to a prohibi-
tion on SHP construction in protected natural areas by the
Law on the Use of RES and amendments to the Law on Na-
ture Protection.??”?8 Thus, the wider eco-social context of
Serbia must be systematically taken into consideration as
part of SHP construction and operation.

COST OF SMALL HYDROPOWER
DEVELOPMENT

Total investment costs for SHP plants in Serbia typically
consist of the following elements?:

preparation and construction work (40-70 per cent of
total cost);

cost of hydromechanical equipment (1-2 per cent);
cost of electro-mechanical equipment of (20-40 per
cent);

cost of connection to the electric power system (up to
20 per cent);

other costs, including cost of administration, pur-
chase, design and supervision (5-10 per cent).”

Most of the equipment installed as part of the SHP plant
construction process in Serbia is not manufactured locally
and must be imported.

EFFECTS OF CLIMATE CRISIS ON SMALL
HYDROPOWER DEVELOPMENT

Models of the impact of climate change on discharge in
mountainous catchments in Serbia predict significant sea-
sonal shifts in the monthly precipitation volume and dis-
charge under both moderate and extreme climate change
scenarios, relative to the 1971-2000 baseline period. In par-
ticular, while no significant changes are predicted on an an-
nual basis, increases in precipitation and discharge in the
winter months of up to 50 per cent are possible by the end
of the 21t century, increasing the flood risk during this peri-
od. Corresponding reductions of discharge and precipitation
during the warm period are considered likely to impact sev-
eral economic sectors, including hydropower generation.®
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BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Since 2019, SHP projects have encountered delays in im-
plementation and increased scrutiny from the public and
non-governmental organizations. The obstacles to SHP de-
velopment in Serbia include the following:

Long and complicated administrative procedures re-
lated to the issuance of necessary permits for SHP
plants;

Lack of supervision and control from authorities
during the construction of SHP plants and their op-
erational regime;

Lack of corresponding expertise within authorities,
especially at the local level;

Previous failures in construction and operational work
of SHP plants leading to the endangerment of wildlife
such as fish and birds, negative impacts on the flow
regime and landscape, and other negative outcomes;
The lack of public consultation and exchange of infor-
mation between all stakeholders, including the local
and regional authorities, the investor, the local com-
munity, and the non-governmental sector, among oth-
ers, and the resultant resistance to SHP development
from civil society organizations and the public.

The main opportunity for future SHP development in Serbia
lies in their installation on multipurpose hydro-technical
systems, where such development is appropriate. These in-
clude:
+ Outputs for environmental and regulatory flows on
non-powered dams;
Elements of pressurized water systems such as pres-
sure break tanks, where installation of SHP plants is
conducive to the pressure regulation function of the

system.
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Slovenia

International Center on Small Hydropower (ICSHP)

KEY FACTS

2,102,419 (2020)'

20,271 km??

The terrain of Slovenia is predominantly elevated and is divided into four major regions. The largest
and highest region is the Alps situated in the north and north-west. It is there where the highest
peak, Triglav at 2,864 metres, is located. Just south of the Alps is the Karst Plateau region, featuring
several caves and underground rivers. In the north-east and east of the country are the Subpanno-
nia lowlands with rolling hills. The smallest region is the Slovene Littoral along the south-western
border with Italy, featuring river valleys and a small rocky coastline.?

Slovenia has a temperate climate with variations between regions. The northern mountainous re-
gion is cooler with continental influences. Winters are cold, with typically below freezing tempera-
tures, and summers are cool, with temperatures remaining close to 20 °C. The south is warmer with
Mediterranean influences. Summers are hot with an average temperature of 27 °Cin July and winters
are mild, rarely dropping below 10 °C.?

There have been notable effects of climate change in Slovenia in the past 50 years. Since 1961, the
average temperature has increased by 1.7 °C, which is more than the European average. Additional-
ly, annual precipitation has decreased by between 10 and 15 per cent with a 55 per cent decrease
in snow depth. By 2100, temperatures are expected to increase by an additional 1-4 °C, especially
during winters. Precipitation patterns are expected to continue changing, but the exact amounts
are difficult to predict. Generally, rainfall could decrease during summer and autumn and increase
during winter and spring.?

Rainfall varies by region and season. Rainfall is the highest in the western Alps, reaching over 3,000
mm per year, central regions have approximately 1,400 mm per year and the south-eastern region
has the lowest rainfall, with an annual average of 800 mm. Rainfall is highest during the autumn
and winter months for almost all parts of the country, except for in the east, where the most rainfall
happens during the summer months.?

Many of the rivers in Slovenia begin in the north and flow south-east to empty into the Danube River
and ultimately, the Black Sea. Major rivers include the Drava and Mura in the north-east that begin
in Austria, the Sava that begins in the north-western Alps and cuts south-east through the central
region and the Soca, the only major river that flows south-west and empties into the Gulf of Venice.
Rivers typically have a strong, fast flow due to the country’s steep slopes.?

ELECTRICITY SECTOR OVERVIEW

In 2020, total installed capacity in Slovenia was 3,924 MW.
Of this, thermal power accounted for 1,516 MW (39 per cent),
hydropower for 1,347 MW (34 per cent), nuclear power for
688 MW (18 per cent), solar power for 370 MW (9 per cent)
and wind power for 3 MW (0.08 per cent) (Figure 1).“ The fast-
est growing source of energy has been solar power, account-
ing for 87 per cent of newly connected capacity between
2019 and 2020.°

In 2020, total electricity generation in Slovenia was 15,748
GWh, of which 35 per cent was using renewable energy. Nu-
clear power generated 6,040 GWh (38 per cent), hydropower
5,106 GWh (32 per cent), thermal power 4,194 GWh (27 per
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cent), solar power 250 GWh (2 per cent), biomass and waste
151 GWh (1 per cent) and wind power 7 GWh (0.04 per cent)
(Figure 2). In the same year, Slovenia imported 7120 GWh,
mostly from Austria, and exported 6,103 GWh, mostly to Cro-
atia and Italy. Total consumption of electricity by end users
was 12,506 GWh, of which 8,947 GWh was consumed by all
types of businesses and 3,559 GWh was consumed by house-
holds. Losses due to transport in transmission and distri-
bution systems were 849 GWh.® The electrification rate of
Slovenia is 100 per cent.



Figure 1. Installed Electricity Capacity by Source in Slovenia
in 2020 (Mw)
Thermal Power I 1,516
Hydropower I 1,347
Nuclear Power N 633
Solar Power | 370
Wind Power | 3

Source: Ministry of Infrastructure*

Figure 2. Annual Electricity Generation by Source in
Slovenia in 2020 (GWh)

Nuclear Power 6,040
Hydropower
Thermal Power
Solar Power
Biomass & Waste

Wind Power

Source: Energy Agency®

The Energy Agency is the country’s market regulator respon-
sible for ensuring the transparency of market operations,
determining methodologies for the energy sector and issu-
ing guarantees of origin and commercial green certificates
for the production of electricity from renewable energy
sources. Borzen is the market organizer tasked with promot-
ing the development of the country’s electricity market and
market mechanisms in accordance with the European Union
(EU) guidelines. It also contributes to the proper functioning
of the country’s power system, the alignment of Slovenian
and EU legislation and integration of the country’s electric-
ity market into the integrated European electricity market.®

In Slovenia, while the sector allows private companies to
supply electricity, the large electricity producers are owned
by the state. The majority of the country’s power plants are
owned by either of the two publicly owned parent compa-
nies, Holding Slovenské Elektrarne (HSE) and GEN Energija.
The one nuclear power plant is owned by Nuklearna Elek-
trarna Krsko (NEK), which is equally shared between Slove-
nia and Croatia.” Small electricity producers (up to 10 MW),
distribution companies and energy market suppliers can be
publicly, privately or mixed owned. The transmission system
is fully operated by the state-owned company ELES. The to-
tal length of the transmission electric network in Slovenia is
2,859 kilometres. It connects major producers, big consum-
ers and neighbouring countries Austria, Croatia and lItaly,
with plans to include Hungary in the near future.® The total
length of the distribution network is approximately 65,000
kilometres (70 per cent is a low-voltage network), which ef-
ficiently covers the country’s territory and also reaches ex-
isting small producers.t

The electricity sector is governed through the Energy Act of
2014, which was last amended in 2015. The act replaced the
previous one from 2007 in order to properly implement EU
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directives and comply with new decisions of the Constitu-
tional Court of Slovenia regarding how network charges are
determined. The current law clarifies the principles of ener-
gy policy, energy market operation rules and manners, mea-
sures to achieve a secure energy supply and improve energy
efficiency and energy saving. It also promotes the usage of
renewable energy sources, giving further framework for a
support scheme for such energy production that was initial-
ly introduced in 2009.5¢

In the decade that the support scheme has been in opera-
tion, 3,839 facilities have been included in it. The large ma-
jority, or over 3,200, has been solar power plants, but has
also included various hydropower, biomass, wind power
and cogeneration of combined heat and power (CHP) plants.
In 2020, 962.2 GWh of electricity was generated by the plants
included in the support scheme and an additional 44.62 MW
was added to the grid due to new projects supported by the
scheme. Compared to 2019, electricity production by plants
included in the support scheme increased by 1.5 per cent
and compared to 2018, by 2.6 per cent.’

The electricity market of Slovenia was opened on 1July 2007.
As such, electricity prices for general industrial and house-
hold consumers now depend on the wholesale market in
Slovenia and in the EU. In 2020, Slovenia joined the interre-
gional day-ahead market with Austria, Croatia and Italy as
well as the single intraday market with Austria and Croatia,
with plans to do so with Italy in the future. Wholesale elec-
tricity is traded quickly and easily through these markets,
ultimately determining the base prices. In 2020, the aver-
age wholesale price for electricity was 37.55 EUR/MWh (39
USD/MWh). Within the country, electricity prices for final
consumers include the base price, a network charge, lev-
ies, excise duties and a value-added tax (VAT). The average
final price for the typical household in 2020 was 0.157 EUR/
kWh (0.6 USD/kWh). The final price for businesses ranged
between approximately 0.06 EUR/kWh (0.07 USD/kWh) and
0.16 EUR/kWh (0.177 USD/kWh) depending on type of busi-
ness customer and usage.®

SMALL HYDROPOWER SECTOR
OVERVIEW

This chapter is using the definition of small hydropower
(SHP) as hydropower plants of up to 10 MW. However, there
are different definitions of SHP in Slovenia. From the water
management perspective, SHP is defined as a hydropower
plant with an installed capacity of less than 10 MW. From the
perspective of electricity generation from renewable energy
sources, there are four categories:

+  Micro: less than 50 kw;

+ Small: between 50 kW and 1 MW;

+  Medium: between 1 MW and 10 MW;

« Large: more than 10 MW.6

The installed capacity of SHP plants in Slovenia in 2020 was
164 MW.* The total technically and economically feasible po-
tential of SHP in Slovenia is estimated to be approximately
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180 MW, indicating that 91 per cent has already been de-
veloped.® Compared to the World Small Hydropower Devel-
opment Report (WSHPDR) 2019, total installed capacity has
increased by 9 MW and potential has remained the same
(Figure 3).

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Slovenia (MW)

Potential

Capacity 475.0

Il WSHPDR 2022

Installgd 155.0 [ WSHPDR 2019
Capacity 157.0 W WSHPDR 2016
WSHPDR 2013

Sources: Ministry of Infrastructure,* WSHPDR 2019,° WSHPDR 2016,%
WSHPDR 2013°

Between 2019 and 2020, approximately 0.95 MW of SHP was
newly connected to the grid, accounting for almost 2 per cent
of all newly connected capacities for the year. The majority
of SHP in Slovenia is produced by small electricity produc-
tion companies and in 2020, these companies accounted for
127 MW of the installed SHP.* The major companies, HSE and
GEN Energija, typically operate large hydropower but there
are a few SHP plants owned by them as well. While it is dif-
ficult to obtain up-to-date data about the small production
companies and their projects, the newest SHP plant that is
operated by Dravske elektrarne Maribor, owned by HSE, was
the 0.023 MW Rogoznica plant commissioned in 2019.°

The last comprehensive analysis and planning of potential
SHP projects on the national scale was carried out by the
Energy Directorate in 2007. The study identified 33 SHP sites
with capacities of 1-10 MW and 6 sites with smaller capac-
ities. Most of these sites, however, are not in line with the
objectives of the Water Framework Directive (e.g., achieving
good ecological status) and are located in protected areas
of the Natura 2000 EU network.°®

The National Renewable Energy Action Plan 2010-2020
(NREAP 2010-2020) set the goal of increasing the installed
capacity of SHP plants to reach 177 MW by 2020, a goal that is
93 per cent reached.” The major challenge for SHP develop-
ment is to harmonize renewable energy and the ecological
objectives. Slovenia has many sites protected under Natura
2000, which stipulates special care to be taken in regards
to the environment at these sites, often preventing infra-
structure development including hydropower plants. The
regulatory basis does, however, include the guidance for
the Alpine Space and Danube Basin with the consideration
of Article 4.7 of the Water Framework Directive and Article
6.4 of the Habitats Directive. Both the Water Framework Di-
rective and the Habitats Directive offer the clause that, for
new development to take place, public interest should be
considered and the overall sustainable development ben-
efits of new electricity production must outweigh the en-
vironmental damage and that such societal benefits would
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not be achieved in a different, more ecologically sustainable
way.? The main principle to be followed is that the high-
er the ecological value of a water stretch (waterbody), the
higher the energy output should be. Therefore, regulations
favour the development of larger hydropower.

Consequently, the national plans for the upcoming decades
do not strongly push for SHP development. The Integrated
National Energy and Climate Plan of 2020 states that priority
should be given to upgrading and modernizing existing SHP
plants. However, it also foresees a possible increase of SHP
installed capacity to reach a total of 177 MW by 2040. The
same plan foresees a much higher increase of large hydro-
power installed capacity, possibly reaching up to 1,979 MW
by 2040.” Similarly, development of SHP is not addressed in
the Slovenian Network Development Plan 2021-2030, which
outlines four scenarios of future energy development with
varying levels of optimism for renewable energy shares.
Most scenarios envisage an increase in large hydropower,
while none of the scenarios include SHP. The fourth scenar-
io includes the largest increase of hydropower, foreseeing
an additional 562 MW of large hydropower spread between
five hydropower plants to be incorporated into the grid by
2030.°

Despite the fact that no explicit plans to expand SHP exist
in Slovenia, there is still feed-in financial support provided
to SHP projects through two schemes—operating support
(0S) and guaranteed purchase (GP). Both are provided for
a period of 15 years for new projects. The level of support
is defined each year and does not affect plants which are
already included in the support scheme (Table 1)

Table 1. Financial Support of Hydropower Projects in 2020

Tariffs (EUR/MWh (USD/MWh))

Scale of the proj-

ect Operating support Guari’;tae:: pur-
<50 kW 53.44 (55.88) 105.47 (110.28)
50 kW - 1 MW 40.58 (42.43) 92.61(96.83)
1MW - 10 MW 27.89 (29.16) 82.34 (86.09)
>10 MW 2212 (23.22) N/A

Source: Borzen™

RENEWABLE ENERGY POLICY

In compliance with the EU Directive 2009/28/EC, Slove-
nia published the National Renewable Energy Action Plan
(NREAP) in 2010, which covered topics such as the national
policy on renewable sources of energy, the expected gross
final energy consumption in the period between 2010 and
2020, individual targets and trajectories for each renewable
energy source, measures for achieving the binding target
shares of renewable energy sources and an estimation of
the costs of carrying out measures as well as of the impacts
on the environment. The plan defined the target of 25 per
cent of renewable energy in final energy consumption by



2020. The actual renewable energy share in final energy
consumption in 2020 was 22 per cent, approaching the goal
but not meeting it. Specific renewable energy targets for an-
nual generation included for hydropower to generate 5,121
GWh, biomass and waste 676 GWh, solar power 139 GWh and
wind power 191 GWh and for renewable energy to reach 391
per cent of total electricity generation.”® Actual generation
in 2020 shows that the solar power target was greatly sur-
passed, the biomass and waste and wind power fell con-
siderably short of their targets and hydropower reached 99
per cent of its target. Overall renewable energy electricity
generation missed the target by 4 percentage points.®

The competent authority responsible for the energy sector
is the Energy Directorate within the Ministry of Infrastruc-
ture. In the NREAP measure No. 38 “Proactive role of the
state in identifying environmentally acceptable locations
for exploiting hydropower potential”, it is stated that the
Ministry of the Environment and Spatial Planning will en-
sure the processing of already received petitions to initiate
the procedure for allocating water rights for the SHP proj-
ects. The Ministry of the Economy will undertake a study of
the costs and benefits of existing SHP plants, as a basis for
sustainable criteria, wherein it takes account of the environ-
mental, social and economic impacts.™

More recently, the country has adopted the Development
Strategy 2030 in 2017 and the Integrated National Energy
and Climate Plan in 2020, both of which lay down the out-
look for the energy sector for the upcoming decades. The
key objectives of these plans include for renewable energy
to reach 27 per cent in final energy consumption and 43 per
cent in electricity generation by 2030. The plans also seek
to improve energy efficiency and security to lead the path
towards a decarbonized economy. Individual targets for
renewable energy include for generation of solar power to
reach 1,866 GWh in 2030 and 5,361 GWh in 2040, wind power
to reach 248 GWh in 2030 and 577 GWh in 2040 and hydro-
power to reach 4,966 GWh in 2030 and 7,014 GWh in 2040. The
future of biomass depends on whether installed capacity of
it can transform to be purely biomass or remain as a cogen-
eration input in existing thermal power plants.”

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

The major barriers to SHP development in Slovenia include:
+ A lack of the efficient collaboration between sectors,
with each sector following its own objectives and not
properly applying the principles of the sustainable
development;

+ A lack of human and financial resources, which trans-
lates into inadequate data management, lack of su-
pervision and stronger position of water management
objectives in spatial planning and land use, inade-
quate maintenance of the water infrastructure and
watercourses and also unclear and non-straightfor-
ward decision making;

+ There is mistrust surrounding new SHP development,
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especially in the nature protection sector, since many
of the existing SHP plants do not follow obligations of
ensuring the environmental flow and meeting other
requirements related to the aquatic ecosystem pro-
tection;

+ There exists inadequate technical, economic, environ-
mental and risk awareness on the investors’ side, es-
pecially the smaller ones, who are not always aware of
the fact that investment in SHP projects with full con-
sideration of all technical, safety and environmental
aspects can require considerable time and financial
resources.®

The major enablers for SHP development in Slovenia in-
clude:
+ There are feed-in financial incentives such as operat-
ing support or guaranteed purchase offered;
+ Total SHP potential capacity has not yet been reached,
leaving room for feasible SHP development;
+ According to the national plans, there is opportunity
in upgrading and modernizing existing SHP plants.
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Spain
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on Small Hydropower (ICSHP)
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KEY FACTS

47,351,567 (2020)"

505,000 km?2

Spain has a diverse terrain characterized by a central plateau surrounded by various mountain ran-
ges. The Meseta Central Plateau, with an average elevation ranging from 500 metres to 700 metres
above sea level, is divided in the middle by the Central Sierra Mountains. To the north of the plateau
are the Cantabria Mountains, to the north-east and east is the Iberian Cordillera and to the south
are the Sierra Morena Mountains. The Pyrenee Mountains run along the north-eastern and eas-
tern boundaries of the country bordering with France and the Baetic Cordillera runs parallel to the
southern coast. Coastal plains run along the Mediterranean Sea to the south. The Balearic Islands
in the Mediterranean are a part of the Baetic Cordillera and the Canary Islands in the Atlantic Ocean
are of volcanic origin. The highest point on the mainland is Mulhacen at 3,481 metres and the highest
point of the whole territory is Teide Peak on the Canary Island of Tenerife at 3,718 metres.2

The climate varies between regions due to the peninsula’s size and diverse terrain. The north of
Spain has a temperate maritime climate influenced by the Atlantic Ocean with cool winters, warm
summers and heavy rainfall. Winters remain mild along the coasts but are cold in high elevations.
The central region has a temperate continental climate influenced by the Mediterranean with moun-
tains creating pockets of humid and arid zones. The south has a warm, Mediterranean climate occa-
sionally affected by the hot, dry North-Saharan airstream. Summers are hot, often reaching above
30 °C and winters are mild.2?

Climate change is expected to affect the country’s average temperatures and rainfall. There has
been a noticeable increase in average and minimum temperatures since the 1970s in most of the
country. In the southern plateau region, maximum temperatures have also increased with signi-
ficance, up to 1.62 °C. Warming is expected to continue, especially in the summers and in inland
regions and by the end of the 215 century, temperatures are expected to have increased by between
3 °Cand 6 °C. Rainfall patterns are expected to become more extreme. In the northern rainy zone
precipitation will most likely further increase and in the southern semi-arid zone precipitation will
most likely further decrease.?

Average annual rainfall in Spain has a wide range and can be categorized into three zones. The
rainy zone covers the northern and north-eastern regions where annual rainfall is above 1,000 mm,
surpassing 2,000 mm in some areas. The dry zone covers most of the country, covering the Meseta
Central Plateau region and spanning east to the coast and border with France. Average rainfall in
this zone is approximately 500 mm per year. Semi-arid zones receive the least amount of rainfall and
can be found in the south of the mainland near the coast and much of the Canary Islands. Average
annual rainfall in the semi-arid zones is less than 300 mm and, in some parts, barely reach 150 mm.?

There are approximately 1,800 rivers in Spain, though many stay dry for much of the year. There are
five major rivers, most of which begin in the interior mountains and flow westwards to empty in the
Atlantic Ocean. The Tagus, Douro and Guadiana Rivers begin in Spain but flow through Portugal to
reach the ocean while the Guadalquivir remains in the country’s territory to reach the Atlantic in the
south. The Ebro River is the longest river within the country’s boundaries and is the only major river
that empties into the Mediterranean. Beginning in the high altitudes of the north-eastern Pyrenee
Mountains and flowing southwards, it is also the river that has the most continuous flow regardless
of the season.?

ELECTRICITY SECTOR OVERVIEW

As of April 2022, total installed capacity in Spain was 114,196  just above 25 per cent (28,743 MW), combined cycle account-
MW comprising several sources. Wind power accounted for  ed for 23 per cent (26,250 MW), hydropower for 18 per cent
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(20,425 MW), solar power for 16 per cent (18,116 MW), nuclear
for 6 per cent (7117 MW), cogeneration for 5 per cent (5,656
MW), coal for 3 per cent (3,764 MW), gas turbines for 1 per
cent (1,149 MW), other renewable sources for 1 per cent (1,104
MW) and the remaining 2 per cent was split between diesel
(769 MW), waste (611 MW), steam turbines (483 MW) and fu-
el+gas power plants (8 MW) (Figure 1). Of total capacity, 57
per cent was from renewable sources and 43 per cent from
non-renewable sources. Compared to the installed capaci-
ty at the year-end of 2020, the total has increased by 3,371
MW and the renewable energy share has increased by 3 per
cent, primarily as a result of the increase of solar power by
more than 4,700 MW, the increase of wind power by more
than 1,200 MW and the decrease of coal by approximately
1,900 MW.

Figure 1. Installed Electricity Capacity by Source in Spain in
2022 (Mw)
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Total electricity generation in Spain for the year of 2021 was
259,905 GWh. Of the total, approximately 23 per cent was
generated by wind power (60,496 GWh), 21 per cent by nucle-
ar power (54,041 GWh), 17 per cent by combined cycle (44,493
GWh), 12 per cent by hydropower (32,244 GWh), 10 per cent
by cogeneration (26,078 GWh), 10 per cent by solar power
(25,660 GWh), 2 per cent by coal (4,986 GWh), 2 per cent by
other renewables (4,742 GWh), 1 per cent by waste (3,116
GWh), 1 per cent by diesel (2,517 GWh) and the remaining 1
per cent was made up of steam turbines (1,08 GWh) and gas
turbines (424 GWh) (Figure 2).5

The electricity sector in Spain is fully liberalized, a process
that began with the Electric System Planning Law (LOSEN)
of 1994 and completed with the Electricity Sector Law of
1997. This was in accordance with the European Union (EU)
Common Standards Directive 96/92/EC, which was passed
in 1996 calling for all EU members to liberalize their energy
markets.® This allowed any company to generate or distrib-
ute electricity and for consumers to be able to choose their
supplier. Although there are more than 300 electricity com-
panies in the country, three major companies controlled
over 65 per cent of the market share in 2019: Endesa (32
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per cent), Iberdrola (24 per cent) and Naturgy (9 per cent).’
All electricity transmission remains the responsibility of one
company, the Red Eléctrica de Espafia (REE), who manages
the country's 44,687 kilometres of high-voltage lines.?

Figure 2. Annual Electricity Generation by Source in Spain
in 2021 (GWh)
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The Ministry of Ecological Transition and Demographic Chal-
lenge and the Secretariat of Energy within it oversees the
energy sector as a whole and is responsible for implement-
ing energy legislations and policies.” The National Commis-
sion of Markets and Competition (CNMC) is responsible for
regulating the sector, supervising market competition and
ensuring transparency for consumers. The CNMC also coop-
erates internationally as a member of the Council of Euro-
pean Energy Regulators (CEER) and represents Spain in the
European Agency for the Cooperation of Energy Regulators
(ACER).® The Iberian Electricity Market (MIBEL) includes both
Spain and Portugal. Spot market trading is managed by the
Iberian Market Operator of Spain (OMIE) and future market
trading is managed by the Iberian Market Operator of Por-
tugal (OMIP).

The electrification rate in Spain is 100 per cent.? There are
two types of markets that determine electricity tariffs and
consumers are able to choose which market they would like
to pay on. The free market is unregulated by the Govern-
ment and prices are determined by the electricity company
in which a fixed rate would be established on the consum-
ers’ contracts. On the regulated market, the Voluntary Small
Consumer Price (PVPC) is offered to consumers with con-
tracts of 10 kW or less and prices are changed hourly, fluctu-
ating with supply and demand. Roughly half of the country’s
households choose the fixed rate and half choose to pay the
PVPC, however, recently more households are beginning to
switch to the fixed rate.”® As of April 2022, the PVPC price was
approximately 0.283 EUR/kWh (0.30 USD/kWh).* Since there
are hundreds of electricity companies within the country,
the free-market tariffs can vary greatly. The tariff offered
by the country’s largest company, Endesa, in 2022 was 0.23
EUR/kWh (0.24 USD/kWh).5



SMALL HYDROPOWER SECTOR
OVERVIEW

The definition of small hydropower (SHP) in Spain is an
installed capacity up to 10 MW. In 2021, the SHP installed
capacity was 2,145 MW from 1,098 plants throughout the
country.® The SHP potential is estimated at 2,185 MW." In
comparison with the World Small Hydropower Development
Report (WSHPDR) 2019, installed capacity has increased by
66 MW (3 per cent) and the SHP potential remained the
same (Figure 3). The increase of installed capacity is due to
an additional 39 MW in Andalusia, 8 MW in Galicia, 8 MW in
the Basque Country, 4 MW in Castilla La Mancha, 4 MW in
Castile and Ledn, 4 MW in Catalonia and a decrease of 1 MW
in Aragon since 2017

Figure 3. Small Hydropower Capacities in the WSHPDR
2013/2016/2019/2022 in Spain (MW)
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Most of the SHP activity in Spain is concentrated in four au-
tonomous communities of the country: Galicia, Catalonia,
Aragon and Castile and Leon. Together they represent al-
most 62 per cent of SHP installed capacity and over 70 per
cent of SHP electricity generation in the country (Table 1)

SHP development first entered Spain at the end of the 19t
century and was a favourable form of power generation un-
til its peak in the mid-20™ century. In 1964 there were 1,740
SHP plants in the country, however, large hydropower was
then seen as more economically beneficial. The popularity
of SHP declined and plants were dismantled, so that by 1978,
735 SHP plants remained. SHP development made a come-
back in the 1980s after the Energy Conservation Law 82/1980
was passed stating benefits of hydropower up to 5 MW. The
same year a hydropower feasibility study was carried out
that found in addition to what was already developed at the
time, there was a 34,000 GWh potential for all hydropower,
of which 6,700 GWh was untapped SHP potential.”
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Table 1. Installed Small Hydropower Capacity and
Generation by Region in Spain in 2021

Capacity Share of Generation Share of

Region (MW)  total (%)  (GWh) total (%)
Andalusia 180 8.4 136 2.6
Aragon 257 12.0 633 121
Asturias 76 35 214 41
Canary Islands 1 0 3 0.1
Cantabria 72 34 184 35
Castilla La Mancha 127 5.9 363 7.0
Castile and Le6n 258 12.0 626 12.0
Catalonia 289 13.5 798 15.3
Valencia 31 1.4 26 0.5
Extremadura 23 11 18 0.4
Galicia 521 24,3 1,545 29.7
La Rioja 27 1.3 72 14
Madrid 44 21 67 1.3
Murcia 14 0.6 47 0.9
Navarre 167 7.8 348 6.7
Basque Country 58 2.7 124 2.4
Total 2,145 100.0 5,206 100.0

Source: CNMC'®

RENEWABLE ENERGY POLICY

The resurgence of the SHP sector in Spain was due to the
Government’s support of the producers of renewable ener-
gy. This began with the Energy Conservation Law 82/1980
that suggested reducing fossil fuel consumption and en-
couraging the adoption of renewable energy with mention
of hydropower under 5 MW and solar power.? It was then
added to by the Royal Decree 2366/1994 which included all
other forms of renewable energy and changed hydropow-
er to 10 MW as an important energy source that should be
developed more.? The Electricity Sector Law 54/1997 set a
special regulation for sources of renewable energy with an
installed capacity below 50 MW and recognized the environ-
mental benefits of these sources by granting financial ben-
efits including premium pricing, so that renewable energy
sources can compete with traditional sources of energy.?

The Royal Decree 436/2004 of 12 March 2004, as developed
upon the Electricity Sector Law, set the legal and economic
framework for a Special Regime for the production of elec-
tricity from RES in order to consolidate the rules and to give
more stability to the system. The Royal Decree 661/2007,
published on 25 May 2007, superseded the previous decree
and added another regulation to the production system."
This decree set a new system aimed at renewable energy
plants in order to achieve the targets of the Renewable En-
ergy Plan 2005-2010. This plan established the goal to have
29.4 per cent of electricity generated using renewable sourc-
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es by 2010, which was achieved with a 33 per cent share of
renewable energy in generation in 2010.°

The Spanish economic crisis of 2008-2014, alongside the
increase of tariffs, has led to the adoption of a series of
contentious measures against renewable energy sources, as
they were seen as the cause of this increase. The Royal De-
cree 6/2009 of 30 April 2009 set the quota for the maximum
capacity that can be installed annually for all the renewable
energy sources within the special regime. A register was
created in order to allow plants falling under the special
regime to get access to the financial benefits of the Royal
Decree 661/2007. In the aforementioned register, renewable
energy plants could only be registered if the limit of renew-
able energy plants has not been exceeded."

At the beginning of 2013, the new Electricity Sector Law
(24/2013) was issued. The law foresees the possibility in
certain exceptional cases to establish retributive regimes in
order to promote the production of renewable energy. The
Royal Decree 413/2014 of 6 June 2014 regulates the genera-
tion of energy from renewable energy sources, cogeneration
and waste."

Royal Decree-Law 23/2020 of 23 June 2020 approves mea-
sures in the field of energy and in other areas for economic
reactivation. It enables the Government to establish anoth-
er remuneration framework, alternative to the specific re-
muneration regime, in order to favour the predictability and
stability in the income and financing of the new electrical
energy production facilities that are built from renewable
energy sources, which is essential to promote the develop-
ment of new renewable energy projects with the urgency
that is necessary to reach the community and international
commitments assumed by Spain in this matter. This remu-
neration framework, called the Renewable Energy Econom-
ic Regime, is based on the long-term recognition of a fixed
price for energy and is granted through competitive bidding
procedures in which the product to be auctioned will be
electricity, installed power or a combination of both, and
the variable on which it will be offered will be the remuner-
ation price of said energy.?

The 2020 targets for the renewable energy sector were de-
fined in the National Renewable Energy Action Plan (NREAP),
which follows the European Directive 2009/28/EC: 20.8 per
cent share in gross final energy consumption, 17.3 per cent
of heat consumption, 39 per cent of electricity demand and
11.3 per cent of energy demand. The first NREAP of 30 June
2010 was replaced by a new NREAP of 20 December 2011."

The Resolution of 25 March 2021 published the Agreement of
the Council of Ministers of 16 March 2021, which adopted the
final version of the National Integrated Energy and Climate
Plan 2021-2030. Its objectives include: a 23 per cent reduc-
tion in greenhouse gas emissions compared to 1990; a 42
per cent share of renewable energy sources in the final use
of energy; an increase of 39.5 per cent in energy efficiency;
and a 74 per cent contribution of renewable energy to total
electricity generation.* Two months later, Law 7/2021 of 20
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May 2021, on climate change and energy transition, was ap-
proved.”

SMALL HYDROPOWER LEGISLATION
AND REGULATIONS

There is currently no regulation published concerning the
residual flow. A recommendation could be made in the
sense that this flow should be variable during the year, to
enable a better adjustment to the differences of the natural
hydrological regime and to the spawning seasons.

Until 2012, there were two different support options (under
the previous promotion scheme as established by Royal
Decree 661/2007), a feed-in tariff (FIT) and a market premi-
um with a cap and a floor, on the sum of market price and
premium. However, on 27 January 2012 the Spanish Coun-
cil of Ministers approved a Royal Decree-Law “temporarily”
suspending the FIT pre-allocation procedures and remov-
ing economic incentives for new power generation capacity
involving cogeneration and renewable energy sources. The
move was a result of a tariff deficit of roughly EUR 26 billion
(USD 30.2 billion) in 2012, which was largely driven by the
incentives for renewable energy sources."

The 2014 Royal Decree 413/2014 (RD 413/2014) replaced re-
newable energy FITs with a return of 7.4 per cent over the
lifetime of a plant. It was introduced alongside the Order
IET/1045/2014, which specifies various parameters for cal-
culating the return for different types of renewable energy
plants.”

In the National Integrated Energy and Climate Plan 2021-
2030, there is only one single reference to the SHP technol-
ogy: “During the 2021-2030 decade, approximately 22 GW of
renewable electrical power will have exceeded its regulato-
ry useful life. Without a specific plan for the technological
renewal of these projects, it is foreseeable that there will
be a reduction in the installed capacity of renewable origin,
mainly made up of old wind farms and mini-hydropower
plants [...]. In order not to lose their energy contribution, it
is necessary to contemplate a specific plan for the techno-
logical renovation of these facilities”

BARRIERS AND ENABLERS FOR SMALL
HYDROPOWER DEVELOPMENT

Although SHP has played an important role in electricity
generation in the country, SHP development currently faces
several barriers:

Hydropower projects have to compete with other wa-
ter uses over the limited resources;

Some potential hydropower sites have not been stud-
ied in detail, thus there is lack of knowledge regarding
their actual potential;

In order to use water for hydropower purposes, li-
cences need to be issued, which is a complex ad-
ministrative process and requires an environmental



authorization approval. The excessive waiting time to
get approvals from regional and local organs slows
the development of potential projects;

« Difficulties in renewing the water concession periods
of the current hydropower plants mean that there is
the risk of some existing hydropower projects being
abandoned."

Enablers for SHP development in Spain include:
+ A fully liberalized market allows for any company to
generate and distribute electricity;
+ In order to reach the goal of 100 per cent of electrici-
ty sourced with renewable energy by 2050, SHP could
help reduce fossil fuel energy generation.

In the mid-term future, a good part of the thousand existing
SHP plants in Spain will be at the end of their concession.
For this reason, it is necessary to work on the regulation
of this concessional end to guarantee the investments that
allow the operation of the plants. Administrative simplifica-
tion or a call for auctions for technological renewal projects
are measures that must be considered.?

Note: The authors wish to mention and express gratitude for
the help received through the following project: Sostenib-
ilidad Territorial del Modelo Energético Bajo en Carbono.
Territorios y Energias Renovables - TERRYER (In English:
Territorial Sustainability of the Low Carbon Energy Model.
Territories and Renewable Energies - TERRYER). Ministerio
de Economia y Competitividad, Gobierno de Esparia (Entity:
Department of Economy and Competitiveness, Government
of Spain). Reference: C502017-84986-R - http://grupo.us.es/
terryer/index.php.
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