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There are three types of hydropower facilities: 


  Run-of-river. A facility that channels flowing water from a river through a canal or penstock to spin a 
 turbine. Typically, a run-of-river project will have little or no storage facility. Typical small capacity. 


  Storage/reservoir. Uses a dam to store water in a reservoir. Electricity is produced by releasing water from 
 the reservoir through a turbine, which activates a generator. Typical large capacity. 


  Pumped storage. Provides peak load supply, harnesses water which is cycled between a lower and upper 
 reservoir by pumps which use surplus energy from the system at times of low demand.   


Figure 4: Reservoir and run-of-river hydropower plants (ref. 14) 


Figure 5: Cascading Systems (ref. 1) 


Run-of-river and reservoir hydropower plants can be combined in cascading river systems and pumped storage 
 plants can utilize the water storage of one or several reservoir hydropower plants. In cascading systems, the 
 energy output of a run-of-river hydropower plant could be regulated by an upstream reservoir hydropower plant, 
 as in cascading hydropower schemes. A large reservoir in the upper catchment generally regulates outflows for 
 several run-of-rivers or smaller reservoir plants downstream. This likely increases the yearly energy potential of 
 downstream sites and enhances the value of the upper reservoir’s storage function. However, this also creates the 
 dependence of downstream plants to the commitment of the upstream plants. 


Hydropower systems can range from tens of Watts to hundreds of Megawatts. A classification based on the size 
 of hydropower plants is presented in table below.  


Table 7: Classification of hydropower size   


Type  Capacity 


Large hydropower  > 30 MW 


Small hydropower  1 MW – 30 MW 


Pico and Micro hydropower  < 1 MW 


falling water from the reservoir to produce electricity using a variety of available turbine types (e.g. Pelton, 
 Francis, Kaplan) depending on the characteristics of the river and installation capacity. Small, micro and pico 
 hydropower plants are run-of-river schemes. These types of hydropower use Cross-flow, Pelton, or Kaplan 
 turbines. The selection of turbine type depends on the head and flow rate of the river. 


Figure 6: Hydropower turbine application chart (ref. 2) 


For high heads and small flows, Pelton turbines are used, in which water passes through nozzles and strikes 
 spoon-shaped buckets arranged on the periphery of a wheel. A less efficient variant is the cross-flow turbine. 


These are action turbines, working only from the kinetic energy of the flow. Francis turbines are the most 
 common type, as they accommodate a wide range of heads (20 m to 700 m), small to very large flows, a broad 
 rate capacity and excellent hydraulic efficiency. 


For low heads and large flows, Kaplan turbines, a propeller-type water turbine with adjustable blades, dominate. 


Kaplan and Francis turbines, like other propeller-type turbines, capture the kinetic energy and the pressure 
 difference of the fluid between entrance and exit of the turbine. 


The capacity factor achieved by hydropower projects needs to be looked at somewhat differently than for other 
 renewable projects. It depends on the availability of water and also the purpose of the plants whether for meeting 
 peak and/or base demand. Data for 142 Clean Development Mechanism (CDM) projects around the world yield 
 capacity factors of between 23% and 95%. The average capacity factor was 50% for these projects. 


Figure 7: Capacity factors for 142 hydropower projects around the world (ref. 4) 


Input 


The falling water from either reservoir or run-of-river having certain head (height) and flow rate. 


Output 


Power capacity and energy. 


Typical capacities 


Hydropower systems can range from tens of Watts to hundreds of Megawatts. Currently up to 900 MW per unit 
 (ref. 15).   


Ramping configurations 


Hydropower helps to maintain the power frequency by continuous modulation of active power, and to meet 
 moment-to-moment fluctuations in power requirements. It offers rapid ramp rates and usually very large ramp 
 ranges, making it very efficient to follow steep load variations or intermittent power supply of renewable energy 
 such as wind and solar power plants. 


Advantages/disadvantages 
 Advantages: 


• Hydropower is a clean source, as it doesn't pollute the air. 


• Hydropower is a domestic source of energy  


•  Hydropower is a renewable power source. 


•  Hydropower with storage is generally available as needed; operators can control the flow of water through 
 the turbines to produce electricity on demand.  


• Hydropower facilities have a long service life, which can be extended indefinitely, and further improved. 


Some operating facilities in certain countries are 100 years and older. This makes for long-lasting, affordable 
 electricity. 


• Other benefits may include water supply, irrigation and flood control… 


Disadvantages: 


•  Fish populations can be impacted if fish cannot migrate upstream past impoundment dams to spawning 
 grounds or if they cannot migrate downstream to the ocean. 


•  Hydropower can impact water quality and flow. Hydropower plants can cause low dissolved oxygen levels 
 in the water, a problem that is harmful to riverbank habitats. 


• Hydropower plants can be impacted by drought. When water is not available, the hydropower plants can't 
 produce electricity. 


• Hydropower plants can be impacted by sedimentation. Sedimentation affects the safety of dams and reduces 
 energy production, storage, discharge capacity and flood attenuation capabilities. It increases loads on the 
 dam and gates and damages mechanical equipment. 


•  New hydropower facilities impact the local environment and may compete with other uses for the land. 


Those alternative uses may be more highly valued than electricity generation. Humans, flora, and fauna may 
 lose their natural habitat. Local cultures and historical sites may be impinged upon. 


•  Even though hydropower is a flexible renewable energy source there are often limits to the flexibility caused 
 by irrigation needs and other needs. 


Environment 


Environmental issues identified in the development of hydropower include: 


  Safety issues; Hydropower is very safe today. Losses of life caused by dam failure have been very rare in the 
 last 30 years. The population at risk has been significantly reduced through the routing and mitigation of 
 extreme flood events. 


  Water use and water quality impacts. The impact of hydropower plants on water quality is very site specific 
 and depends on the type of plant, how it is operated and the water quality before it reaches the plant. 


Dissolved oxygen (DO) levels are an important aspect of reservoir water quality. Large, deep reservoirs may 
 have reduced DO levels in bottom waters, where watersheds yield moderate to heavy amounts of organic 
 sediments. 


  Impacts on migratory species and biodiversity; Older dams with hydropower facilities were often developed 
without due consideration for migrating fish. Many of these older plants have been refurbished to allow both 
upstream and downstream migration capability. 


keep the impact restricted to the plant site, with minimum interference over forest domains at dams and 
 reservoir areas, e.g. by avoiding the development of villages or cities after the construction periods. 


  Reservoir sedimentation and debris. This may change the overall geomorphology of the river and affect the 
 reservoir, the dam/power plant and the downstream environment. Reservoir storage capacity can be reduced, 
 depending on the volume of sediment carried by the river. 


  Lifecycle greenhouse gas emissions. Life-cycle CO2 emissions from hydropower originate from 


construction, operation and maintenance, and dismantling. Possible emissions from land-use related net 
 changes in carbon stocks and land management impacts are very small. 


Employment  


Generally, a new large hydropower plant (110 MW) project will provide around 2,000 – 3,000 local jobs during 
 construction phase. The kind of jobs expected are technicians, welders, joineries, carpenters, porters, project 
 accountants, electrical and mechanical engineers, cooks, cleaners, masons, security guards and many others. Of 
 those, about 150 - 200 of them will continue to work at the facility. (ref. 18) 


Research and development 


Hydropower is a very mature and well-known technology (category 4). While hydropower is the most efficient 
 power generation technology, with high energy payback ratio and conversion efficiency, there are still many areas 
 where small but important improvements in technological development are needed. 


  Improvements in turbines 


The hydraulic efficiency of hydropower turbines has shown a gradual increase over the years: modern 
 equipment reaches 90% to 95%. This is the case for both new turbines and the replacement of existing 
 turbines (subject to physical limitations). 


Figure 8: Improvement of hydraulic performance over time (ref. 7) 


Some improvements aim directly at reducing the environmental impacts of hydropower by developing 
 o  Fish-friendly turbines 


o  Aerating turbines 
 o  Oil-free turbines 


  Hydrokinetic turbines: Kinetic flow turbines for use in canals, pipes and rivers. In-stream flow turbines, 
 sometimes referred to as hydrokinetic turbines, rely primarily on the conversion of energy from 
 free-flowing water, rather than from hydraulic head created by dams or control structures. Most of these 
 underwater devices have horizontal axis turbines, with fixed or variable pitch blades.   


  Bulb (Tubular) turbines; Nowadays, very low heads can be used for power generation in a way that is 
 economically feasible. Bulb turbines are efficient solutions for low head up to 30 m. The term "Bulb" 


describes the shape of the upstream watertight casing which contains a generator located on a horizontal 
 axis. The generator is driven by a variable-pitch propeller (or Kaplan turbine) located on the downstream 
 end of the bulb. 


  Improvements in civil works; The cost of civil works associated with new hydropower project construction 
 can be up to 70% of the total project cost, so improved methods, technologies and materials for planning, 
 design and construction have considerable potential (ref. 13). A roller-compacted concrete (RCC) dam is 
 built using much drier concrete than traditional concrete gravity dams, allowing speedier and lower cost 
 construction. 


  Upgrade or redevelop old plants to increase efficiency and environmental performance. 


  Add hydropower plant units to existing dams or water flows. 


Examples of current projects 


Ref. 19 indicate a potential for small hydro (<30 MW) in Vietnam of 7,200 MW. Less than 2,000 MW is installed 
 today. 


Large hydropower plant (>30 MW): Lai Chau (ref 20) 


Lai Chau is the first upper stream hydropower plant in Vietnam on the Da River hydropower cascade. The plant 
 located in Muong Te district, Lai Chau province, with the installed capacity of 1,200 MW, with 3 units of 400 
 MW. The construction started in January 2011, and the plant was inaugurated in December 2016, 1 year earlier 
 than the target. 


Lai Chau is a reservoir hydropower plant, with catchment area is 26,000 km2, the reservoir volume is 1.21 billion 
 m3 and the useful volume is 800 million m3. The normal rising water level is 295 m and the dead water lever is 
 270m, the maximum water flow through the turbine is 1664.2 m3/s. Lai Chau uses Francis turbines with a net 
 electricity efficiency of 96%. The ramping rate is 66.8% per minute and start up time is 2 second. 


The total investment of Lai Chau hydropower plant (including the dam) was 1.063 billion $ ($2016, 


administration, consultancy, project management, site preparation cost, the taxes and interest during construction 
 are not included), equal the nominal investment was 0.89 M$/MWe. The total capital (include these components) 
 was 1.67 billion $, corresponding to 1.39 M$/MW. 


Small hydropower plant (<30 MW): Song Bung 6  


Song Bung 6 HPP is located in Quang Nam province, has two units with a total capacity of 29 MW and it is a 
 run-of-river type of plant. The construction started in August 2010 and operation started in January 2013. The 
 plant is a low head hydropower using Bulb turbine with the calculating head of 13.4 m (maximum head is 15.5 m) 
 and with a maximum inflow of 240 m3/s. The volume of the reservoir is 3.29 million m3 and normal rising water 
 level is 31.8 m. The net electricity efficiency of the plant is 96%. The total investment was 37 M$ ($2016) which 
 is equal to a nominal investment of 1.28 M$/ MWe. 


Expansion existing plant: Hoa Binh HPP expansion (ref 21) 


Hoa Binh hydropower plant expansion project includes 2 units with total capacity of 480 MW, the water intake is 
 in Thai Thinh commune, the water tunnel and the expansion plant is in Phuong Lam Ward, Hoa Binh city, Hoa 
 Binh province. According to the Power Master Plan 7 (revised), the project will be put into operation in 2022 – 
 2023. 


The plant includes 2 Francis turbines, three-phase synchronous vertical axis. The expansion plant does not change 
 the existing catchment area and volume of reservoir. The normal rising water level and dead water level is still 
 117m and 80m respectively, but the min operation water level increases from 80m to 87m. The designed water 
 flow of the expanded plant is 600 m3/s, increasing the total water flow to 3000 m3/s.  


The total investment of Hoa Binh Expansion was 291.5 million $ ($2016, administration, consultancy, project 
 management, site preparation cost, the taxes and interest during construction are not included), equal the nominal 
 investment was 0.61 M$/ MWe. The total capital (include these components) was 360 million $, corresponding to 
 0.75 M$/MW. 


Norwegian example 


Many current hydroprojects around the world are not new plants but upgrades of existing plants. These projects 
 can involve including new catchment areas (increasing the yearly generation) or increasing the size of the 


reservoirs and adding turbine capacity. Higher capacity (for the same inflow) can make the plant more suitable for 
 peak load which might be needed to balance wind and solar power. One such modernisation and extension project 
 is the Nedre Rossaga station in Norway, which was completed in 2016. In addition to modernising the existing 
 turbines, a new power station with an additional turbine unit was installed, increasing total installed capacity from 
 250 MW to 350 MW. 


Data estimation 


The tables below summarise data for the local cases and the Indonesian TC for 2020. 


Table 8: Small hydropower plant 


The investment costs for the case, Song Bung 6, are very low compared to the Indonesian TC for 2020 and only 
 data for this one case is available. Therefore, the investment costs of the Indonesian TC have also been taken into 
 account when estimating the investment cost for 2020. The investment cost for 2020 is set to 1.75 M$/MW based 
 on an average of the local case (1.28) and the Indonesian TC (2.2). 


Table 9: Large hydropower plant 


Name  Lai Chau  Indonesian TC (2020) 


Central  Lower  Upper 


Also, the investment costs for the local case, Lai Chau, are very low compared to the Indonesian TC for 2020 and 
 only data for this one case is available. Therefore, the investment costs of the Indonesian TC have also been taken 
 into account when estimating the investment cost for 2020. The investment cost for 2020 is set to 1.5 M$/MW 
 based on an average of the local case (unit 400 MW converted to 150 MW and thus increasing the investment 
 cost to 1.08) and the Indonesian TC (2.0). 


Table 10: Investment costs in international studies 


IRENA (2018) (M$2016/MW)  2017 


All sizes  1.54 


ASEAN (2016) (M$2016/MW)  Historical 


Small hydro (23 projects, average 


capacity: 8.5 MW)  0.85 


TC (2017) (M$2016/MW)  2030  2050 


Indonesian (small)  2.20  2.20 


Indonesian (large)  2.00  2.00 


The cost of hydropower is very dependent on the topology of the mountains where it is constructed and the hydro 
 resources. Therefore, it is difficult to estimate a standard value for investment costs that can be used for new 
 hydropower plants. For this catalogue it has been chosen to also use the 2020 value for investment cost for 2030 
 and 2050. This relies on an average of local cases and the estimates in the Indonesian Technology Catalogue for 
 2030 and 2050. However, it is highly recommended to take local conditions int account when estimating 
 investment costs for hydro plants in energy planning. 
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Data sheets 


The following pages contain the data sheets of the technology. All costs are stated in U.S. dollars ($), price year 
2016.  


Technology  Hydro power plant - Small system 


1  Stepan, 2011, Workshop on Rehabilitation of Hydropower, “The 3-Phase Approach”. 


2  Prayogo, 2003, "Teknologi Mikrohidro dalam Pemanfaatan Sumber Daya Air untuk Menunjang Pembangunan Pedesaan. Semiloka Produk-produk Penelitian 
 Departement Kimpraswill Makassar". 


3  Eurelectric, 2015, "Hydropower - Supporting a power system in transition". 
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6  IEA, Projected Costs of Generating Electricity, 2015.  
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8  Branche, 2011, “Hydropower: the strongest performer in the CDM process, reflecting high quality of hydro in comparison to other renewable energy sources”. 


9  MEMR, 2016, "Handbook of Energy & Economic Statistics of Indonesia 2016", Ministry of Energy and Mineral Resources, Jakarta, Indonesia.  


   
 Notes:  


A  This is the efficiency of the utilization of the waters potential energy. This cannot be compared with a thermal power plant that has to pay for its fuel. 


B  Uncertainty (Upper/Lower) is estimated as +/- 25%.   


C  Numbers are very site sensitive. There will be an improvement by learning curve development, but this improvement will equalized because the best locations will be 
 utilized first. The investment largely depends on civil work. 


D  Investment costs include the engineering, procurement and construction (EPC) cost. See description under Methodology. 


   


  


Technology  Hydro power plant - large system 
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5  Learning curve approach for the development of financial parameters. 


6  IEA, Projected Costs of Generating Electricity, 2015.  


7  Stepan, 2011, Workshop on Rehabilitation of Hydropower, “The 3-Phase Approach”. 
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 Notes:  


A  This is the efficiency of the utilization of the waters potential energy. This cannot be compared with a thermal power plant that has to pay for its fuel. 


A  This is the efficiency of the utilization of the waters potential energy. This cannot be compared with a thermal power plant that has to pay for its fuel. 
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