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Abstract: The research deals with development and integration of 
renewable energy system (RES) into the hydropower domain. Two 
popular forms of RES have been considered for the study which are 
floating solar PV system (FSPV) and hydrokinetic energy system 
(HKE), and an attempt has been made to extract these forms of 
renewable energy and integrate with the already existing 
hydropower system and move towards hydropower sustainability, 
which is able to extract these wasted energy and can be utilized for 
several purposes within or injected into the grid for country level 
utilization. 

 

 

1 Introduction 

he traditional energy producing supplies, such as fossil fuels, are under extreme 

pressure as energy demand rises. Since fossil fuels are finite and release 

greenhouse gases that contribute to extensive global warming, we must find 

alternative energy sources that can meet our energy needs while producing power that is 

economical, clean, and environmentally friendly. As of May 2023, hydropower installed 

capacity in India was 51.74 GW [1]. Hydropower will play a significant role in Indian 

context reaching the renewable energy targets which is aimed at 500 GW by 2030 [2]. It 

provides supports to frequency regulation and seasonal variation and allows integration 

of renewables such as solar PV and wind generation. Other than providing energy, 

hydropower system plays an important role in socio-environmental aspects which 

includes drinking water facilitation, irrigation management, flood and drought risk 

management, river recreation and navigation. 

There is a recent attention towards making hydropower system self-sustainable and 

utilize the already existing setups with minimal interference and development to harness 

energy. The exploitation of energy in hydropower domain is an emerging tactic that if 

implemented efficiently, would add significant energy production, and develop a self-

sustained system [3] which will have the capacity to utilize the already existing 

infrastructure and development with minimal adding of resources. 

 In light of this, this research aims to harness different forms of renewable energy which 

could be identified nearby hydropower complexes and utilized in effective way making the 

whole system sustainable. The research area focuses on mainly two aspects of energy 

extraction within hydropower systems, (a) solar energy extraction by harnessing floating 

solar PV on water reservoirs and (b) residual hydro-kinetic energy extraction at the 

tailrace and at the outlets of draft tubes of the system.  

There are various literature published and research conducted on different aspects which 

the research study deals with, research related to establishing floating solar PV (FSPV) 
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system on the water reservoir surface of hydropower plants (HPP) has an estimate 

potential of 300 GW in India. FSPV with its promising advantages such as improvement 

in efficiency compared to conventional land-based setup, saving water losses from 

evaporation, thermal cooling of the PV plant, land neutral installation and using the 

already existing power infrastructure, etc. is likely to become the 3rd pillar of the solar PV 

sector [4]. Another method included for increasing the overall performance of hydropower 

system is to harness the remaining energy downstream using hydrokinetic turbines. A 

power curve can be generated for the flow rate and velocity for a stipulated power flow 

thought-out the year [5]. Usage of hydrokinetic turbines can be decided depending upon 

the type of system i.e. horizontal or vertical to increase the performance coefficient of the 

turbines [6]. Several case studies have been done which shows significant increase in 

the overall energy production, one such study was conducted in selected hydropower 

plants of Nigeria which showed promising extraction of excess energy [7]. 

 

2 Floating Solar PV (FSPV) system in hydropower system 

Site selection plays an important role in energy extraction. Various factors such as solar 

irradiance, availability throughout the season is considered and water reservoir area 

coverage keeping in mind the marine and environmental impact of the modules. The study 

area chosen is Tehri Hydro Power Complex (THDC), located in Uttarakhand's Tehri, 

Garhwal district, India. It comprises of hydro power complex of 2400 MW capacity (1000 

MW in Tehri, 400 MW in Koteshwar and 1000 MW Pump Storage Plant). The solar 

potential for Tehri HPP is calculated and assessed over a period of 30 years with an 

average of 5.41 KWh/m2/day, shown in figure 1 depicting abundance potential for solar 

energy harness throughout the year.  

 

 

Tehri reservoir has a reservoir area of 18km2 at an elevation of 740m. considering only 

20% of the reservoir area which can be utilized for installing FSPV system considering 

negligible marine and environmental impact [8]. We have used PVSyst simulation 

software to determine the amount of solar energy which can be harnessed from the set 

Fig. 1. Cumulative plot of ambient temperature & horizontal global irradiance of Tehri HPP 
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of reservoir surfaces available. For a surface area of 3.6 km2 after considering several 

factors such as solar irradiance, tilt angle, pre-sizing of the modules to be installed, array 

arrangement, inverters capacity, and type of modules to be used, we concluded an 

estimate of 146 MW of solar energy can be harnessed. Floating Solar System installation 

has been illustrated in figure 2 for Tehri HPP. 

 

 

This extra form of renewable energy produced can be utilized in several forms within the 

hydropower system or can be directly injected into the grid with the help of already 

established sub-stations. FSPV plant design parameters have been formulated in Table1.  

 

 

Parameters Values 

DC capability 146.61 MW 

AC capability 146.08 MW 

PV module rating 400 Wp 

PV module (Quantity) 3,65,200 

 Module / string 22 

Total strings 16600 

Solar inverter (Quantity) 138 

Inverter capability 1 MW 

Voltage evacuation level available 33/11KV 

Fig. 2. Illustrative sketch of PV modules to be installed over Tehri HPP 

  Table 1: Design parameters of FSPV system 
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3 Hydrokinetic energy extraction (HKE) in hydropower system 

Hydropower facilities have a tailrace that links the turbine's output flow to the river system 

downstream. The tailrace of hydropower plants equipped with reaction turbines generally 

exhibits a considerable kinetic energy, due to the high flow velocity at the outlet of the 

draft tube. The flow velocity could be exploited in the form of hydrokinetic energy by 

hydrokinetic turbines installed downstream of the draft tube outlet [9]. Another idea 

includes harnessing the environmental flow. Environmental flow is necessary to maintain 

the natural river flow which supports downstream area and its natural ecosystems. Hydro 

turbines can be installed at the opening of dams (spillways) to tap the hydro kinetic energy 

and produce energy from the same. 

The hydrokinetic turbines derive their power from the mass of flowing fluid (water), and 

the fluid's velocity determines how much hydrokinetic energy is produced. Hydrokinetic 

energy consists of different naturally available forms of energy which are wave based and 

current based hydrokinetic energy. The turbine (rotor fan) revolves on a shaft that is 

attached to the energy generator as the water current flows through it. The power density 

of the stream (kW/m2) determines how much power may be produced because the 

rotating speed is proportional to the fluid's velocity. Site selection is therefore crucial for 

this technology, as a water current with twice the speed carries eight times as much 

energy as one moving just half as fast. There are several factors involved in positioning 

and placement of hydrokinetic turbines before the energy extraction process begins. A 

detailed analysis will be done on these factors mentioned to initiate the most efficient 

process and develop a self-sustained feasible hydropower system: 

• Site selection plays a crucial role for the HKE setup based on continuous discharge 

and minimal obstruction from land and river. 

• Type of site-specific turbine to be used for maximum efficiency in hydrokinetic 

energy extraction. 

• Proper and extensive bathymetry studies and minimum depth conditions with 

stable slope which is suitable for anchoring and mooring. 

• Velocity distribution data collection of the specific site for accurate predictions 

along with data interpretation and validation. 

• Evaluation and interpretation of site monthly average discharge data. 

 

The principle of operation is analogous to that of wind turbine operation. Power extracted 

from hydrokinetic turbines can be obtained from the following expression: 

P
G
 = ½  𝜌 𝐴 𝑉

3

 C
P

 

                                                       (1) 

Where, P
G 

= generated hydrokinetic energy 

            A = cross section area of turbine 

               𝜌 = density of fluid 

      V = velocity of fluid 
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          C
P 

= power coefficient (efficiency of turbine + power conversion and evacuation 

system) 
We can see from the energy equation, generated power is proportional to the rotor and 

cubic in relation to the flow velocity, which is comparable to the principles of wind turbines. 

Consequently, a larger rotor will be able to produce more power, and even a slight 

increase in flow velocity will result in a significant increase in power generated. 

The equation (1) above provides the theoretical power available in the flowing water. 
Nevertheless, depending on the kind of mechanism utilized to capture the kinetic energy, 
the actual extracted power is substantially less than the theoretical kinetic power. A little 
portion of the kinetic energy that is present in the water as it flows through the cross 
section of a hydrokinetic turbine can be extracted [10]. This fraction is termed as the 
power coefficient (CP) 

The power coefficient is dependent upon the Tip Speed Ratio (TSR), a speed factor 

which is defined as the rotor's tangential velocity divided by the fluid flow velocity, and it 

may be stated as 

        TSR =  
 Peripheral velocity of the rotor 

 Velocity of the flow of fluid 

(𝜔𝑅)

(𝑉)
 

 

A case study was performed with available data at Koteshwar and was used for 

calculation of hydrokinetic energy generation at site specific  with set of discharge and 

velocity of stream provided to check the power availability for HKE system. Data provided 

are mentioned: 

• The minimum discharge data provided by THDC to work on for the site-specific 

design is 105 CUMEC. 

• Swept area of the turbine = 10.85 m2 

• Velocity of stream = 2.8 m/s at a water discharge of 105 m3/s 

• Density of water = 1000 

Using equation (1), useful power P
G

 is = 0.5 x 1000 x 10.85 x (2.85)3 x (0.59) = 73317 Watts 

= 73.31 kW. 

Total available/extractable power = useful power x system efficiency (generator, gearbox, 

electronics) 

= 73317 x 0.85 x 0.9 x 0.9 = 50479 Watts ~ 50.48 KW 

For a set of discharge available which includes the variation of annual monthly discharge 

data (outflow) for set of 11 years was provided from April 2012 to April 2023 as monthly 

average at downstream of Koteshwar. The extractable power was calculated was given 

set of discharge and has been plotted on the graph shown in figure 

We can observe from figure 3, as the discharge increases, the power generation 

increases, until after attaining a particular set of power value, it moves towards remaining 

constant at around 53 KW. 
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4 Integration of new developed system to hydropower 

Integration of energy generated from FSPV and Hydrokinetic energy offers a wide range 

of challenges. These challenges depend upon how the energy generated would get 

utilized. The Tehri and Koteshwar hydroelectric facilities have 33/11 KV substations that 

can be used for power evacuation. These substations can be used to supply power 

directly into the grid with a step-up in voltage or made available for local load 

consumption. Several technological, environmental, and socioeconomic considerations 

present different difficulties for the FSPV integration with hydropower and the grid. 

Technical factors include voltage stability, frequency response, power quality, grid-code 

compliance, system protection issues, transmission capabilities at the site, and the 

difficulty of the electrical market in providing power at a competitive rate per unit. 

 When combined with hydropower, particularly pump storage plant (PSP), FSPV can 

maximize profits since they use renewable energy sources and don't require grid power 

to run their turbines in pumping mode, which reduces power purchasing costs and 

minimizes carbon emissions [11]. In order to prepare the plant for its daily power delivery 

schedule, the FSPV on the water body can be connected to PSP and run in the pumping 

mode, which moves water from the lower reservoir to the upper reservoir. In the 

hydropower demand system, the afternoon session, or daylight, is when the solar power 

produced by FSPV reaches its highest. By using this session to pump water back to the 

upper reservoir, less electricity will need to be purchased from the grid to run the pumps. 

While the FSPV energy produced by solar power during off-peak hours can either be used 

at the substation level to meet local and regional power requirements, or it can be injected 

into the grid as depicted in the illustrative figure 4. 

 

 

8.41
11.145

13.243

18.058 19.032

30.149

50.479
50.479

53.746

53.742

53.742

0

10

20

30

40

50

60

0 20 40 60 80 100 120 140

P
o

w
e
r 

G
e
n

e
ra

ti
o

n
 i

n
 K

W

Discharge in CUMECS

Discharge vs Power generation of hydrokinetic turbine at 
Koteshwar dam

Fig. 3. Discharge vs Power generation of hydrokinetic turbine at Koteshwar dam 

22nd International Seminar on Hydropower Plants 
Copyright: TU Wien, Institute of Energy Systems and THermodynamics – Vienna 2024 



 

 

 

 

 

 

 

 

 

 

 

  

 

5 Conclusion 

The research work intends to propose utilization of energy generated by different forms 

of renewable energy i.e., floating solar PV system (FSPV) and hydrokinetic energy to be 

integrated in the already existing hydropower setup with intentions with make hydropower 

more efficient, reliable, and sustainable. A specific site has been selected for the study at 

Tehri HPP, India which proposes installation of 146 MWp FSPV to be integrated into Tehri 

Hydropower complex which can be utilized either by selling the power to the grid or local 

supply or even use the power to run the turbines of PSP by developing a sophisticated 

schedule. The hydrokinetic energy generation of 50 KW at the site-specific of Koteshwar 

shows promising results and this string of energy generation can be further expanded to 

harness more hydrokinetic energy from various sites which will require an extensive 

techno-economic analysis, study of the site-specific assessments, turbines selection and 

study of discharge flow throughout the season is required as the future work to harness 

suitable hydrokinetic energy from the downstream and develop a sustainable hydropower 

system. 
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Fig. 4. Diagrammatic representation of variable speed pump storage hydropower plant 

integrated with floating solar and hydrokinetic system 
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