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Europe has a large tradition of Small Hydropower stations (SHP); these proliferate wherever there was an adequate supply of moving water and a need for electricity. As electricity demand grew many of these plants were abandoned. Today with the rising price of energy, SHP can be a solution to help rural electriﬁcation, furthermore SHPs do not consume the water that drives the turbines. The advantage of this technology is extremely robust and systems can last for 50 years or more with little maintenance. This paper summarizes an overview of SHP Hydropower in Europe. Hydropower on a small scale, or micro-hydro, is one of the most cost eﬀective energy technologies to be considered for rural electriﬁcation in less developed countries. Europe is a market leader of SHP technology. Optimal turbine designs are available and new technical developments oﬀer automated operation of SHP. The present role of SHP in Europe in the development of renewable energy sources is discussed through this paper. The main producers of SHP electricity in Europe are Italy, France, Spain, Germany and Sweden. On the other hand, 10 European countries are ranked based on the total numbers of SHPs: Germany (7,512), Italy (2,427), France (1,935), Sweden (1,901), Spain (1,047), Poland (722), Romania (274), Portugal (155) and UK (120). The research shows that there is a considerable scope for development and optimization of this technology. This opens new perspectives because it has a huge, as yet untapped potential in most areas of Europe and can make a signiﬁcant contribution to future energy needs.



1. Introduction Hydroelectric energy is a continuously renewable electrical energy source, it is non-pulling, It has no fuel cost and is advantageous for its low operation and maintenance. Hydropower is that generated by the movement of water bodies. The water ﬂows via channel or penstock to a waterwheel or turbine where it strikes the bucket of the wheel, causing the shaft of the waterwheel or turbine to rotate. When generating electricity, the rotating shaft, which is connected to an alternator or generator, converts the motion of the shaft into electrical energy. Hydroelectric plants are more cost eﬀective compared to other types because; although its construction cost is higher, once put into operation have some operating costs and relatively low maintenance provided that the average year rainfall conditions are favorable [1]. The inherent technical, economic, and environmental beneﬁts of hydroelectric power make it an important contributor to the future world energy mix, particularly in the developing countries [2]. The hydro-



power is the leading source of renewable energy, providing more than 97% of all electricity generated by renewable sources [3] Village-scale hydro-electric programmes exist in many developing countries throughout the world [4]. Technically feasible hydropower estimated at nearly 15,000 TWh/year still exists in the world today, mostly in countries where increased power supplies from clean and renewable sources are most urgently needed to progress social and economic development [2]. As far as Europe is concerned, technical potential in Europe in terms of annual generation hydroelectric energy is 1,021 TWh/year and the Technical potential installed capacity was 338 TWh/year in 2009 [5]. Countries with the largest production hydroelectric energy during the years 1995–2011 were: Norway (an average of 120 TWh, which accounts for 21.81% for Europe and 3.54% for the world), Sweden (66 TWh on average, which represents 12.03% for Europe and 1.95% worldwide) and France (61 TWh on average, 11.08% for Europe and 1.80% for the world) [6]. Europe has developed 75% of hydropower potential, whereas Africa has only developed 7%
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provides only 1.5% in the UK [17]. Micro-hydro is one of the most environmentally benign energy technologies available. The technology is extremely robust and systems can last for 50 years or more with little maintenance [18]. For 2002, the UK has 100 MW of small hydro capacity operating from approximately 120 facilities [8]. Fig. 2 shows the evolution of the installed SHP from 2007 to 2011, the total installed capacity and the electricity generation in the United Kingdom. So, the total number of power plants in UK increased through the period 2007–2011, the total of SHPs in 2007 (86 SHPs) and for year 2011 (183 SHPs). The Gross Installed Capacity was increased slightly in the same period (2007–2011), the maximum Gross Installed Capacity equals 218 (MW) in 2011. In addition, the maximum Gross electricity generation scores 697 (GWh/year) in 2011.



Table 1 Detail of Small-scale hydropower classification by installed capacity (MW) in some countries and organizations. Installed capacity (MW)



Countries



Organizations



≤10



France, Norway, South Africa, Czech Republic, Spain, Italy



International Energy Agency, World Commission on Dams, ESHA (European Small Hydropower Association), IEA Small Hydro



≤15 ≤20 ≤25 ≤30 ≤50



Sweden, UK EU India Brazil New Zealand, Philippines USA



≤100



2.2. Portugal As shown in Fig. 3, the total number of power plants in Portugal increased slightly through the period 2007–2011: the total of SHPs was 137 in 2007 and 157 for year 2011. The Gross Installed Capacity was increased slightly in the same period (2007–2011), the maximum Gross Installed Capacity equals 453 MW) in 2011. In addition, the maximum Gross electricity generation equals 1,605 (GWh/year) in 2010. The hydropower capacity is foreseen, to be about 7,000 MW increasing the hydropower generating capacity potential from 46– 70%, in Portugal for the year 2020. Promotion and development of small hydropower aim to increase by 50% the actual capacity [19]. The number of SHPs has increased from 137 in 2007 with an installed capacity of 399 MW to 157 plants in 2011 with an installed capacity of 453 MW [14].



[7]. In this article, SHP refers to hydraulic power plants with less than 10 MW installed power, which is commonly called “Small Hydropower” in a majority of institutions or international agencies. However, in some countries like China or India this value increases to 25 MW [8]. Table 1 shows a brief detail of Small-scale hydropower classiﬁcation by installed capacity (MW) in some countries and organizations. International organizations generally opt for 10 MW as the limit for SHP. Small hydroelectric plants have individual capacities of 10 MW or less [9], and very small 5 kW [10]. The contribution of SHP to the worldwide electrical capacity is more of a similar scale to the other renewable energy sources (1–2% of total capacity) amounting to about 47 GW (53%) of this capacity in developing countries [11]. We have to take into account that hydropower technology is regarded as the most mature of all considered RESs [12]. In electric power generation, small SHPs have special importance thanks to their low administrative, executive costs, and short construction time compared to large power plants [13]. Small Hydropower electricity supplies electricity for over 13 million households in Europe, which contributes to 29 million tones of CO2 avoidance annually [14]. The principal objective of this work is to study the evolution of the produced by small hydropower in Europe and the major ﬁeld of investigation. Concretely, it brings deeper analysis on Dam and penstock, turbines, pumps and generators, control strategies and costs, socials aspects and environmental issues.



2.3. Italy The total number of SHP in Italy increased through the period 2007–2011, being the total of SHPs in 2007 about 1,835 and 2,601 for year 2011. The Gross Installed Capacity was increased slightly in the same period (2007–2011), the maximum Gross Installed Capacity equals 2,896 MW in 2011. Also, the maximum Gross electricity generation equals 10,958 GWh/year in 2010 (see Fig. 4). In Italy, the potential energy production by SHP plants is expected to be 12,000 GWh/year by 2020 [14]. Italy is one of the largest producer of hydroelectric power in Europe in terms of reference to SHP. It increased since 2007 where it generated about 4,000 GWh to 10,958 GWh generated in 2011 with 2,601 SHPs.



2. Small hydropower energy production in Europe



2.4. Germany



In this review, we have to understand Gross Installed Capacity as the maximum electric output that the whole of facilities can produce and Gross electricity generation as the amount of electricity that the facilities have produced over a speciﬁc period of time, usually one year. The vast majority of installed SHP capacity (81.5%) in Europe is concentrated in 6 countries. According to the number of facilities installed, this is lead by Germany (7,512), followed by Austria (2,589) and Italy (2,427) as shown in Fig. 1. These largest EU producers of electricity from SHPs in recent years are Italy (2,751 GWh ); accounting for about 21% of the total SHP installed capacity, followed by Spain (15.5%), Germany (14%), Austria (9.4%), Sweden (7.7%) and France (7.5%) [15] as shown in Fig. 1, data extracted from [14] in year 2010 (last year with full data for all analyzed countries).



The total number of power plants in Germany increased slightly through the period 2007–2011, the total of SHPs in 2007 was 7,503 and the total of SHPs in 2011 was 7,512 as Fig. 5 shows. Germany, since 2007–2011 has scarcely increased the number of SHP, been 7,512 in 2009 and 7,516 in 2011, with 1,723 MW installed that produced 8,352 GW/h/year in this year [14]. 2.5. France The history of hydropower is linked to France because the ﬁrst hydropower plant was successfully built in this country around 1880 [20]. Hydropower is the second source of electric power generation in France [21]. In France, the total number of power plants increased slightly through the period 2007–2010, as shown in Fig. 6. The total of SHPs were 1,825 in 2007 and 1,935 for year 2010. France is one of the largest producer of hydroelectric power in Europe in terms of SHP and refers generating 6,820 GWh in 2010, but suﬀering a signiﬁcant decline in 2009 for both installed capacity and electricity generation. The maximum Gross Installed Capacity equals 2,110 MW in year 2010 and



2.1. United Kingdom The negation of fuel costs, technology eﬃciency, low operating and maintenance costs and reduced environmental impact, contribute to make hydropower an attractive option [16]. Hydropower currently 477
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Fig. 1. Map of 25 top European Countries of total installed capacity SHP, total generation energy SHP and number of SHPs. (2010).



and a pumped (Hydro energy) storage plant (PSP). [22] presents and analyzes pumped storage plants, layouts and a clear methodology for determining the renewable electricity generation from mixed pumped storage plants (PSPs) operating all over the EU. In Poland, among 6 PSP in 2011, only 3 of them barely operate in the pumping regime, and 98.8% of their generation in the period 2007–2011 could be counted as renewable [22]. In summary, it can be seen that the installed capacity has been increasing but nevertheless electricity generation has remained stable.



the maximum Gross electricity generation equals 7,000 GWh /year in 2008.



2.6. Poland The number of SHP has increased from 681 in 2007 to 739 in 2011; this means a ratio of almost 12 new SHP a year, as shown in Fig. 7. The maximum Gross Installed Capacity equals 281 MW in 2011 and the maximum Gross electricity generation equals 1,035 GWh/year in 2010. But the Normalized Electricity Generation was 958 GWh in 2011. The summary in this period, the Gross installed capacity has increased 7.2% and the Normalized Electricity Generation has increased 7.8%. Hydropower storage facilities are generally divided into two main categories: hydropower with a reservoir or conventional (pure) hydro



2.7. Romania Romanian National Renewable Energy Action Plan (NREAP) has promoted the use of energy from renewable sources in accordance with 478
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Fig. 2. Installed capacity, electricity generation and SHP in United Kingdom.



Fig. 3. Installed capacity, electricity generation and SHP in Portugal.



Fig. 4. Installed capacity, electricity generation and SHP in Italy.
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Fig. 5. Installed capacity, electricity generation and SHP in Germany.



2.9. Czech Republic



the Directive 2009/28/EC of the European Parliament [23]. In 2007 the hydro electric energy production was representative with 15.7%, and in 2013 were 30.0% in hydropower (www.transelectrica.ro. The number of SHP in Romania has increased of 236 in 2007 to 305 in 2011. The Gross electricity generation has remained stable around 600 GWh/year in this period, as shown in Fig. 8. The maximum Gross Installed Capacity equals 433 MW in year 2011 and the maximum Gross electricity generation equals 774 GWh/year in 2009.



The early twentieth century the Czech territory was at the top of Europe in terms of using hydropower and thanks to speciﬁc hydrologic conditions, the hydraulic propulsion was widespread [24]. The total number of power plants in Czech Republic increased slightly through the period 2007–2011. The total SHPs installed in 2007 were 1,405 and for year 2011 were 1,475 (Fig. 10). The Gross Installed Capacity was increased in the period 2007–2011, but the Gross electricity generation can be considered stable for this period. The maximum Gross Installed Capacity equals 297 MW in the years 2010 and 2011, and the maximum Gross electricity generation equals 1,159 GWh/year 2010.



2.8. Austria Austria has increased the total number of power plants through the period 2007–2011, the total of SHPs in 2007 was 2354 and 2993 for year 2011, as shown in Fig. 9. The Gross Installed Capacity was increased slightly in the same period (2007–2011), the maximum Gross Installed Capacity equals 1,284 MW in 2011. In addition, the maximum Gross electricity generation equals 5,778 GWh/year in 2011. It can be seen that the installed capacity and electricity have been increasing in parallel; this is a good example of this resource optimization.



2.10. Slovenia In Slovenia, the number of power plants in Slovenia increased slightly through the period 2007–2011, so, the total number of SHPs was 456 in 2007 and 471 in year 2011 (Fig. 11). The Gross Installed Capacity was increased slightly in the period 2007–2011. The max-



Fig. 6. Installed capacity, electricity generation and SHP in France.
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Fig. 7. Installed capacity, electricity generation and SHP in Poland.



Fig. 8. Installed capacity, electricity generation and SHP in Romania.



Fig. 9. Installed capacity, electricity generation and SHP in Austria.
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Fig. 10. Installed capacity, electricity generation and SHP in Czech Republic.



imum Gross Installed Capacity equals 118 MW in 2011 and the maximum Gross electricity generation equals 587 GWh/year in 2009. Slovenia is still far away from meeting its renewable energy targets. The most signiﬁcant RES for electricity production is still hydro power, which in part relies on a large amount of old, small hydro power plants. Their renovation as well as the installation of additional new units is a principal part of Slovenian strategy for use of renewable energy sources [25].



shown that a small hydro power plant can be upgraded yielding an increase in active power by 1 MW [27]. Four relatively big rivers, representing about 17 TWh per year, Vindelälven, Kalix älv, Pite älv, and the Swedish section of Torne-Muonio älv, are unexploited and are protected from future exploitation, except a small hydropower plant in Pite älv [27].



2.11. Sweden



The energy crisis of the 1970 s led to a reformulation of the prevailing energy paradigm [28]. Other authors explain that is imperative to reduce existing uncertainties regarding changing environmental regulations and open-ended licensing procedures in order to attract investment capital [29]. Total installed hydropower is 18,682 MW of which 1,974 MW (10.6%) is SHP in Spain [30]. As shown in Fig. 13, the total number of power plants in Spain increased slightly through the period 2007–2008, but there is a drop in 2009, 553 SHPs from 1,250 SHPs in previous year. In addition, the Gross Installed Capacity was increased in the period 2007–2010. The maximum Gross Installed Capacity equals 1,926 MW in 2010, and, the maximum Gross electricity generation equals 4,719 GWh/year in 2010. It can be observed that installed capacity and electricity genera-



2.12. Spain



Hydropower is historically the most important electric energy source in Sweden [26], so hydro power stands for almost half of the energy production [27]. Sweden increased slightly the number of SHP through the period 2007–2011, so, the total SHPs were 1,813 in 2007 and 1,867 in 2011 (Fig. 12). The Gross Installed Capacity was increased in the same period. The maximum Gross Installed Capacity equals 1,283 MW in 2011 and the maximum Gross electricity generation equals 4,350 GWh /year in 2011. In summary, Sweden has increased almost linearly its installed capacity of SHP since 2007; constantly holding down the next power generated 4,500 GWh, ranking within the top ﬁve producers of SHP in Europe. The research has



Fig. 11. Installed capacity, electricity generation and SHP in Slovenia.
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Fig. 12. Installed capacity, electricity generation and SHP in Sweden.



225 small hydro plants with a total capacity of 1,032 MW and 30 mini hydro plants with a total capacity of 159 MW have been planned in Turkey. At present, the total installed capacity of SHPs is 176 MW in 70 locations, with annual generation of 260 GWh [36]. 279 of hydropower plants are between 0–10 MW and their installed capacity is 1,490 MW [37,38].



tion have been increasing in parallel from 2009 to 2011. 2.13. Turkey Development of SHP began in 1902 in Turkey [31] but until 2001 the energy market in Turkey was not liberalized [32], since that year the SHP related engineering research has proliferated, as the European country that provides more articles on this topic. Turkey has a mountainous landscape with an average elevation of 1,132 m that is about three times higher than the Europe's average; this topography favors the formation of high gradient mountain streams which are suitable locations for SHP development [33]. Turkey has an abundant hydropower potential to be used for generation of electricity and must increase hydropower production in the near future [34]. Related to hydroelectric power projects in Turkey, [32] says that there were 1,524 hydroelectric power projects with 22,360 MW installed capacity until January 22nd in 2009. Turkey's hydro electric potential can meet 33– 46% of its electric energy demand in 2020 and this potential may easily and economically be developed [34,35]. Small-scale hydropower is underdeveloped, with 90 plants in operation compared with 350 prospective development sites and a total potential production of 33 TWh of electricity per year [36], but [33] reports in its study that



2.14. Norway In 1992 Norwegian Water Resources and Energy Directorate made a study on the annual energy potential from up rating and refurbishing hydropower plants, with an installed capacity less than 1,000 kW. The study concluded that approximately 400 GWh could be harnessed by improving old schemes, and approximately another 300 GWh could be produced in new plants. In Norway, the major increase in new hydropower plants was in the period after World War II and until the middle part of the 1980′s. Today, there are 565 hydropower plants with an installed capacity above 1 MW, and mean annual production is about 118 TWh. The capacity is approximately 28,000 MW. The amount of small-hydropower plants is about 44% (http://www.small-hydro.com). The number of existing micro and mini hydropower plants was assumed to be 300, and with an annual production about 300 GWh.



Fig. 13. Installed capacity, electricity generation and SHP in Spain.
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Related to engineering ﬁeld of SHP most of research are related to optimization, most of them related to the tuning criteria consider the elastic water column eﬀects in the penstock [43]. [44] concludes that the analysis of penstock diameter shows that design for less than 10% head loss is likely to give the optimum economic choice. [45] studies the optimal hydroelectric facility for heights less than 2.5 m, as other authors conclude that conventional turbines are the most suitable for these pressures. [46] studies a simple hydraulic problem in the penstock of a SHP in Valsan (Romania); this penstock was modeled in EPANET software, after the system was implemented, another series of measurements were performed at the site in order to validate it. They developed a system for detection and location of a breakdown, however it works accurately only in steady ﬂow conditions of the system. The drive trains for most of the renewable energy systems include a gearbox to increase up to 30 times the speed of turbine shaft to the generator the speed increasers for hydro applications must have an acceptable eﬃciency, reduced overall dimensions, complexity and a reduced technological cost [47]. Most of Small hydropower facilities are “run-of-river”, this is without dam [48], for those inﬂatable weirs for dams can be useful in shp projects [49].



order to know the most economical conﬁguration for small hydroelectric, concluding that is better to use a propeller turbine if the course of water is of suﬃciently regular nature, whereas the (Michell-Banki) turbine is the preferred choice for torrential water courses. [56] in 2013, demonstrates in his article as a hydraulic auger used ﬂow rates up to 5 m s−3 and heads up to 10 m, this equipment works by gravity with water producing torque on a transmission driving a generator connected to the auger in order to produce electricity it can get the same result from production of energy with a (Michell-Banki) turbine. In Germany, [57] investigates the use of a class of Doubly-Fed Induction Generators for the energy conversion process in SHS. Their simulation studies of a 600 kW induction generator shows that up to 6% gain in eﬃciency can be achieved. [58] presents also a new concept of a SHP with a Permanent Magnet Synchronous Generator (PMSG). The PMSG used in the proposed solution leads to a signiﬁcantly better system performance over a wider operating range than conventional systems that use a gearbox and an induction generator. In Romania, [59] analyzes the inﬂuence of introducing a speed increaser between a Turgo turbine and the generator in a SHP. The generator is tested on experimental stands in order to ﬁnd the mechanical characteristics and using (Matlab - Simulink) software; it guarantees the good functioning of the physical prototype of small hydropower plant in certain conditions. Focused on engineering research for SHP, [60] proposes a novel model design for SHP using linear and nonlinear turbine model without surge tank eﬀects. This would be very useful as alternative controller for load frequency control in an isolated SHP. [61] proposes a parametric design-optimization procedure which consists of parametric geometry modeling, computational ﬂuid dynamics analysis and structural veriﬁcation for Francis type turbine. [62] studies how to minimize water hammer in networks of pipes of a hydroelectric plant through a computer program. This program was used to solve nonlinear partial diﬀerential equations of transient ﬂow, proving that the risk of overpressure in hydroelectric facilities could be minimized. Related to this issue, [63] studies the water hammer in hydroelectric power plants, modeling a rigid and elastic water column, resulting in an optimum degree of inclination of the tank which minimizes water hammer. The water hammer is expected to occur due to sudden stoppage of pumps, therefore, the research on a pumped discharge line with joint use of protective devices against water hammer are issues to be investigated [64].



3.2. Turbines, pumps and generators



3.3. Control strategies and costs



The main technologies used in an hydropower facility consist on: dammed reservoir, run of river, pumped storage, in stream technology and new technology gravitational vortex [50]. In this regard, in Europe, the research is focused on the main elements of electromechanical equipment that are: turbines, pumps and generators. Basically, there are two types of turbines: impulse turbines and reaction turbines. There are several types of impulse turbines: Turgo, Pelton and cross ﬂow turbines. However, most reaction turbines are of axial ﬂow turbine (Kaplan turbine) type. Reaction turbines have a better performance in low head and high ﬂow sites compared to impulse turbines [51]. [52] renders in small-scale laboratory dam which adds a siphon turbine and a generator, this model allows a conceptual design without the need for computationally intensive co-optimization of components, optimizing speed and pressure parameters. [53] studies a mathematical model in which it disclose the use of a small siphon to remove air from the premises (Which is pumped independently) and increases the production of hydroelectric stations. [54] presents a kinetic hydropower for small channels, the device extracts energy from a ﬂow of water using an elongated vertical axis turbine, where a series of sails are mounted between two belts at the top and bottom of the device, rotating in the horizontal plane. In Italy, Montanari in 2003 [55] investigates the curves of two types of pumps. The pumps (MichellBanki) and the propeller pumps are analyzed with few variables in



In 2013, [65] investigates the power production that SHPs need for the proper operation of the Power System, for preparing bid oﬀers in the electricity markets, and for the maintenance scheduling of these power plants. The Power System Operator needs to know in advance the variability in the hydro power production, especially if this production can experience signiﬁcant ramps (increase or decrease greater than the 40% of the rated power) in very short periods (less than half an hour). These production ramps are due to the tariﬀ schemes used in the electric energy production. On the other hand, the bid oﬀers to the electricity market, from other producers, can depend on the intermittency in the SHPs production. The new statistical model proposed in his investigation, this uses forecasted precipitation values obtained with meteorological models, and utilizes them in the forecasting of the hourly average power production in SHPs. One of the main innovations in the model developed is the representation of the available hydraulic resource, by using an original index, that is, the hydrological power potential, HPP, which includes the inertia of the hydro-resource. This approach allows the modeling of the electric power production, with increases in the periods with precipitation, and decreases in dry periods. In Italy, [66] with seven technical and economic parameters were evaluated (the turbine type, the machine dimensions, the annual energy production, the maximum installation height to avoid cavitation inception, the machine cost…etc.) they



During the period with focus on implementing large hydro, most of the micro and mini hydropower plants were closed down. The main reasons for these closing were the developing operation cost and the unreliable electricity production. 3. Small hydropower research in Europe Between renewable energies, Hydropower is not the most studied as it has a very mature technology [12]. However the Small Hydropower Plants has been undergoing a resurgence of interest, e.g. to consider the irrigation networks role and estimate the hydropower potential of canal systems in Italy [39] or Middle east countries as Syria [40]. Mainly, it is being studied in many countries as a source of energy for rural electriﬁcation sections [41,42]. In the following sections an overview of research carried out in Europe is collected related to small hydropower. 3.1. Dam and penstock
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developed a model based on the available ﬂow that allows you to choose the optimum turbine. In Germany, [67] analyzes the appropriateness use of water wheels to exploit low pressures of water results as an eﬀective solution with these optimal cost, properly designed overshot wheels having an eﬃciency of 85% and undershot wheels of Q < 1.0 . This makes this type of energy approximately 75% for 0.2 < Q max converter suitable for the exploitation of highly variable ﬂows. In a subsequent investigation, [68] concludes that this eﬃciency could be 87% modeled after the waterfall. In Poland, [69] studies the concept of a energy conversion system for application in a SHP, where the RMS voltage and the frequency of the PM generator can change about ± 30% with respect to nominal values since the hydro-set operates with variable speed; they proposed an original algorithm of control strategy for power electronic unit was used to adjust generated energy to the required parameters of the three-phase grid. In Romania, [70] studies how standard pumps can be used in hydro systems when installing or upgrading small hydropower plants and it shows that pumps operating backwards could compete with turbines, they are easy to ﬁnd, for a large domain of head and discharge and the cost is low comparing to that of a turbine, allowing reduced investment costs for small hydropower plants or hydropower plants with low power output. Related to the engineering research in Spain, [71] develops diﬀerent equations through which you can get the cost of modernization, renovation or new construction of a small hydroelectric no need to develop a complete project, the result of study will allow us to obtain quite approximate costs for the refurbishment of old hydropower plants, or the construction of new ones and [65] develops a novel short-term forecasting model for the next seven days (Named H4C) for hourly average electric power production of SHPs. In 2005, [72] presents planning models for hydraulic energy systems by means of a new computational tool based on a Geographic Information System (GIS). The developed software tool is ﬂexible, appropriate for studying diﬀerent scenarios, and can analyze geographically the economic competitiveness of a small hydraulic energy system compared with that of other generation systems. Turkey [3] studies the price oﬀered for electro mechanic equipment is 385 eur/kW; this price also includes inlet valve, turbine (Francis Type), and electrical equipment, automatic control system, warning system, mounting, test and test operation. He concluded that Hydroelectricity could be produced for an average of 0.85 cents per kWh. [33] discusses the current situation of SHP plants in terms of government policy, economical aspects and environmental impacts taking EU policy into account. They conclude that investment and operating costs are in favor of SHP development in Turkey as having the lowest costs among European countries (300–1000 €/kW) as investment cost and 0.01 eur/kWh as operating cost, a little more expensive than a few years earlier studied [3]. The use of a multi-objective optimization model to maximize total hydropower production [73], while limiting negative impacts on river connectivity was studied in UK [74]. Thus, the development of small hydropower installations in Wales was examined to establish the economic and community beneﬁts of such schemes [75]. Due to the infrastructure-related water ﬂow dynamics of Dutch rivers, existing constructions such as weirs make opportunities for small hydropower facilities, due that they improve the water availability and allow control the water ﬂow [76]. Small hydro power plants are characterized by investment costs that cannot be properly estimated, for that, a new approach based on power, net head and design ﬂow rate was developed in Italy [77].



have no electricity supply [29]. [44] in 2009 concludes that mini hydroelectric power is the cheapest option in terms of energy production for rural electriﬁcation. Micro hydro scheme provides 25 kW of electrical power which serves almost 130 families [79]. In Portugal, [19] showed that the technical feasibility of the hydropower addition to the Coimbra dam-bridge; maintain its use as multi-purpose plant. The electricity produced is more than enough to supply the ﬂeet of electric mini-buses and trolleys, allowing for the future expansion of this ﬂeet. In addition to electricity production, the research in Austria [24] shows that SHPs help to optimize drinking water treatment process because it aids to aeration of water after it goes through the turbine and it has another beneﬁt that is better mixing of additive with treated water after its distribution in the whole space of the contact tank. The importance for energy policy for electricity sector in Turkey was studied using an integrated life cycle sustainability assessment and how tensions between diﬀerent aspects can be reconciled to identify winwin solutions considering environmental, economic and social aspect [80]. These three spheres of sustainability (environmental, social and economic) were also studied to assess the best solutions for enhancing the production of renewable energy in the Alps, also considering small hydropower [81]. In South East Europe, this is for 9% of Europe's total population, achieving 100% renewable energy system also promises to be ﬁnancially beneﬁcial. Additionally, energy eﬃciency measures will play an important role in the transition to the zero-carbon energy society [82]. 3.5. Environmental issues Pinho et al. [83] investigates a review mechanisms EIA (Environmental Impact Assessment) and concludes that multidisciplinary teams in EIA studies, better understanding of the technical complexities of the projects under analysis with engineers, architects and project designers in EIA teams, availability of project speciﬁc EIA guidance, are all aspects that may prove decisive to an eﬀective improvement of the quality of EIA reports. In Germany, [84] studies the installation a small reservoir of water equipped with a Dive turbine and a gate which determines the amount and degree of impact of falling water, which allows the sediment cleanup and disposal of ﬁsh by reducing the mortality of these. This is suitable in dams height to between 2 and 10 m, located in a river with an average discharge higher than 3 m s−1. One of the main research related to small-scale hydroelectric power stations in France was the study of advantages and drawbacks of each type of ﬁsh pass, with reference to the requirements of migratory species and the site-speciﬁc constraints [21]. This study was applied in several countries such as Canada [85], Portugal [86], UK [87], Sweden [88] or Australia [89]. One of the main research done in Austria related to hydropower was related to ecology; how water entering the proglacial river from a hydropower storage reservoir caused signiﬁcant increases in water temperature during both late summer and early winter and it is well known that Water temperature has a direct inﬂuence on the metabolism of many aquatic organisms and additionally aﬀects freshwater ecosystems [90]. [91] provides a characterization of the water quality status in a river stretch around a SHP plant on river Lérez, northwest Spain, for four years after its construction the SHP plant caused an adverse eﬀect in the ecosystem with respect of the physicochemical parameters and biological quality of the water (Temperature, Dissolved Oxygen and pH). However, this was a transitory situation and, within two years, both physicochemical parameters and the biological quality of the water achieved conditions that are ecologically compatible. [92] studies the ability of hydropower plants to quickly respond to short-term changes in electricity demand. So, associated to reservoirs with enough storage capacity, are usually operated to supply variable power during periods of peak demand. This provides operational ﬂexibility to the electric grid and avoids to some extent the power level variations in thermal plants. However, these ﬂuctuations in water levels associated to peaking operation can cause



3.4. Social aspects Many SHP articles wrote in UK are related to rural electriﬁcation or small town and sometimes in needy areas in developing countries [78]. Hydroelectricity can be an important contributor to meeting future energy needs, notably in developing countries where two billion people 485
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this is also lead by Portugal 8.84 GWh , followed this time by Finland and after 8.64 GWh by Greece 7.64 GWh . Another important Issue is the employment; this is leaded by France with 12,000, and followed by UK 4,526 and Italy 3,000. If this is studied by the average of the facilities of each country, this is leaded by UK 37 employment in average by facility, followed by Hungary 13 and Netherland 11.



considerable ecological damage to downstream river ecosystems. [36] shows that Turkey's rate of energy-related carbon emissions growth, with emissions climbing from 57 million tons in 2000 to almost 210 million tons in 2020. [93] highlights the advantages of Hydroelectric for environment against other energies, because he reported that hydroelectric plants generally have small emissions of CO2 and CH4 due to reservoir emissions, and emit without SO2, NOX, particular materials, or other pollutants associated with combustion. Small hydropower in Norway [94] investigates how investments in renewable electricity production are aﬀected by climate policy uncertainty which translates uncertainty into investment risk and [95] analyzes how market power might aﬀect the allocation of production between seasons (Summer and Winter) in a hydropower system with reservoir constraints and inﬂow uncertainty. Facilities based on Small hydropower have become especially attractive to lawmakers and developers alike because they use lowimpact designs that have minimal cost and environmental impact compared to conventional hydropower ones [96]. Unfortunately, there are a lot of studies against the river ﬂow regulation in Europe. E.g. Salmonid rivers in Austria are considerably regulated by small hydropower facilities, resulting in potential declines of the spawning habitats of salmonids [97]. Thus, small hydropower development in Europe has been hindered by regulations to address environmental concerns.



5. Conslusions This paper summarized an overview of small hydropower and its research trends in Europe in order to prompt renewable resources, environmental and sustainability practices. Small hydropower is an option for rural electriﬁcation with the advantage to quickly respond to short-term changes in electricity demand in rural areas. The main producers of SHP electricity in Europe are Italy, France, Spain, Germany and Sweden. However, this is not the order of these countries as SHP research relates. The research leads that the ranking in Europe is as follows: Turkey, followed by UK and Portugal, these are countries with curiously little impact in terms of energy generated SHP. Related to the engineering research of small hydropower in Europe, the main research is developed by these countries: Turkey, UK, Portugal, Italy, Germany, Poland, Romania, Spain, and Norway. As for the electrical energy generated by the force of ﬂaming water, technology used is still based on traditional turbines, robust and durable. Although hydropower technology is regarded as one of the most mature technology among all considered RESs, the research has focused on adapting the various types of turbines and facilities to the type of head and ﬂow for optimum performance-cost production with low maintenance and high durability. Researchers mainly focus their eﬀorts on improving returns covering areas such as reducing water hammer, to improve the performance of intermittent production due to rainfall and varying the voltage or frequency generator to improve the energy conversion. As a main conclusion, it is highlighted that small hydropower depends



4. Results comparison Table 2 summarizes de data of EU-25 for year 2010. The table is ordered ﬁrst by Total installed capacity (MW). It can be observed that there are a group of countries with more than 1000 MW of SHP installed, with very diﬀerent structure due the numbers of facilities (power plants). Thus, if one pay attention to the average of installed capacity by power plant, it is observed that Portugal leads with 2.9 MW by power plant, followed by Greece 2.03 MW and Finland 1.99 MW . Related to the eﬃciency, this is the average of Generation by facility, Table 2 Comparison of SHP in EU-25 for year 2010. Country



Total installed capacity (MW)



Generation (GWh)



Number of power plants



Mean (total installed/n)



Mean (generation/n)



Potential (GWh)*



Number of companies



Employment



Civil works (estimation)



Employment/N



Romania Slovakia The Czech Republic UK Hungary The Netherlands Portugal France Bulgaria Greece Slovenia Poland Ireland Finland Latvia Lithuania Spain Italy Luxemburg Estonia Belgium Austria Denmark Sweden Germany



387 80 297



719 303 1159



274 279 1452



1.41 0.29 0.20



2.62 1.09 0.80



1380 344 1153



n/a 135 640



n/a n/a n/a



n/a n/a n/a



n/a n/a n/a



230 14 3



750 67 8



120 36 17



1.92 0.39 0.18



6.25 1.86 0.47



2353 58 29



226 11 10



4526 476 195



200 n/a 10



37.72 13.22 11.47



450 2110 263 195 117 275 42 302 26 29 1926 2735 34 8 61 1109 9.3 1194 1732



1370 6920 630 753 435 1036 160 1314 69 93 4719 10958 100 30 191 4983 28 4571 8043



155 1935 136 96 535 722 50 152 142 87 1047 2427 33 47 92 2589 35 1901 7512



2.90 1.09 1.93 2.03 0.22 0.38 0.84 1.99 0.18 0.33 1.84 1.13 1.03 0.17 0.66 0.43 0.27 0.63 0.23



8.84 3.58 4.63 7.84 0.81 1.43 3.20 8.64 0.49 1.07 4.51 4.52 3.03 0.64 2.08 1.92 0.80 2.40 1.07



1908 4200 919 5773 447 1928 227 22 226 129 4757 10002 145 42 297 7679 0 2450 557



305 3000 15 70 27 380 31 272 116 56 384 400 32 26 15 90 5 380 n/a



1745 12000 695 443 2325 2800 124 370 318 140 1485 3000 30 42 67 1057 10 520 1900



450 55 450 n/a 25 330 20 45 10 15 371 n/a 10 10 8 257 0 120 1000



11.26 6.20 5.11 4.61 4.35 3.88 2.48 2.43 2.24 1.61 1.42 1.24 0.91 0.89 0.73 0.41 0.29 0.27 0.25
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