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FOREWORD 

The Government of India (GoI) has set a target to add 175 GW of Renewable Energy (RE) capacity 

by the year 2022 and 450 GW by 2030 mainly through Solar and Wind, which are sources of 

highly variable and intermittent power. GoI has taken several measures to accelerate RE capacity 

addition by introducing various policy measures and promoting various regulatory measures for 

adoption of imported technology in Indian scenario, indigenous capacity building for its 

manufacturing, indigenous development and deployment of new technologies, etc. GoI is looking 

into the prospects of harnessing and developing new technologies in the country as a means to 

increase penetration of RE in the entire energy requirement spectrum, and which would also be in 

line with the world's larger goal of cleaner, greener and sustainable development.  

Hence, it is the need of the hour to develop Hydro Power Sector (HPS) in the country by promoting 

innovative and indigenously developed technologies. An Indian Company, M/s Maclec Technical 

Project Laboratory Pvt. Ltd., Delhi (MACLEC) has offered such an innovation in the form of 

the indigenously developed technology of Hydro Kinetic Turbines, using kinetic energy of flowing 

ion of electrical energy unlike conventional 

units, which utilize potential energy of water through construction of suitable civil structures such 

as dam, diversion weir, barrages for creation of necessary , etc. 

This new and growing class of hydropower turbines is called as Hydro Kinetic (Velocity) Turbines, 

generation of which is highly predictive vis-à-vis solar, and wind based generation. Considering 

the abundance of flowing water network in India and some specific studies done, the potential of 

Hydro Kinetic Turbines in India appears to be on GW scale, however, reasonable exploitable 

potential in MW (Demand) and MWh (Energy) can be assessed based on actual study considering 

the information on hydrology, Geographical Information Survey (GIS), etc. Further, by virtue of 

their smaller size capacity/ installation, their connectivity to off-Grid/ Grid systems would be at 

Distribution Voltage level, and this would also obviate the need of paying transmission system 

charges for such an equivalent power available locally to the end users. Hence, there is an urgent 

need to harness hydro power by new innovative ideas and approaches by promoting Research & 

Development (R&D) in the field of hydro generation.  

In light of the above, a Committee headed by Member (Hydro), CEA and comprising members 

from CEA, MNRE, NHPC Ltd., THDCIL and IIT-Roorkee was constituted by CEA on directions 
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CHAPTER 1 

INTRODUCTION 

 

1. A meeting was held on 03/08/2021 under the Chairmanship of Secretary, Ministry of 

Power, Government of India (GoI) regarding the Surface/ Smart Hydro Kinetic (SHK) 

Turbines developed by M/s Maclec Pvt. Ltd., Delhi (MACLEC) wherein the different 

techno-commercial aspects and potential of this innovative technology were discussed. 
 

2. Ministry of Power vide letter No. 14-37/68/2020-H.I(255414) dated 13/08/2021 (copy 

enclosed at Annexure-I) forwarded the Record of Discussion (RoD) of the 

aforementioned meeting, wherein it was decided to constitute a Committee headed by 

Member (Hydro), CEA and consisting of members from CEA, MNRE, NHPC, THDC 

and IIT-Roorkee to study the concept and commercial applications of Hydro Kinetic 

Turbine (HKT) developed by MACLEC. Further, it was decided that since the subject 

matter is in the domain of Ministry of New and Renewable Energy (MNRE), it may be 

referred to MNRE after submission of the report of the Committee to Ministry of Power 

(MoP). It is observed that there is no scheme at present in MNRE to provide financial 

support to Small/ Mini/ Micro Hydel Projects. 
 

3. Accordingly, CEA vide Office Memorandum No. CEA-HY-17-145/1/2018-HETD 

Division-Part(2) dated 24/08/2021 (copy enclosed at Annexure II) constituted a 

Committee under the Chairmanship of Member (Hydro), CEA. The composition of the 

Committee is as under: 
 

i. Sh. B.K. Arya, Member (Hydro), CEA   -    Chairman 

ii. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA -    Member 

iii. Sh. Ajay Talegaonkar, Chief Engineer (F&CA), CEA -    Member 

iv. Sh. Gangesh Upadhyay, Scientist  G , MNRE  -    Member 

v. Sh. S.K. Shahi, Scientist  D , MNRE   -    Member 

vi. Sh. Keshav Deshmukh, ED (D&E), NHPC  -    Member 

vii. Sh. L.P. Joshi, GM (EM Design), THDCIL  -    Member 

viii. Prof. Arun Kumar, IIT- Roorkee    -    Member 

ix. Prof. R.P. Saini,  IIT- Roorkee    -    Member 

x. Sh. Rakesh Kumar, Chief Engineer (HE&TD), CEA -    Member-Convener 
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4. The Terms of Reference (ToR) of the Committee, inter-alia, shall be to study the 

Concept and Commercial Application of HKT developed by MACLEC.  

5. Total five Meetings of the Committee were held through Video Conferencing (VC), as 

shown in Table 1, wherein detailed discussions and deliberations were held on the 

subject matter and presentations were also given by some of the Indian and foreign 

manufacturers of HKTs, viz. M/s Maclec Pvt. Ltd., Delhi (Indian), M/s GKinetic 

Energy Ltd. (Ireland) and M/s Imp Powers Ltd., Mumbai (Indian partner of M/s Smart 

Hydro Power, Germany having exclusive rights for India). A copy of presentations by 

M/s Maclec Pvt. Ltd., M/s GKinetic Energy Ltd. and M/s Imp Powers Ltd are enclosed 

at Appendix-I & Appendix-III, Appendix-II and Appendix-IV respectively. Though 

M/s DLZ Ltd., USA was also requested to provide inputs/ make presentation before the 

Committee, no response was received from them. 
 

Table 1: List of the Meetings held by the Committee 

Meeting Dated General Agenda MoM enclosed at 

Annexure 

1st 02/09/2021 General Discussion among 

Committee Members regarding scope 

and proceedings of the Committee 

Annexure III 

2nd 06/09/2021 Presentation by M/s Maclec Pvt. Ltd. 

 General Introduction 

Annexure IV 

3rd 14/09/2021 Presentation by M/s GKinetic 

Energy Ltd.(Ireland)- General 

Introduction and Response to 

 

Annexure V 

4th 14/09/2021 Presentation by M/s Maclec Pvt. Ltd. 

 Specific discussion on Technology 

Readiness Level (TRL) of its product 

and Response to  

Annexure VI 

5th 16/09/2021 Presentation by M/s Imp Powers 

Ltd.- General Introduction and 

 

Annexure VII 
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6. The issues and observations of the Committee including conclusion and 

recommendations thereon are discussed in the ensuing Chapters, and which are based on 

detailed discussions amongst members and inputs provided by the manufacturers/ 

vendors. 
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CHAPTER 2 

HYDRO KINETIC TURBINES-ISSUES AND OBSERVATIONS 
 

2.0 OUTLINE 

This Chapter is broadly divided into two categories as per the ToR of the Committee: the 

Concept behind Hydro Kinetic Turbines (HKTs) and secondly their Commercial Application. 

The Chapter is further organized as given below: 

The Section 2.1 Concept is sub-categorized as below:  

 Concept of Hydro Kinetic Energy 

 Hydro Kinetic Technology 

 Availability of Standards 

 Construction/ Installation/ Gestation Period/ Useful Life of Hydro Kinetic Units 

 Comparison of Hydro Kinetic Turbines with Conventional Head  based Turbines 

 Salient Points of Presentations by Indian and Foreign Manufacturers/ Vendors 
 

The Section 2.2 Commercial Applications is sub-categorized as below: 

 Potential and Feasible Exploitable Potential  

 Status of Development of HKT Technology in India and Abroad 

 Cost 

 Estimated Tariff of Electricity 

 Framework for Pilot Installation, Scaling-Up and Energy Transaction 

2.1 CONCEPTS 

2.1.1 CONCEPT OF HYDRO KINETIC ENERGY 

Hydro Kinetic Turbines (HKTs) extract the power from the mass of flowing fluid (water) and 

the amount of hydrokinetic energy depends on the velocity of the mass of fluid. Hydrokinetic 

energy consists of different naturally available forms of energy, i.e., wave based hydrokinetic 

energy, and current based hydrokinetic energy.   

Theoretically, the hydrokinetic energy can be expressed as per Eq. 1; 

     (1) 
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where  is the density of water 

A is the swept area of rotor 

V is the flow velocity 
 

It is observed from the energy equation that generated power is similar to the principles as that 

of Wind Turbines and is proportional to the area of the rotor and cubic proportional to the flow 

velocity. Therefore, larger rotor will be able to generate more power and small increment in 

flow velocity will substantially increase the generated power. Further, this incremental increase 

in power generation in case of HKTs would be much more than that of Wind Turbines and 

which would correspond to the ratio of water density to that of air. 
 

Eq. 1 gives the theoretical power available in the flowing water. However, practically extracted 

power is much lesser than the theoretical kinetic power and depends on the type of system used 

to harness the kinetic energy. HKTs can extract a fraction of the kinetic energy available in the 

water which passes through its cross section. This fraction is known as the power coefficient 

(CP). The power captured by HKTs can be expressed as given below in Eq.2 and Eq.3: 

      (2)  

or               (3)  

The power coefficient depends on a speed factor called as Tip Speed Ratio (TSR), which is 

defined as the ratio of the tangential velocity of the rotor to the velocity of the flow of fluid, 

and can be expressed as per Eq. 4;�

���������������������876�� 
�!� ������ ������������(4)������������������� 

2.1.2 HYDRO KINETIC TECHNOLOGY 

Hydrokinetic technologies differ from traditional Hydro Power Plants (HPPs), which rely on 

the elevation difference (Head) between the intake and outlet. Hydrokinetic devices can be 

placed directly in the stream of flowing water and the kinetic energy of the flowing water is 

converted to mechanical energy that drives a generator to produce electricity.  
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HKTs are similar to the wind turbines in design and working principle. Wind turbine captures 

the kinetic energy available in winds, while HKTs extract the kinetic energy of water. The only 

difference is in the density of the fluids, i.e., Water and Air. Water is about 820 times denser 

than the air, and that is why the energy produced by the water may be equal to the energy 

produced by the wind even at low flow velocities.  

 

Fig. 1 represents the behavior of hydrokinetic and wind turbine power densities at different 

flow velocities. Hydrokinetic energy conversion technologies are modern and fast growing 

sector in the RE generation and gain a major attention for riverine hydrokinetic conversion. In 

the recent years, various new untraditional hydrokinetic energy tapping devices have been 

introduced, i.e., vortex induced vibration system, oscillating hydrofoil, pulse stream 

commercial demonstrator, screw turbine, Super wheel, PAX rotor, Volturnus, and Piezo 

polymer conversion. 

 
 Fig. 1 Comparison of power density of hydrokinetic and wind turbine 

 

HKTs are broadly classified in two major categories as axial flow turbines and cross-flow 

turbines. The classification of these turbines is based on the axis of orientation of rotor with 

respect to flow direction as shown in Fig. 2. 
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Fig 2. Types of Hydro Kinetic Turbines  

 

The axial flow HKTs have its rotational axis horizontal/ inclined and parallel to the flow 

direction of water. These turbines are similar in design and working as the ship propeller and 

hence also known as propeller turbines. In order to achieve high efficiency, the alignment of 

the turbine rotor should be accurate according to the water stream. A yawing mechanism is 

required to align the turbine rotor with flow direction. The stream flow requirement for axial 

flow turbines makes it more suitable for the application like ocean, and tidal. The rotor of these 

turbines may have two, three or multi-blade, based on the torque requirement and flow 

properties. The axial flow hydrokinetic turbine is shown in Fig. 3 (a). 

 

 

 

 

 

(a)                                           (b) 

Fig. 3.  (a) Axial Flow Hydrokinetic Turbine (b) Cross Flow Hydrokinetic Turbine 

Cross flow HKTs have its rotational axis always orthogonal (horizontal/ vertical) to the 

incoming water flow. Cylindrical shape of the cross-flow turbine facilitates the efficient use of 

the channel depth. Cross flow turbines accept water from any direction. Fig. 3 (b) shows the 

water flow and rotational direction for this turbine. The rotor of cross flow HKTs may also 

have two, three or multi-blade depending on the torque requirement and flow conditions.  
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HKTs have relatively low power coefficient, which makes it unpopular technology in 

comparison to other conventional energy conversion technologies. The maximum power that 

a kinetic energy system (HKT) can extract is governed by Betz limit. The Betz limit for the 

kinetic energy conversion is about 59.3%.  

The performance of the turbine can be evaluated by plotting the power coefficient versus Tip 

Speed Ratio (TSR). The power coefficient of the turbine never crosses the limit defined by 

Betz. Operating TSR range of the HKT depends on the governing force and accordingly, the 

operating parameters for HKT can be determined. The performance characteristics of various 

rotors for hydrokinetic conversion system are shown in Fig. 4. A general comparison of 

parameters related to characteristics of different HKTs are given in Table 2. 

 
Fig. 4: Performance of typical Hydrokinetic Rotors 

 
Table 2. Comparison of Axial v/s Cross Flow Hydrokinetic Turbines  

General characteristics  Axial flow turbine  Cross flow turbine  
Minimum operating current 
velocity  

0.5 m/s  1 m/s - need higher velocity 
to self-start  

Operating tip speed ratio 
(TSR)  

High (TSR up to 4.5)  Low (TSR below 3)  

Coefficient of power CP Up to 35%  Up to 30%  
Debris resistant  Lower  Higher 
Torque ripple  Smoother  Pulsating  
Rotor simplicity  Fairly complex  Simple  
Material quantity and cost  Less  More  
Weight  Less  More  
Mechanical power 
transmission 

Complex  Simple  
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2.1.3 AVAILABILITY OF STANDARDS 

The International Electrotechnical Commission (IEC) is the leading global organization that 

prepares and publishes International Standards for all electrical, electronic and related 

technologies. Following Standards as listed below are applicable for the Hydro Kinetic (water 

current) technologies: 

1. IEC 62600-4, 2020 : Marine energy  Wave, tidal and other water current converters  

 Specification for establishing qualification of new technology.  

2. IEC 62600-3, 2020 : Marine energy  Wave, tidal and other water current converters  

Measurement of mechanical loads.  

3. IEC 62600-301, 2019 : Marine energy  Wave, tidal and other water current converters 

River energy resource assessment.  

4. IEC 62600-300, 2019 : Marine energy  Wave, tidal and other water current converters 

Electricity producing river energy converters  Power performance Assessment.  

5. IEC 62600-30, 2018 : Marine energy  Wave, tidal and other water current converters 

Electrical power quality requirements.  

It is observed from IEC 62600-4, 2020 that following Technology Readiness Levels (TRLs) 

have been defined to assess at what stage of development/ application a particular product/ 

technology of HKE (Hydro Kinetic Energy) Developer is: 

 TRL 1: Basic principles observed 

 TRL 2: Technology concept formulated 

 TRL 3: Experimental proof of concept 

 TRL 4: Technology validated in lab 

 TRL 5: Technology validated in relevant environment  

 TRL 6: Technology demonstrated in relevant environment 

 TRL 7: System prototype demonstration in operational environment 

 TRL 8: System complete and qualified 

 TRL 9: Actual system proven in operational environment 

It can be inferred from above that a product/ technology can be considered at Technology 

Demonstration Stage (i.e. demonstration/ establishment of technology) when it has TRL of 6 

& above, and which can be considered for commercial purpose/ scale if it has TRL of 9. 
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2.1.4 CONSTRUCTION/ INSTALLATION/ GESTATION PERIOD/ USEFUL 

LIFE OF HYDRO KINETIC UNITS 

The applicability of Hydrokinetic technology in rivers, tidal and ocean currents and man-made 

channels enables installation at sites which do not hold possibilities for other technologies. 

Hydrological parameters, civil structures required for installation, gestation period and useful 

life of HKTs are as discussed below: 

2.1.4.1  Hydrological Parameters 

The installation of hydrokinetic device depends on various hydrological parameters discussed 

below such as, depth of water in river, velocity distribution of water, slope of bed of river, 

sediment properties, nearness to an existing installation, the water channel and its impact on it, 

etc. 

 Depth of Water in River 

It models the hydrodynamic behavior of river.  

 Velocity Distribution 

The available energy of water at the upstream of HKT is directly proportional to the 

cubic of water velocity. It is very necessary to use highly accurate and precise 

instruments to derive the velocity profile of flowing water.  

 Bed Surface Characteristics 

The bed surface characteristics can be assessed by measuring the size and density of 

sediment or silt present in river. The large size or highly dense sediment particles may 

affect the velocity distribution of water which may alter the performance of HKT.  

2.1.4.2  Civil Structures 
In order to get optimum installation, HKT can be placed in water channel at various positions, 

such as; 

i. Bottom-Surface Mounting (BSM)  Positive Clearance Ratio 

ii. Floating-Surface Mounting (FSM)  Negative Clearance Ratio 

iii. Near-Surface Mounting (NSM)  Zero Clearance Ratio 

In most cases, axial flow HKT is considered for bottom-surface mounting and FSM or NSM 

for cross-flow turbines. Some advantages associated with FSM or NSM installation are easy 
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accessibility, no sealing required for generator, low maintenance cost, improved performance, 

etc. In case of BSM, some challenges are water-proof sealing requirement for generator, 

accessibility difficultly, high installation and maintenance cost, etc. Hence, it is concluded that 

FSM or NSM installation is more beneficial as compared to BSM installation. BSM, NSM and 

FSM installations are shown in Figure 5. 

  
    Fig.5: Different Mounting Options For Hydrokinetic Turbine In River 

There are various installation methods for HKTs: installation on the riverbed or seabed, use of 

a vertical mast, installation beneath a floating platform, and kiting the turbine with a cable. The 

riverbed or seabed installation is practical when the bed is smooth. The floating platform 

installation is a convenient method as it offers an easy access to the turbine. However, it is 

limited by cold weather and floating debris. In order to prevent the contact with floating debris, 

a protection may be provided in front of the turbine blade or the system may be designed so as 

to deflect fish and debris. 

 

FSM 
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2.1.4.3  Gestation Period/ Installation Time/ Useful Life 

The gestation period of a project may vary from few months to about a year depending on the 

size of the project, whether it is Grid connected or Off-Grid, availability of nearby 

infrastructure such as roads for accessibility, power lines for connectivity, type of civil 

installation requirements, etc. The actual product is basically plug-&-play type and the entire 

actual installation of product(s) may range from a day to few days. Further, the useful life of 

product as claimed by the manufacturers may vary from 25 to 40 years depending on the 

operating environment and with proper O&M including periodic maintenance as recommended 

by the Original Equipment Manufacturer (OEM). However, the assessment of useful life and 

O&M costs in Indian scenario can be firmed up only after observing its performance in field 

(i.e. actual operating environment) for a reasonable period of time. 

2.1.5 COMPARISON OF HYDRO KINETIC TURBINES WITH 

CONVENTIONAL HEAD  BASED TURBINES 

The closest comparison of HKTs in terms of hydro power generation may be done with 

conventional Small Hydro Plants (SHPs) for evaluation of this new technology and its 

potential. Following Table 3 shows a typical techno-commercial comparison between HKTs 

(Unit Size up to 500 kW) & Conventional Low Head Hydro Turbines (Unit Size up to 15 MW):  

 

Table 3: Typical Comparison between HKTs (Unit Size up to 500 kW) & 

Conventional Low Head Hydro Turbines (Unit Size up to 15 MW) 
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Apart from the aspects presented in the Table 3 above, HKTs have added advantage of 

negligible requirement of civil structures, lower disturbance to the natural flow of water body 

and due to local connectivity at Distribution Voltage level, the requirement of having and 

paying for Transmission Systems & Losses for such equivalent power does not arise.  

2.1.6 SALIENT POINTS OF PRESENTATIONS BY INDIAN AND FOREIGN 

MANUFACTURERS/ VENDORS 

Apart from M/s Maclec, Delhi (the Indian firm), whose indigenously developed product in the 

form of Smart/ Surface Kinetic Turbines was under examination by the Committee, some other 

Indian and foreign HKTs vendors were also invited to showcase their technology. As a result, 

M/s GKinetic Energy Ltd., Ireland (Foreign Developer) and M/s Imp Powers Ltd., Mumbai (an 

Indian partner of Germany based M/s Smart Hydro Power, and having exclusive rights for 

India) gave a presentation before the Committee. Though M/s DLZ Ltd., USA was also 
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requested to provide inputs/ make presentation before the Committee, no response was received 

from them. Important excerpts from their presentations are given below: 

I. M/s Maclec Pvt. Ltd., Delhi ( Indigenous Manufacturer) 

The presentation given by MACLEC is enclosed at Appendix-I and Appendix-III. 

Salient features of their presentation are as follows: 

 The operating velocity range for their turbines is 0.5m/s - 7m/s with an operating 

depth of minimum 0.5 m and above. 

 Other parameters: operating water quality with silt (up to 30,000 ppm), floating 

debris (up to 200mm), sand, boulders (up to 300mm).  

 The results of prototype testing showed efficiency of approximately 48%. 

 The modular life of their product is around 40 years with an O&M plan comprising 

of regular O&M every 6 months and scheduled maintenance in every 3 years. Only 

electrical parts may require major technical transformation in every 10-15 years.  

 Claimed Technology Readiness Level: 9 (System Complete and Operational) and 

Commercial Readiness Level: 8 (Actual System proven in Operation Environment) 

 The Company has done testing of HKT Prototypes from 100 W to 1 kW in 

Ramganga River (tail race of Kalagarh Dam) in May 2015-Dec 2016. Further, they 

have done testing of modular performance in downstream of Chilla SHP, 

Uttrakhand from Feb 2018-April 2018.  

 The Company has performed testing on a small scale product of 2 kW turbine on a 

micro irrigation Canal of 1.8 m width and depth 200 mm with velocity variation of 

1.5m/s - 3m/s with no water regulator at Ramnagar, Uttarakhand. 

 The guaranteed minimum generation per module would be about 3500 

units/kW/Annum based on site parameters.  

 The Company claimed that there would be no impact on environment and aquatic 

life from their product.  

 The Company has assessed and identified the theoretical Hydro Kinetic potential in 

India, which includes main irrigation canal networks, major rivers, downstream 

channels of existing HPPs, etc., which comes out to be 92.2 GW.   

However, no evidence for the efficiency, performance testing, velocity of the flow 

such as 7 m/s, guaranteed output, impact on environment, technology readiness 

level and potential assessment based on standard procedure were presented or 

shared before the Committee. 
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II. M/s GKinetic Energy Ltd. ( Ireland ) 

The presentation of M/s GKinetic Energy Ltd., an Ireland based company, is enclosed 

at Appendix-II.  Salient features of the presentation are as follows: 

 The Company has completed 3 deployments of 10 kW, 25 kW and 60 kW HKTs. 

 The 12 kW turbine requires minimum water channel velocity of 0.5 m/s (cut-in 

velocity). Their turbines hit the rated capacity at 2 m/s and are very efficient at lower 

speeds. 

 The efficiency of their product tested in lab is 41%. 

 The special design of their turbines naturally deflect fish and debris. 

 Their full scale 25 kW & 60 kW devices have been designed, built, installed and 

in operational environment (TRL 6-7). 

 They have achieved TRL 6-7 in 2017-2020 and are targeting TRL 8 by April 2022 

and TRL 9 by fourth quarter of 2022.  

 They have limited capacity for the year 2022, comprising 25 units (of 12 kW each), 

out of which 18 units are already allocated to different projects and remaining 7 are 

yet to be allocated. 

 The Cost-to-Build of one complete unit of 12 kW  (Rs. 24.7 lakhs 

as of today) and Ex-Works Sale Price  This 

excludes installation and service charges. 

 The expected design life of the parts is 7 years and the generator gear box is of 

standard equipment depending upon the high & low energy sites. 

 Regarding the depth requirement of the machine, the product requires 1.8m for 

floating and 1.5m for generating power. 

However, no evidence for the efficiency and impact on environment, were presented or 

shared before the Committee. 
 

III. M/s Imp Powers Ltd., Mumbai (Indian Partner of M/s Smart Hydro Power, 

Germany having exclusive rights for India) 

The presentation of M/s Imp Powers Ltd. is enclosed at Appendix-IV. Salient features 

of the presentation are as follows: 

 The Company has installed a pilot project of   4 x 5 kW (20 kW) capacity at Neyveli 

Lignite Corporation India Ltd.(NLCIL), which has been successfully commissioned 
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under R&D initiative of NLCIL. The project has been synchronized with 0.415 kV, 

50 Hz NLCIL grid in the month of October, 2017. As of August 2021, 2.2 lakh units 

have been fed to the grid.  

 Another project under execution/finalization includes a 5x5 kW (25 kW) Kakkad 

Hydro-kinetic project, allotted under the consultancy of Energy Management 

Centre, Kerala in the Tail Race of 50 MW Hydro-Electric Project of KSEB. 

 Areas of application of HKTs could include: Irrigation Canals, Tail Races of all 

HPPs, Check Dams/ Diversion Gates, Thermal Power Plants, Sewage Treatment 

Plants, Cooling Channels in Industries, etc. 

 As per the Company, the cost for 5x20 kW (100 kW unit) project is around Rs. 2.14 

Crores. It was stated that this cost includes every aspect (cost of turbine, installation, 

accessories etc.) with basic anchoring. However, this cost can be reduced with the 

support of Government.  

 Regarding estimation of Minimum Domestic Content including supply and 

services, the Company stated that except generators (imported from Germany) all 

other components are domestically manufactured and it has more than 50% 

domestic content. 

 Their product includes free-stream and floating turbines. 

 The output of turbines ranges from 250-5000 W. However, at present, they are 

manufacturing only a single capacity of 5 kW. 

 Their models without diffusers require minimum water channel velocity of 2 m/s 

and 2.3 m/s for model with diffusers. 

 Claimed Plant Load Factor- 70-80% 

 Claimed overall efficiency - 40% 

 Expected life of product should be around 25-30 years. 
 

However, no evidence for the efficiency, performance testing, and impact on 

environment were presented or shared before the Committee. 

 

2.2 COMMERCIAL APPLICATIONS 

2.2.1 POTENTIAL AND FEASIBLE EXPLOITABLE POTENTIAL 

As per the assessment done by MACLEC, the theoretical Hydro Kinetic Potential in India 

(based on hydrology data, information available from GIS, etc.), which includes main irrigation 
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canal networks, major rivers, downstream channels of existing HPPs, etc., is 92.2 GW as 

presented before this Committee.  Further, in their previous presentation on 10/11/2020 before 

Ministry of Power, they had claimed identified potential of 32.6 GW across the country. 

However, in a site specific study by them in the stretch covering only 32 km length of BBMB 

canal of length 65 km, a potential of 24 MW has been assessed for their technology/ product. 

M/s GKinetic, Ireland informed that as per the report of International Renewable Energy 

 the global technical potential of small 

hydropower is estimated to be 150-200 GW and only about 20% of this potential has been 

exploited till date. However, this potential is of small hydro power in general, and not specific 

to hydro kinetic energy. M/s GKinetic further informed that the non-profit Electric Power 

Research Institute (EPRI), USA has estimated that in the United States alone, new hydrokinetic 

technologies could provide an increase in generation capacity of 3,000 MW by 2025. Further, 

Assessment and Mapping of the Riverine Hydrokinetic Resource in 

the Continental United States he estimate of the theoretical resource of HKE for the 

continental United States totals 1,381 TWh/yr, out of which Technically Recoverable Power is 

120 TWh/yr, and which translates to about 18.3 GW of exploitable potential at Load Factor of 

75 %.  

M/s Imp Powers, India have done feasibility study for 10-12 sites in India. However, no 

concrete figure could be provided by them for the potential capacity. 

It can be inferred from the presentation and subsequent discussions with all the three companies 

having technology of HKTs that no comprehensive scientific study by a State/ Nationally 

accredited or recognized body has been done till date for India covering all the groupings of 

potential sites for Hydro Kinetic Energy like Canal, River, Tailrace of HPPs, marine current, 

etc. Considering the abundance of flowing water network in India and some specific studies 

done, it appears that the exploitable potential in India is also significant and which may be in 

the range of GWs. However, reasonable exploitable potential in MW (Demand) and MWh 

(Energy) can be assessed based on actual study considering water availability, hydraulic 

conditions (velocity and depth of flow), etc. required for SHK turbine. Hence, there is an urgent 

need for undertaking such a study to realistically determine the exploitable potential of this 

technology as globally acceptable Standards for carrying out such an assessment have also 

become available recently. 
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2.2.2 STATUS OF DEVELOPMENT OF HKT TECHNOLOGY IN INDIA AND 

ABROAD 
 

2.2.2.1 Scenario of HKTs in India 
 

1) In the Indian context, the electricity generation through RE system such as solar, wind 

and biomass system have grown to a significant capacity and has huge capacity addition 

targets over the next decade. On the similar lines, HKTs present themselves as an 

additional source of available Renewable Energy (RE) and exploitation of which on 

commercial scale would lead to deeper penetration of RE in the energy spectrum of the 

country. The present status of HKTs in India is given in Table 4:  

Table-4: Some of the Projects carried/ being carried out in India  

S. 
No. 

Project 
name 

Turbine 
type Company Constraints Location 

1. 
Chilla 
Power 

Channel  

Axial 
Flow 

(25 kW) 

DLZ Corp., 

US 

 Submerged turbine 
 Low debris 

handling capability 
 Require constant 

depth of operation. 

Chilla canal, 
Dehradun 

Uttarakhand, 
India 

2. 

Neyveli 
Lignite 

Corporati
on Ltd.  

Axial 
flow 

(4x5 
kW) 

M/s Smart 
Hydropower(G

erman) in 
collaboration 
with M/s Imp 

Powers(Indian)  

 High flow velocity 
requirement (3.1 
m/s) 

 Intricate blade 
shape 

 High debris 
protection required 

Neyveli 
Lignite 

Corporation 
India, 

Chennai, 
Tamil 

Nadu, India 
 

3. Not yet 
installed 

Axial 
flow 

Elemental 
Energy 

Technologies 
(EET), 

Australia + 
Kirloskar, 

India 

 High depth 
applications 
(Marine 
Applications) 

 High flow velocity 
requirement (3-4.5 
m/s) 

Not 
available 



Page |  19  
 

 

2) In India, SHK Turbine for harnessing the potential available in water stream is under 

technology development stage, and which may be inferred from information as below: 

a) M/s Maclec Pvt. Ltd., Delhi is the indigenous manufacturer of HKT in the country. 

The available unit sizes with the Company presently is up to 5 kW, though they 

have made claim for size up to 500 kW. As per the presentation of M/s Maclec and 

subsequent discussions with the Committee members, it was revealed that their 

Technology Readiness Level (TRL), as defined in IEC Standard 62600-4, 2020 is 

between 6 (Technology Demonstrated in Relevant Environment) and 7 (System 

Prototype Demonstration in Operational Environment), even though they have 

claimed it to be of Level 9 (Actual System Proven in Operational Environment).  

b) Another vendor, M/s GKinetic Ltd., based in Ireland, has totally off-shore content 

and their available unit sizes are from 10 kW to 60 kW. M/s GKinetic have achieved 

TRL 7 by the year 2020 and are targeting TRL 8 (System complete and qualified) 

by April 2022 and TRL 9 by fourth quarter of 2022.  

c) M/s IMP Powers, Mumbai claim to have more than 50% local content and the 

available unit size is only 5 kW as of today. For M/s Imp Powers, TRL appears to 

be around Level 8 in India, as one of their projects is already installed and running 

at Neyveli Lignite Corporation India Ltd. (NLCIL) since 2018. However, in their 

presentation, they have stated that the performance outcome data is yet to be 

obtained from NLCIL due to delay on account of Covid impact and they plan to 

obtain it shortly.  

It can be observed that in Indian scenario, the HKT technology by Indian vendors is 

currently at Technology Demonstration stage, i.e. around TRL of 6-7. This technology 

can be taken up for commercial purpose only after successful field demonstration in 

operational environment by the developers for a reasonable period of time and after 

4.  Kakkad 
HEP 

Axial 
flow 

5x5 kW 
(25 kW) 

M/s Imp 
Powers (an 

Indian firm  in 
technological 
collaboration 

with  M/s 
Smart 

Hydropower, 
Germany) 

 Project Allotted 
Kerala, 

India 
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fulfilling special requirements like placement in remote areas, low velocity water 

channels, etc. 

2.2.2.2 International Scenario of HKT  
 

Some of the developed countries, especially with coastal areas, are utilizing HKTs to harness 

energy. Status of some of the projects carried out by companies in other countries is given in 

Table 5:   

Table 5: Some of the Projects carried out in Countries other than India  

S. 
No. 

Project 
name 

Turbine 
type Company Constraints Location 

1. Duncan 
Dam  Cross 

flow 

M/s 
Instream 
Energy 
Systems 

 High depth 
requirement 

 High flow velocity 
requirement (4.2 
m/s) 

Kaslo, 
British 

Columbia 

2. Roza Canal  Yakima, 
Washington 

3. Tiger Project  Cross flow 
M/s 

Hydroquest 
SAS 

 Minimum flow 
velocity of 3.1 m/s 

 High depth 
requirement 

 Blade complexity 

France and 
UK 

4. 

Sluice of 
Dutch icon 
Afsluitdijk, 

Wadden Sea 

Axial Flow M/s Torcado 

 High Flow velocity 
(4.2 m/s/) and depth 
requirement (4 
meters) 

UK 

5. Pointe du 
Bois 

Cross flow 
M/s New 
Energy 

Corporation 

 High depth and flow 
velocity requirement 

 Intricate blade profile 

Manitoba, 
Canada 

6. 

Canadian 
Hydrokinetic 
Turbine Test 

Centre 

Lac Du 
Bonnet, 

Manitoba 

7. Canoe Pass 
British 

Columbia, 
Canada 
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It may be observed here that HKE Internationally as a Technology with various leading vendors 

may be nearing completion/ completed Technology Demonstration Stage. The USA, Canada 

and few countries in Europe are working extensively on developing HKT but with the focus 

on Marine water, and on few locations of rivers having almost constant flow with a depth of 

10  40 m. For such applications, the unit capacity is being developed for few 100 kWs. 

2.2.3 COST  

As on date, no guideline/ regulation is available in India for the estimation of cost for hydro 

kinetic energy technology based SHK turbine-generator module. Moreover, the credential for 

commercial operation of such technology is yet to be established. In light of this, the cost data 

given below is based on inputs provided by the vendors and which indicates that it is sensitive 

to unit/ project capacity, domestic content, type of civil installation, etc. 

2.2.3.1 Installation Cost for HKTs given by Vendors: 

1) Class-I Local Supplier (Minimum Local Content more than 50% as per 

PPP-MII Order) 

 The total installation cost for SHK Turbines earlier quoted by MACLEC for 

pilot project at Tanakpur power canal of M/s NHPC for 1 MW and at BBMB 

site for 210 kW installation was Rs. 14.95 Crores/ MW and Rs. 18.50 Crores/ 

MW respectively, whereas data submitted by them before the Committee is as 

low as about Rs. 8 Crores for a 1 MW installation comprising no. of modules. 

However, the cost for smaller capacity installations may be of the order of        

Rs. 16 Crores/ MW. In response to Committee observation on the change in 

    

 
 

 
 

 
 

 

 Seeneoh Cross Flow 
25 kW  

 

River 
Garonne in 
Bordeaux, 

France 

 Kirkwall 
harbour 

Cross Flow 
60 kW  

-- 
Orkney 
Islands, 
Scotland 
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the cost data, MACLEC clarified that it is due to complete indigenization of the 

product. 

 For M/s Imp Powers (Indian Partner of M/s Smart Hydro Power, Germany 

having exclusive rights for India), the cost for 100 kW project is around Rs. 2.14 

Crores, which comes out to be Rs. 21.4 Crores/MW.  

 The cost of M/s Imp Powers appears to be higher vis-à-vis MACLEC due to its 

import content. 

2) Class-II Local Supplier (Minimum Local Content greater than 20% as per 

PPP-MII Order) 

 No information is available in this category. 

3) Foreign Supplier 

 For M/s GKinetic, the Cost-to-Build one complete unit of 12 kW is around           

 (Rs. 24.7 lakhs as of today) and Ex-Works Sale Price        

(Rs. 55.5 lakhs as of today). This is about Rs. 46.25 Crores/MW. Further, this 

excludes installation and commissioning charges. This appears to be higher 

compared to both of the above Class-I vendors as it is a fully off-shore product. 

As per CERC Tariff Regulations for RE, 2020, the normative capital cost of Small Hydro 

Power Projects varies from Rs. 7.8 Cr/MW to Rs. 11 Cr/MW.  

Since the claim for an indigenous HKT product price is cheaper and amounts to as low as about 

Rs. 8 Crores/MW for a 1 MW installation, the domestic manufacturers may present a better 

alternative cost-wise in future after reaching to the TRL level of 9 with few successful, well 

monitored and efficient pilot projects installation. This will also be in line with the Make in 

India  initiative of Government of India. Also, if these technologies are manufactured and 

scaled up along with sufficient Government support, the overall cost may be further brought 

down. However, the products/ technologies whether indigenous or imported need to be 

sufficiently tested for a reasonable period in Indian operating scenario before their commercial 

exploitation.  

2.2.4 ESTIMATED TARIFF OF ELECTRICITY 

The tariff estimate for electricity on HKTs is based on the Central Electricity Regulatory 

Commission (CERC) Tariff Regulations for RE, 2020 by considering the norms as provided 

for therein. The sensitivity analysis of tariff for Capacity Utilization Factor 
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(CUF), Capital Cost (CC) as claimed by MACLEC, useful life and CERC norms considered 

therein has been discussed at Para 2.2.4.1 and tabulated at Tables 6 and 7.  

It may be observed here that the assumptions made in tariff estimation are subject to change 

upon establishment of technology based on the actual cost incurred and successful performance 

outcomes of technology demonstration projects in field. For assessing the outcome, the 

performance of these projects need to be monitored, evaluated and reported over a reasonable 

period of time.  

2.2.4.1 Calculation of Capital Cost (CC) on First Year Tariff (FYT) and Levellised Tariff 

(LT) for HKTs: 

Assumptions: 

Debt-Equity Ratio of 70:30 

IDC: 3.5% of hard cost 

Loan Repayment Period: 15yrs 

Discount rate: 10% 

Effective Tax rate: 25.17% 

As per CERC Regulations for mall Hydro : 

Auxiliary Consumption: 1% 

Interest on Working Capital: 10.5% 

O&M expenses for the first year: Rs 0.42 Cr/MW 

O&M escalation rate: 3.84% per annum 

Depreciation: 4.67% for first 15 years and remaining spread equally during the useful life 

of the project (assumed 40 years) 

Return on Equity (ROE): 14% 

Interest rate: 9% 

Case I: Tariff Sensitivity Analysis for Project Life: 25 years, Capacity Utilization 
Factor (CUF) varying from 50% to 75%, Capital Cost (CC) varying from Rs. 8 Cr to 
Rs. 16 Cr.  

 

Table 6: Tariff for Project life of 25 years 

Project 
Life 

(Years) 
CUF 

CC 
(Rs. 

Crores) 

FYT 
(Rs./Unit) 

LT 
(Rs./Unit) 

25 50% 8 4.17 3.90 
25 50% 10 4.96 4.53 
25 50% 12 5.75 5.17 
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Project 
Life 

(Years) 
CUF 

CC 
(Rs. 

Crores) 

FYT 
(Rs./Unit) 

LT 
(Rs./Unit) 

25 50% 14 6.54 5.80 
25 50% 16 7.34 6.43 
25 55% 8 3.79 3.54 
25 55% 10 4.51 4.12 
25 55% 12 5.23 4.70 
25 55% 14 5.95 5.27 
25 55% 16 6.67 5.85 
25 60% 8 3.47 3.25 
25 60% 10 4.13 3.78 
25 60% 12 4.79 4.30 
25 60% 14 5.45 4.83 
25 60% 16 6.11 5.36 
25 65% 8 3.21 3.00 
25 65% 10 3.82 3.49 
25 65% 12 4.42 3.97 
25 65% 14 5.03 4.46 
25 65% 16 5.64 4.95 
25 70% 8 2.98 2.78 
25 70% 10 3.54 3.24 
25 70% 12 4.11 3.69 
25 70% 14 4.67 4.14 
25 70% 16 5.24 4.59 
25 75% 8 2.78 2.60 
25 75% 10 3.31 3.02 
25 75% 12 3.83 3.44 
25 75% 14 4.36 3.87 
25 75% 16 4.89 4.29 

 
 
Case II: Tariff Sensitivity Analysis for Project Life: 40 years, Capacity Utilization 
Factor (CUF) varying from 50% to 75%, Capital Cost (CC) varying from Rs. 8 
Cr to Rs. 16 Cr. 

 

Table 7: Tariff for Project life of 40 years 

Project 
Life 

(Years) 
CUF 

CC 
(Rs. 

Crores) 

FYT 
(Rs./Unit) 

LT 
(Rs./Unit) 

40 50% 8 4.17 3.90 
40 50% 10 4.96 4.50 
40 50% 12 5.75 5.10 
40 50% 14 6.54 5.70 
40 50% 16 7.34 6.31 
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Project 
Life 

(Years) 
CUF 

CC 
(Rs. 

Crores) 

FYT 
(Rs./Unit) 

LT 
(Rs./Unit) 

40 55% 8 3.79 3.55 
40 55% 10 4.51 4.09 
40 55% 12 5.23 4.64 
40 55% 14 5.95 5.19 
40 55% 16 6.67 5.73 
40 60% 8 3.47 3.25 
40 60% 10 4.13 3.75 
40 60% 12 4.79 4.25 
40 60% 14 5.45 4.75 
40 60% 16 6.11 5.26 
40 65% 8 3.21 3.00 
40 65% 10 3.82 3.46 
40 65% 12 4.42 3.93 
40 65% 14 5.03 4.39 
40 65% 16 5.64 4.85 
40 70% 8 2.98 2.79 
40 70% 10 3.54 3.22 
40 70% 12 4.11 3.65 
40 70% 14 4.67 4.07 
40 70% 16 5.24 4.50 
40 75% 8 2.78 2.60 
40 75% 10 3.31 3.00 
40 75% 12 3.83 3.40 
40 75% 14 4.36 3.80 
40 75% 16 4.89 4.20 

 
 

2.2.4.2 Observation 

  From the above Tables 6 and 7, it can be observed that Levellised Tariff (LT) varies 

from Rs. 2.60 to Rs. 6.43 and First Year Tariff (FYT) varies from Rs. 2.78 to Rs. 

7.34 for CUF varying from 75% to 50%, CC varying from Rs. 8 Cr to Rs. 16 Cr as 

claimed by M/s Maclec, and useful life varying from 40yrs to 25yrs. It can be further 

observed that as CUF increases, FYT and LT decreases and as Capital Cost increases, 

FYT and LT increases, keeping all other factors constant. However, the FYT and LT is 

subject to change/ confirmation based on the performance outcome of the products 

(HKTs/ HKEs) undergoing/ to be undertaken in Indian scenario. The tariff would be 

increasingly higher for lower CUF and technologies/ products having increasingly 

imported content.  
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2.2.5 FRAMEWORK FOR PILOT INSTALLATION, SCALING-UP AND 

ENERGY TRANSACTION  
 

SHK Turbine based on hydro kinetic energy technology for harnessing the potential available 

in water stream is under developmental stage and yet to mature. As per the presentation of 

MACLEC and subsequent discussions of the Committee members, it was revealed that the 

Technology Readiness Level (TRL) of MACLEC as defined in IEC Standard 62600-4 (2020) 

is between 6 - 7, M/s GKinetic have achieved 7 and targeting 8 by April 2022, and that of M/s 

Imp Powers is around 8. In order to adopt such kind of emerging technology on a large scale 

(unit size as well as deployment), sufficient data shall be required to ascertain the successful 

performance of SHK Turbine-Generator (TG) modules/ units in terms of electricity generation, 

handling of trash and sediment, impact on environment and structural continuity particularly 

in Indian Scenario. As such, at this stage, pilot installation of SHK TG can be planned by 

Vendors as Technology Demonstration Projects for ascertaining its performance in Indian 

Power System. The deployment of such TG modules for commercial applications/ scale can be 

done only after ascertaining the satisfactory performance of the pilot installations. 

Further, MACLEC is the only indigenous developer of HKT in the country whereas on the 

other hand, M/s IMP Powers claim to have more than 50% domestic content. Further, M/s 

GKinetic has totally off-shore content. The available unit sizes of MACLEC, M/s GKinetic 

and M/s Imp Powers are 0.5 kW to 500 kW, 10 kW to 60 kW and 5 kW respectively. There 

are few other leading foreign developers of this technology. Hence, as per the PPP- MII (Public 

Procurement (Preference to Make in India)) policy order, both MACLEC & M/s IMP Powers 

are eligible as lass-I Local Supplier  (i.e. having minimum domestic content of 50%).  

During the deliberation among the Committee members, it was decided that the following main 

points be considered before delving into the details of pilot installation and project 

implementation of HKTs: 

i) Approach for awarding Technology Demonstration Projects may be different from 

that of a Commercial project. 

ii) Awarding technology demonstration project for promoting indigenous 

development of technology may have different approach and in this regard, 

Government guidelines regarding Start-Ups and MSMEs need to be complied with. 
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Accordingly, the approach in this matter is proposed to cover the following aspects: 

1. Selection of site and technology for HKT pilot project implementation:  

The ideal site for implementation of pilot project shall be selected based on availability of 

continuous discharge with minimum velocity of 0.5m/s and minimum depth of 1 meter having 

stable slope condition suitable for anchoring.  

a. Site Selection and Potential  

i. Categorization of sites should be done for potential assessment i.e. Canal, River, 

Water channels of Thermal Power Plants, Tailrace of HPPs, etc. Detailed site 

information such as flow distribution, flow velocity and depth must be 

collected/ compiled to study the impact of turbine installation on site 

characteristic. 

ii. Assessment of recoverable resources should be made. 

iii. Wake recovery distance is crucial for array or farm application which should be 

considered by upstream and downstream to determine affected distance. 

iv. Theoretical models for the potential assessment should be developed by 

considering different aspects of site conditions and its effects on head 

loss/performance on generation during installation at channels of existing HPPs. 

v. There is a need to prepare the standards for the different levels of resource 

assessments. 

b. Technology Selection 

i. Different technologies are to be thoroughly investigated considering following 

conditions to find the feasible solutions. 

- Site conditions. 

- Effect of debris management and sediment 

- Different installation parameters i.e. clearance ratio, direction of 

rotation, blockage ratio and vortex formation. 

- Utilization (off-gird and on-grid). 

ii.   Scientific studies on the following aspects should be carried out before the 

selection of hydrokinetic generating unit along with control system; 

- Reliability, 

- Ease of transport at the site, 

- Ease of installation and maintenance, 

- Ease of connectivity, 
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- Ease of power evacuation and, 

- Life cycle cost assessment. 

iii. The testing of turbine in laboratory and field is essential before final deployment 

of this technology at site as per available Standards. 

iv. Generating unit along with control system should be designed by considering 

the variations in the site conditions to obtain the acceptable quality of power. 

v. Commercial production of HKT should be standardized. However, this may not 

be applicable at the time of pilot project.  

c. Research & Development  

i. Studies for performance enhancement of different HKT rotors based on the 

system parameters should be carried out. 

ii. Validation of the performance of such turbines with field data should be done.  

iii. Other issues related to the structural strength of the complete system such as 

shape of the rotor and material of construction should be analyzed. 

iv. Effect of installations of different HKTs on the potential site should be carried 

out such as  

- Effects on head loss/ performance on generation during installation at 

channels of existing HPPs. 

- Wake recovery distance for farm applications. 

- Effects on the water level in upstream and downstream side of turbine 

installation. 

- Effects on the natural habitat. 

v. Lab scale models should be studied to develop prototypes for field testing.  

vi. R&D should be carried out on complete unit of prototype (turbine, generator, 

controllers etc.). 

vii. Guidelines for resource assessment, site selection and technology selection need 

to be developed.  

2. Invitation of Expression of Interest (EoI) 

To explore the market for available technologies, EOIs may be invited from prospective OEMs 

(Original Equipment Manufacturers), Innovators and technologists having indigenous 

capability to develop HKE projects as per the following scope of work:  

(a) Assessment of potential, preparation of DPR and techno-economic feasibility of HKE 

potential available at the proposed location for tapping Hydrokinetic Energy. 
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(b) Pilot project implementation with minimum feasible capacity. 

(c) The basic site data covering average/maximum/minimum discharges, average depth, 

average width and geological conditions shall be mentioned in EOI. 

3. Eligibility Criterion for Evaluation of EOIs  

It appears that the pilot installation will be in kW range (as per the data presented by vendors) 

and cost of such project would not be more than limit stipulated in Order no. 12/17/2019-PPD 

of Ministry of Finance, Department Of Expenditure, Govt. of India pertaining to Global Tender 

Enquiry.  

Based on various presentations, it is implicitly clear that the technology is still at its nascent 

stage. Therefore, in order to ascertain the performance of the turbine and before it is scaled up 

to commercial application, it is proposed that pilot projects under different site conditions and 

unit sizes may be installed for the demonstration purpose by CPSUs near their plants along  

with monitoring and evaluating their performance. EOIs may be invited by respective PSUs on 

domestic basis for pilot project. After the technology is proven viable, one may go for open 

tender enquiry to have more competition.  

Following criteria may be laid down for the evaluation of EOI subject to compliance of the 

Government guidelines applicable for start-ups and Micro, Small & Medium Enterprises 

(MSMEs): 

I. The agency shall be in the business of providing technological services in India for the 

similar work for period of at least two or more years from the cut-off date. 

II. The agency shall be a private/ public limited company with proven track record in 

consultancy/ implementation/ research in the field of micro/ mini/ small hydropower or 

other power & infrastructure projects. The agency may include a company in a JV with 

HKT manufacturer to fulfil this criteria. 

III. Net Worth Criteria to assess financial status. 

IV. The agency shall have suitable facility in India for assembly of equipment and spare 

parts involved in the scheme. 

4. Selection of Prospective Bidder and Implementation of Scheme 

i)  A committee may be constituted by the buyer for "Innovative Technology Selection".  

ii) Based on the criteria laid down in the EOI, the eligible parties may be scrutinized by the 

committee and their offers shall be evaluated for: 
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 Minimum capacity for pilot installation with number of modules and equipment for 

completeness of pilot project in all respects. 

 Their products have been tested by independent institutions for their performance.  

 Preference will be given to the technology that offers a module which brings highest 

deployable capacity (i.e. comprising multiple modules) at the water channel cross-

section of selected site. 

 The Quality and Cost Based Selection (QCBS) concept may also be adopted for 

selection of eligible bidder say, with the technical weightage of 75% and financial 

weightage of 25%.   

 Finalization of Business model: Business models, as shown in following Table 8, can 

be considered.  

Table 8: Different Options of Business Models 

Business 
Models 

Modes Impact 

Collaboration EPC + AMC (With 

generation Guarantee) 

 Active engagement of OEM 

 Generation Guarantee 

 Ownership with project developer 

 Partnership in mutual 

agreed terms of engagement 

 Cost Sharing between OEM and PD 

 Direct involvement of OEM 

 Liability sharing between OEM & PD 

 Low-cost tariff can be achieved 

BOO  Built , 

Operate & 

Own 

Selling Electricity to 

Government/project owner 

 Work in sync with project owner without active 

involvement 

 Higher generation tariff due to external partners 

 

 Utilization of generated energy and mode of connectivity: The energy generated from 

the developed pilot project can be utilized for meeting the auxiliary consumption 

requirement of hydro power plant in two modes of connectivity: 

a. Grid connectivity: In this mode of connectivity, output of the HKT energy 

system will be connected to auxiliary supply system either at Medium Voltage 

(MV) or Low Level (LV) of supply.  

b. Standalone mode: Under this mode, some part of auxiliary load which is non-

critical in nature shall be isolated from main system and connected with the 

HKT energy system.  
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 Technical specifications, BOQ, detailed scope of work, special terms and conditions 

shall be finalized after comprehensive analysis and examination of offers of 

shortlisted parties received from EOI. The assessment of performance shall be one 

year reckoned from the date of commissioning of project. 

5. Implementation of pilot project  

Implementation of pilot project in accordance with technical specifications, adopted business 

model and scope of works shall be done through open tender enquiry.  

6. Assessment of performance  

The performance of the demonstration project shall be evaluated based on the parameters given 

in Table 9: 

Table 9: Parameters for evaluating Performance of Demonstration Projects 

 Sr. 

No. 

Parameters to be monitored  Unit of 

assessment  

 

Claimed 

by 

Developer 

Actual 

1. Gross Energy Generated  kWh   

2. Annual Plant Load Factor %   

3. Outages: i) Planned  
   ii) Forced and Failure of components  

Numbers/ 
Duration/ 
Criticality 

  

4. Cost of Maintenance In Rs.   

5. Revenue Generated In Rs.   

6. Tariff (Rs./Unit) In Rs./Unit   

8. Reliability assessment of Units under all-weather 

condition and disturbance in the system 

   

9. Safety Aspects assessment under all-weather 

condition 

   

10. Impact on performance of original scheme 

related to water stream (irrigation canal, power 

channel, drain/sewage channel, cooling water 

intake channel in thermal power plants, etc.)  

   

 

The Capacity of the demonstration project may be scaled up further based on the performance. 
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CHAPTER 3 

CONCLUSIONS & RECOMMENDATIONS 
 

3.1 CONCEPT  
 

1) Concept of Hydro Kinetic Energy (HKE) and Hydro Kinetic Technology (HKT) 
 

The HKTs extracts the energy of flowing water i.e. practically zero , 

thereby leading to deeper RE penetration in country by exploitation of such technology. 

Further, the probable locations based on site specific studies for HKT installation could 

be canals, major perennial rivers, rivulets, upstream/ downstream channels of existing/ 

upcoming conventional HPPs, cooling water channel of thermal power plants, urban 

waste water/ sewage canals, tidal rivers and oceans (tidal current runs in many rivers 

when they enter into sea), etc. The approach for selection of site and technology shall 

be based on Para. 2.2.5 - 1. 

Benefits of the Technology: 

i. Renewable and 100% green technology i.e. environment friendly. No reliance 

on fossil fuels and no carbon emissions. 

ii. Predictable energy from free flowing water unlike solar and wind, which are 

largely variable and intermittent in nature. 

iii. Offers base load power generation. 

iv. Minimal disturbance to natural flow of river. 

v. Negligible T & D losses and no transmission charges due to generation near load 

centers and connectivity at Distribution Voltage level. 

vi. Portable and easy installation, which is possible even in running water. Further, 

HKT machines are mobile and flexible. 

vii. No land use requirement, no major civil construction requirement. 

Overall, the Hydro Kinetic Technology may prove to be a green and clean renewable 

energy solution to the people on grid and off-grid (i.e. in remote areas). It is also a 

reliable and cost efficient source of electricity.  Moreover, it can contribute significantly 

to RE portfolio of country. The proper support of R&D for this niche area of RE may 
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be a mega boost for economic competitiveness with both conventional and advanced 

fossil fuel-based electricity sources.  

2) Availability of Standards 

The International Electro-technical Commission (IEC) standards for the Hydro Kinetic 

technologies have been developed under IEC 62600 series and are listed in Chapter 2- 

Para 2.1.3.  

These Standards cover various related aspects such as river energy resource assessment, 

specification for establishing qualification of new technology, measurement of 

mechanical loads, power performance assessment of river energy converters and 

electrical power quality requirements, etc. 

3) Construction/ Installation/ Gestation Period/ Useful Life of Hydro Kinetic 

Turbines 

The unit/ project capacity of HKTs and installation of hydrokinetic device depends on 

various hydrological parameters such as depth of water, velocity distribution of water, 

slope of bed of river, sediment properties, etc. Further, in order to prevent the contact 

with floating debris, a protection is required in front of the turbine blade or the system 

may be designed so as to deflect fish and debris. 

As far as the gestation period of a HKE project is concerned, it may vary from few 

months to about a year depending on the project size, whether it is Grid connected or 

Off-Grid, availability of nearby infrastructure such as roads for accessibility, power 

lines for connectivity, type of civil installation requirements, etc. However, the entire 

actual installation of product(s) may range from a day to few days as the product itself 

is basically a plug and play kind of device.  

Further, the useful life of product, as claimed by the manufacturers, may vary from 25 

to 40 years depending on the operating environment and with periodic maintenance as 

recommended by Original Equipment Manufacturer (OEM).  

However, the assessment of useful life and O&M costs in Indian scenario can be firmed 

up only after observing its performance in field (i.e. actual operating environment) for 

a reasonable period.  
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4) Comparison of Hydro Kinetic Turbines (HKTs) with Conventional Head  based 

Turbines 

Upon comparison between HKTs (Unit Size up to 500 kW) and Conventional Low 

Head Hydro Turbines (Unit Size up to 15 MW), it is observed that HKTs can be put 

into operation by extracting energy of flowing water even where there is no natural 

have advantage of minimal requirement of civil structures thereby 

having lower time of completion and lower disturbance to the natural flow of water 

body. However, the unit size of HKT in India may be generally limited to less than 50 

kW due to limited water depth and flow velocity at different sites. 

connectivity at Distribution Voltage level, they have lower Transmission and 

Distribution (T&D) losses and no requirement of paying transmission charges/ losses 

by DISCOMs for equivalent power drawn from the Grid to meet the electricity demand. 

The technology of 

technology for HKTs in India is under technology demonstration stage and 

internationally, HKTs may be nearing completion/ completed technology 

demonstration stage. 
 

3.2 COMMERCIAL APPLICATIONS 
1) Potential  

There is no scientific study done till date in India by a State/ Nationally accredited or 

recognized body covering all groupings of Hydro Kinetic Energy like Canal, River, 

Tailrace of HPPs, marine current, etc. For example, the non-profit organization Electric 

Power Research Institute (EPRI), USA has estimated that in the United States, new 

hydrokinetic technologies could provide an increase in generation capacity of 3,000 

MW by 2025. Assessment and Mapping of the Riverine 

Hydrokinetic Resource in the Continental United States he estimate of Technically 

Recoverable Power of Hydro Kinetic Energy for the continental United States is 120 

TWh/yr, translating to about 18.3 GW of exploitable potential at Load Factor of 75 %.   

Considering the abundance of flowing water network in India and some specific studies 

done, the potential of HKTs in India appears to be on GW scale, however, reasonable 

exploitable potential in MW (Demand) and MWh (Energy) can be assessed based on 

actual study considering water availability, hydraulic conditions (velocity and depth of 

flow), etc. required for SHK turbine. As the globally acceptable Standards for 

assessing potential have recently become available under IEC, the undertaking of 
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such a study could be considered by GoI by awarding the work to a competent 

agency/ institution and outcome of which could be considered for inclusion in RE 

pote . 

Further, the site-specific project potential needs to be based on the Detailed Project 

Report (DPR) and which may be prepared covering all techno-economic issues based 

on site-specific project parameters. The approach for selection of site and technology 

shall be based on Para. 2.2.5  1. 

Apart from the above, other user conflicts such as drinking water, irrigation, navigation, 

recreational activities (boating, fishing) should also be considered during planning 

phase. Further, the allotment process of HKTs/ HKE technology should be similar 

to small hydropower with a single window clearance. 

2) Status of Development of HKT Technology in India and Abroad 

The technology of HKTs is already under various stages of establishment in India and 

other parts of the world and not a new innovation. However, the major challenge 

remains that this technology is still under development stage and not a proven 

technology yet. Performance of these turbines need to be observed in field trials 

for a reasonable period of time and after successful results of such pilot project(s), 

further course of action for implementation of SHK technology for commercial 

purpose and on commercial/ large scale may be undertaken. 

3) Cost  

The total installation cost of SHK Turbines given by MACLEC (Indian firm- Class-I 

Local Supplier having minimum local content of 50%) as submitted before the 

Committee is as low as Rs. 8 Crores for a 1 MW installation comprising number of 

modules of an indigenous product. For M/s Imp Powers (Indian Partner of M/s Smart 

Hydro Power, Germany having exclusive rights for India- Class-I Local Supplier), the 

cost is Rs. 21.4 Crores/MW. For M/s GKinetic (Foreign firm), the cost is Rs. 46.25 

Crores/MW excluding installation and commissioning charges.  

As the claim for an indigenous HKT product price is cheaper and as low as about Rs. 8 

Crores/MW for a 1 MW installation, it can be inferred that the domestic manufacturers 

present a better alternative cost-wise after reaching to the TRL of 9 with successful 
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outcome of installation of few pilot projects that are efficient and well monitored. This 

Make in India  initiative of GoI.  

The cost of installation of SHK turbines also depends on the unit size, total installed 

capacity of a project, extent of indigenization, site parameters, etc. and may further 

change depending on the sectoral growth. Also, if these technologies are manufactured 

and scaled up along with sufficient Government support, the overall cost may be further 

brought down. 

4) Estimated Tariff of Electricity 

Based on norms under CERC Tariff Regulations for RE, 2020 

the Levellised Tariff (LT) for HKT product of M/s Maclec varies from Rs. 2.60 to       

Rs. 6.43 per unit whereas First Year Tariff (FYT) varies from Rs. 2.78 to Rs. 7.34 

per unit for Capacity Utilization Factor (CUF) varying from 75% to 50%, Capital 

Cost (CC) varying from Rs. 8 Cr to Rs. 16 Cr and useful life varying from 40 yrs 

to 25 yrs. It can be further observed that as CUF increases, FYT and LT decreases and 

as CC increases, FYT and LT increases, keeping all other factors constant. The 

sensitivity analysis of estimated tariff with respect to CUF, CC and useful life is 

detailed/ tabulated at Chapter 2 - Para 2.2.4.1.  However, this may also vary depending 

on the actual cost and CUF of the unit, life of equipment/ project and O&M cost, and 

which could be firmed up at a higher confidence level only after its performance 

observance in actual operating environment over a reasonable period during the 

technology demonstration stage. 

5) Framework for Pilot Installation, Scaling-Up and Energy Transaction 

The approach for awarding Technology Demonstration Projects may be different than 

that for awarding a Commercial project. Further, awarding the technology 

demonstration project for promoting indigenous development of technology may have 

a different approach and in this regard, Government guidelines regarding Start-Ups and 

MSMEs need to be complied with. The details in this regard including different 

business models have been discussed under Chapter 2  Para 2.2.5. 

The ideal site for implementation of pilot project shall be selected based on the 

availability of continuous discharge with certain minimum velocity, depth, stable slope 

condition suitable for anchoring, etc. To explore the market for available technologies, 

Expression of Interests (EOIs) may be invited from prospective OEMs, Innovators, and 

technologists having indigenous capability to develop HKE projects. 
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ANNEXURE-I 
 

 

MoP letter dated 13/08/2021 containing Record of Discussions (RoD) chaired by Secretary 
(Power), GoI dated 03/08/2021 wherein it was directed to constitute the Committee under the 
chair of Member (Hydro), CEA to study the Concept and Commercial applications of Hydro 
Kinetic Turbines developed by M/s Maclec Pvt. Ltd. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 













 

 

 

 

 

ANNEXURE-II 
 

 

CEA O.M. dated 24/08/2021 vide which the Committee under the chair of Member (Hydro), 
CEA was constituted to study the Concept and Commercial applications of Hydro Kinetic 
Turbines developed by M/s Maclec Pvt. Ltd. Delhi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

�� रत सर�� र /Government of India

�	
� त �
 �� लय /Ministry of Power

�� �� य �	
� त �� ���रण /Central Electricity Authority

 जल �	
� त अ�� य�
 �� ��  	 �� 
� ����  �	 �� स � �� �

Hydro Engg. & Technology Dev. Division

स�	� �	न, आर. �� .   �र�-1, नई "#$ल�-110066

Sewa Bhawan, R. K. Puram-1, New Delhi-110066

%� ल� /Tele: 

011-26732789

ई�� ल /Email :

hetdcea@nic.in   

	� बस� इ% /Website:

www.cea.nic.in   

No.: 10/3/HETD/2021/       Date:    .08.2021

OFFICE MEMORANDUM

Subject: Constitution of Committee to study the concept & commercial applications

of Hydro Kinetic Turbine developed by M/s MACLEC - reg. 

 A meeting was held under the chairmanship of Secretary (Power) with

representatives  of  CEA,  MNRE & CPSUs  under  Ministry  of  Power  through  Video
Conferencing on 03.08.2021  to deliberate on the technical as well as commercial

aspects of  Hydro Kinetic Turbine developed by M/s MACLEC. A copy of Record of
Discussion  (RoD),  received  vide  MoP  letter  dated  13.08.2021,  is  enclosed  for

reference,  wherein,  it  has  been  decided  to  constitute  a  Committee  headed  by
Member (Hydro) and consisting of members from CEA, MNRE, NHPC, THDC and IIT-

Roorkee  to  study  the  concept  &  commercial  applications  Hydro  Kinetic  Turbine
developed by M/s MACLEC. The composition of the Committee would be as under:

1. Member (Hydro), CEA - Chairman
2. Chief Engineer (F&CA), CEA - Member

3. Chief Engineer (HPA), CEA - Member
4. A Representative of MNRE - Member 

5. A Representative of NHPC* - Member 
6. A Representative of THDC* - Member

7. A Representative of IIT-R - Member
8. Chief Engineer (HETD), CEA - Member Convener 

               Scope of the Committee, inter-alia, shall be to study the operational

concept,  cost  of  generation  and  commercial  applications  etc.  of  Hydro  Kinetic

Turbines  and  shall  submit  its  report  within  45  days  to  Ministry  of  Power.  The

Committee may co-opt any other member, if required. 

                This issues with the approval of Competent Authority.

Encl: as above 

(Reetesh Tiwari)
     Dy. Director

To,

(As per List attached)

File No.CEA-HY-17-145/1/2018-HETD Division-Part(2)

mailto:hetdcea@nic.in
http://www.cea.nic.in/


To (As per List):

1. Secretary (MNRE), Block no. 14, CGO Complex, Lodhi road, New Delhi –

with a request to nominate a representative (Director and above) of MNRE

to the above Committee

2. Chairman & Managing Director, NHPC Ltd, NHPC Office Complex, Sector-

33, Faridabad – 121003 - with a request to nominate a representative of

NHPC (not below the rank of ED/GM) to the above Committee

3. Chairman & Managing Director, THDC Ltd, Rishikesh, Uttarakhand - with a

request to nominate a representative of THDC (not below the rank of ED/

GM) to the above Committee

4. Head of Department, Hydro & Renewable Energy, IIT-R, Roorkee - with a

request to nominate a representative of IIT-R to the above Committee

5. Chief Engineer (F&CA), CEA

6. Chief Engineer (HPA), CEA

7. Chief Engineer (HE&TD)

Copy for information to:

1. Joint Secretary (Hydro), MoP

2. SA to Chairperson, CEA

3. SA to Member (Hydro), CEA

4. SA to Member (E&C), CEA

File No.CEA-HY-17-145/1/2018-HETD Division-Part(2)
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Minutes of 1st Meeting of the Committee held on 02/09/21 

 

 

 

 

 

 

 

 

 

 

 

 

 



�� रत सर�� र /Government of India

�	
� त �
 �� लय /Ministry of Power

�� �� य �	
� त �� ���रण /Central Electricity Authority

जल �	
� त अ�� य�
 �� ��  	 �� 
� ����  �	 �� स � �� �

Hydro Engg. & Technology Dev. Division

स�	� �	न, आर. �� .   �र�-1, नई "#$ल�-110066

Sewa Bhawan, R. K. Puram-1, New Delhi-110066

%� ल� /Tele:

011-26732789

ई�� ल /Email:

hetdcea@nic.in   

	� बस� इ% /Website:

www.cea.nic.in

No. 10/3/HETD/2021/                                                                          Date:    .09.2021

Subject: Minutes of 1st Meeting of the Committee constituted to Study the Conceptual and

Commercial Application of Hydro Kinetic Turbine developed by M/s Maclec held

through VC on 02.09.21 – reg.

               Please find enclosed herewith the minutes of 1 st meeting of the Committee

constituted  to  study  the  conceptual  and  commercial  application  of  Small/Surface  Hydro

Kinetic Turbine developed by M/s Maclec held through VC on 02.09.21 placed at Annex-I.

Encl: as above 

   (Reetesh Tiwari)

     Dy. Director

To:
1. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

2. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

3. Prof. Arun Kumar, IIT Roorkee

4. Prof. R. P. Saini, IIT Roorkee

5. Sh. Gangesh Upadhyay, Scientist G, MNRE

6. Sh. Sanjay Kumar Shahi Scientist D, MNRE

7. Sh. Keshav Deshmukh, ED (D&E), NHPC 

8. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

9. SA to Member (Hydro), CEA

File No.CEA-HY-17-145/1/2018-HETD Division-Part(1)
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Annex-I

Minutes  of  1st Meeting  of  Committee  constituted  to  Study  the  Conceptual  and

Commercial Application of Hydro Kinetic Turbine developed by M/s Maclec held

through VC on 02.09.21

List of Participants:

1. Sh. B.K. Arya, Member (Hydro), CEA

2. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

3. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

4. Prof. Arun Kumar, IIT Roorkee

5. Prof. R. P. Saini, IIT Roorkee

6. Sh. Gangesh Upadhyay, Scientist G, MNRE

7. Sh. Sanjay Kumar Shahi Scientist D, MNRE

8. Sh. Keshav Deshmukh, ED (D&E), NHPC 

9. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

10. Sh. Rakesh Kumar, Chief Engineer (HE&TD) CEA

The 1st meeting of the Committee, constituted under the chair of Member (Hydro), CEA vide

CEA Office Order dated 24.08.2021 subsequent to MoP letter dated 13.08.2021 to study the

concept and commercial application of Hydro Kinetic Turbine developed by M/s Maclec, was

convened  by  Sh.  Rakesh  Kumar,  CE  (HETD),  CEA  on  02.09.2021  through  Video

Conferencing.  The  meeting  started  with  opening  remarks  by  Sh.  B.K.  Arya,  Member

(Hydro), CEA. 

Member (Hydro), CEA appreciated the innovative idea of installing SHK turbines in small

canals  for  generating  electricity.  However,  he  emphasized  to  verify  the  technical  &

commercial viability and cost of electricity generated through this technology.

CE (HE&TD) gave a presentation throwing light on background of the events and informed

about the sequence of events that led to formation of this committee. In Nov’ 2020, M/s

Maclec gave a presentation on the Surface Hydro Kinetic  Turbine technology developed

indigenously  by  them.  In  July’21,  discussion  were  again  held  among  CEA  and

representatives of different Hydro PSUs in presence of JS (Hydro), MoP to examine the

usefulness  of  such  technology.  Finally,  Secretary  Power  in  a  subsequent  meeting  on

03.08.21 decided to constitute a committee to look into different aspects of this technology.

CEA issued order for constitution of committee along with Terms of Reference (ToR) on

24.08.21 with stipulation to submit report within 45 days by 08.10.21.

CE (HE&TD) in his presentation further briefed about the profile of M/s Maclec, their area of

operation and specialization. It was informed that the company specializes in floating type

hydro kinetic turbines whereas other companies in the field are working on submerged type.

Some technical features, its components and other associated parts of Surface type Hydro

Kinetic (SHK) turbine developed by M/s Maclec were also presented. It was informed that

these turbines can operate at a water velocity as low as 0.5m/s, are environment friendly

and  have  life  of  about  35  years  as  claimed by  M/s  Maclec.  Salient  outcomes  of  study

conducted by the company for Tanakpur project of NHPC & BBMB project were presented

along with their financial parameters & cost of generation.

It  was further informed that  India  has about  92GW potential  of  Hydrokinetic energy as

claimed by M/s Maclec. However, CE (HE&TD) stated that this figure needs to be cross

checked by conducting further more studies. He further brought committee’s attention to
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the high capital cost and comparatively lower tariffs as claimed by M/s Maclec to be checked

up and verified. He mentioned that the economy of the scale shall bring the cost down. 

Sh. Gangesh Upadhyaya, Scientist G, MNRE expressed his views that it needs to be verified

whether the technology is well demonstrated and established globally. The claims made by

the  company,  about  efficiency  of  their  machine,  plant  load factor  and durability  or  life

expectancy, needs to be established on field. He opined that projects of only few KW range

have been studied hence technology is not well demonstrated yet. He, further, suggested

that  the  claims  of  M/s  Maclec  must  be  verified  by  third  party.  Then  only  potential

assessment at country level should be done. He enquired about the cost parity done by the

company between conventional low head hydro plant and SHK turbines and limitation of

SHK turbines below their designed water velocity. 

Sh. Keshav Deshmukh, ED (Design & Engineering), NHPC opined that all the power channels

are so designed to minimize the head losses of hydro plants. Installing SHK turbine on the

power channel may increase the head losses resulting in generation loss from existing hydro

plants. Further, SHK turbines have efficiency only up to 40%. He stated that these turbines

may  not  be  suitable  for  power  channels  except  for  irrigation  channels  or  other  water

streams.

Prof. R.K. Saini, IIT Roorkee explained that many Hydro Kinetic Turbine developer world

over have claimed about the technology readiness of their systems, howerver, installation of

such turbines is challenging and site specific studies needs to be conducted. There are two

types of such turbines - cross flow & axial flow. Further, submerged and surface turbines

are two other categories based on their installation. He informed that M/s Maclec & IIT

Roorkee have worked on a R&D project on HKT sponsored by UJVN, of which he is also a

member and work is still ongoing. CFD analysis has been done for mechanical output and

validated for small model of 20 watt only.  This capacity can be scaled up only up to 5KW to

15KW for a water velocity of  2m/s. Ideal efficiency of such turbines is 39.2%. He also

emphasized that assessment of potential should take care of all the restraining factors like

wake recovery distance, water level rise, impact on conventional plants etc.  

A  case study of  irrigation canal  in  USA was quoted.  The study states potential  of  HKT

includes water supply disruption, affecting head/discharge condition in irrigation canal. HKT

also  results  in  flooding  when  turbine  is  deployed  and  operation  increases  water  level,

reduction in power generation in nearby hydro plant and unfavorable erosion deposition in

later  years.  Eastern Yamuna HE assessment concluded the wake recovery distance was

quoted as 216m for water. 

Prof.  Arun  Kumar,  IIT  Roorkee  explained  that  all  the  aspects  related  to  mechanical,

electrical performance, control & integration issues should be tested and verified for such

turbines. Other issues like water level rises, impact on existing plants may be analyzed

before it is put to commercial use. HKT should not be installed very close to either intake or

TRT outlet. Scientific approach based study of potential and performance assessment needs

to  be done.  He informed that  IEC 62600 is  already published which covers  four  major

domains  -  resource  assessment,  performance  assessment,  technology  assessment/

electrical power quality assessment. He, further, opined that the SHK turbine of M/s Maclec

may have technology readiness level of about 5 or 6 on a scale of 1 to 9. So it may not be

commercially deployed right now. He also mentioned that most of the Indian rivers are not

perennial in nature and have abundant water in monsoon but are dry in summers. He also

threw some light  on  global  status  of  this  technology  and  mentioned  that  most  of  the

projects to tap hydrokinetic energy could not see the light of the day beyond pilot phase.
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However,  some  kind  of  hand  holding  is  required  for  the  technology  to  encourage  the

entrepreneurs  and  start-ups  to  promote  Make-in-India  initiative  of  GoI.   Some funding

support should also come from industries for indigenous development this new technology.

Therefore,  Committee  should  recommend  on  making  funds  available,  testing  of  the

technology, demonstration of projects in field and their performance test. 

Sh. S. K. Shahi, Scientist D, MNRE also had similar opinion that the potential is debatable,

cost & tariff structure needs further verification. In such scenarios, these turbines should not

be commercially deployed. However, he sought opinion of the committee on the kind of

support to be provided to make it viable.

Sh. Ajay Talegonkar, CE (F&CA), CEA also mentioned that hand holding a new technology is

necessary. However, there is only one Indian vendor in the market and there should be fair

competition in new technology to make advancements. He stated that VGF was also given

to solar & wind technology and also planned for hydrogen energy. However, viability of SHK

turbines needs to be established first, potential needs to be correctly established then only

VGF  support  can  be  extended.  Testing  different  HK  technologies  establishing  financial

model, validating data are the things to be done beforehand. He opined to invite oversees

players for presentation for better understanding and comparative analysis of technology.

Sh. L. P. Joshi, GM (Design), THDCIL  also had similar view that if Technology readiness

level is only 5 or 6 then there is no use of deploying such technology at large scale. He

emphasized upon analyzing the performance of upcoming projects of M/s Maclec to decide

on  commercial  applicability.   He  suggested  that  Hydro  PSUs  can  deploy  small  scale

demonstration  projects  downstream  of  TRT  to  witness  the  performance.  He  further

suggested that global EOI may be a cumbersome & tedious process and we should go for

indigenous  vendors  to  promote  Atma-Nirbhar  Bharat  scheme.  He  also  talked  about

possibilities  of  different  business  models  to make it  viable  and stated that  risk sharing

approach was considered as the best.

The Committee deliberated upon the structure of report and domains to be covered on

conceptual and commercial aspects and time lines of different activities for submission of

report to MoP. 

It  was unanimously  decided to invite M/s Maclec for presentation to clarify on different

aspects deliberated above.

Meeting ended with a vote of thanks to all participants.
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�� रत सर�� र /Government of India
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� त �
 �� लय /Ministry of Power
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Hydro Engg. & Technology Dev. Division

स�	� �	न, आर. �� .   �र�-1, नई "#$ल�-110066

Sewa Bhawan, R. K. Puram-1, New Delhi-110066

%� ल� /Tele:

011-26732789

ई�� ल /Email:

hetdcea@nic.in   

	� बस� इ% /Website:

www.cea.nic.in

No. 10/3/HETD/2021/                                                                          Date:    .09.2021

Subject: Minutes of 2nd Meeting of the Committee constituted to Study the Conceptual and

Commercial Application of Hydro Kinetic Turbine developed by M/s Maclec held

through VC on 06.09.21 – reg.

               Please find enclosed herewith the minutes of 2nd meeting of the Committee

constituted  to  study  the  conceptual  and  commercial  application  of  Small/Surface  Hydro

Kinetic Turbine developed by M/s Maclec held through VC on 06.09.21 placed at Annex-I.

Encl: as above 

   (Reetesh Tiwari)

     Dy. Director

To:
1. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

2. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

3. Prof. Arun Kumar, IIT Roorkee

4. Prof. R. P. Saini, IIT Roorkee

5. Sh. Gangesh Upadhyay, Scientist G, MNRE

6. Sh. Sanjay Kumar Shahi Scientist D, MNRE

7. Sh. Keshav Deshmukh, ED (D&E), NHPC 

8. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

9. SA to Member (Hydro), CEA
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Annex-I

Minutes  of  2nd Meeting  of  Committee  constituted  to  Study the  Conceptual  and

Commercial Application of Hydro Kinetic Turbine developed by M/s Maclec held

through VC on 06.09.21

List of Participants:

1. Sh. B.K. Arya, Member (Hydro), CEA

2. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

3. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

4. Prof. Arun Kumar, IIT Roorkee,

5. Prof. R. P. Saini, IIT Roorkee

6. Sh. Gangesh Upadhyay, Scientist G, MNRE

7. Sh. Sanjay Kumar Shahi Scientist D, MNRE

8. Sh. Keshav Deshmukh, ED (D&E), NHPC 

9. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

10.Sh. Rakesh Kumar, Chief Engineer (HE&TD) CEA

The 2nd meeting of Committee, constituted to study the concepts and commercial application

of Hydro Kinetic Turbine developed by M/s Maclec, was convened by Sh. Rakesh Kumar,

Chief  Engineer  (HETD),  CEA  on  06/09/2021  through  Video  Conferencing.  CE  (HETD)

welcomed all the participants and invited M/s Maclec for their presentation.

Sh. Balram Bhardwaj, on behalf of M/s Maclec, briefed about his company profile and gave

the presentation on SHK turbines. He further illustrated about Surface Hydro Kinetic Turbine

technology, its design aspects, cost comparison with other existing technologies, readiness

level and commercial applicability of their product. The assessment of estimated cost of

generation and its validation methodology adopted by M/s Maclec were also explained. 

The committee then deliberated on different aspects of the product and technology. Issues

about cost of generation, integration with grid, reduction in head for conventional plant if

installed  in  power  channels  of  existing  plants  etc.  were  discussed.  The  committee  also

sought clarification about the assumptions made on different aspects of assessment of cost

of  generation viz.  operational  life  of  project,  RoE, funding arrangement,  PLF  as well  as

assessment of available potential of HK energy in the country.  Availability of other players

in country to have fair competition in the field was also discussed.

All  the committee members were of the view that M/s Maclec should come up with the

results of some demonstration projects already installed & operational for validation of their

claims on different performance aspects of the product and technology. 

In response, M/s Maclec informed that they have done continuous research & testing and

have few projects to be soon installed. However, they sought some time to compile such

data available to them and present to the committee.

It was decided that the next meeting shall be convened shortly wherein M/s Maclec could

clarify on aforementioned queries and share the data with committee for verification.

The meeting ended with a vote of thanks to all the participants.
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Energy Ltd gave presentation on Kinetic Turbines.
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Annex-I

Minutes  of  3rd Meeting  of  Committee  constituted  to  Study  the  Concept  and
Commercial Application of Hydro Kinetic Turbine developed by M/s Maclec held

through VC on 14.09.2021

Special Invitee: M/s G-Kinetic Energy Ltd

List of Participants:

1. Sh. B.K. Arya, Member (Hydro), CEA

2. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA
3. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

4. Prof. Arun Kumar, IIT Roorkee
5. Prof. R. P. Saini, IIT Roorkee

6. Sh. Gangesh Upadhyay, Scientist G, MNRE
7. Sh. Sanjay Kumar Shahi Scientist D, MNRE

8. Sh. Keshav Deshmukh, ED (D&E), NHPC 
9. Sh. L. P. Joshi, GM (EM-Design), THDCIL

10. Sh. Rakesh Kumar, Chief Engineer (HE&TD) CEA
11. Sh. Vincent McCormack, CEO, G-Kinetic Energy Ltd 

12. Ms. Roisin McCormack, COO, G-Kinetic Energy Ltd 

The 3rd meeting of Committee constituted to study the concept and commercial application

of Hydro Kinetic Turbine was convened by Sh. Rakesh Kumar, CE (HETD), CEA under the
chairmanship  of  Member  (Hydro),  CEA  on  14.09.2021  at  11:30  am  through  Video

Conferencing, wherein M/s G-Kinetic Energy Ltd, an Irish Company, was invited to discuss
their  product  in  the  form  of  Hydro  Kinetic  Turbine.  The  meeting  started  with  brief

introduction  of  Mr.  Vincent  McCormack,  CEO and  Ms.  Roisin  McCormack,  COO of  the
company G-Kinetic Energy Ltd. It was further informed that Mr. Vincent McCormack is on

the IEC Industry Advisory Adhoc Group. 

At the outset, the Chair welcomed all the committee members and representatives of G-

Kinetic Energy Ltd. He gave a short introduction about the committee, their interests in
knowing more about the technology, its development status worldwide and to assess its

viability for deeper penetration of RE in the country. He then invited representatives from
G-Kinetic to start the presentation.

In her opening remarks, Ms Roisin stated that their company was founded in 2014, with a
mission & vision to unlock 100% clean, predictable energy from free flowing water. The

company is based in County Limerick, Ireland and is undertaking two large pilot projects,
one comprising 18 units of 12kW to be deployed and the other 7 units are to be allocated.

Their product profile is a floating platform that can be moored like a boat, standardized &
simple which can be deployed in to the flowing water for instantaneous generation of

power. 

The  device  comprises  of  a  central  pillar  and  two  vertical  axis  turbines.  The  key

differentiator of the device is the central obstacle (bluff body) which accelerates water in
to the turbines on both sides and is very effective as validated in the CFD models / real

scale operational deployment. Its efficiency tested in the lab is 41%. Due to outwards
design of the turbines, fish and debris are naturally deflected and thrown out. The turbine

is capable of 30kW but the unit is designed for 12kW at a flow velocity of 2m/s with a cut
in speed of 0.5m/s and cut off speed of 3.3m/s requiring a minimum draft of 1.8m. G-

Kinetic demonstrated that these turbines can be deployed floating in canals or attached to
existing infrastructure, etc. and solar panels can be added on the top. When compared

with their competitors like Smart Hydro, ORPC, Emry & Hydroquest, their technological
advantages  are  low  flow  velocity  requirements  i.e.  2m/s,  natural  debris  deflection,

mobility of the machine, access from the surface, etc. 

File No.CEA-HY-17-145/1/2018-HETD Division-Part(2)



Regarding  Technological  Readiness  Level  (TRL),  NUI,  Galway  has  validated  the  core
concepts. The technology was validated in a lab IFERMER Test Tank at Boulogne-Sur-Mer,

France like flow velocities, mechanical power generated, rotational speeds, drag forces
and efficiency of 40%, etc. The technology validation in relevant environment at Limerick

Dock for controlled tow tests (10 months) at different inflow and rotational speeds (TRL-
5). The full scale 25kW & 60kW devices have been designed, built, installed and tested by

their  manufacturer  ‘DesignPro  Ltd’  for  System Prototype  demonstration  in  operational
environment (TRL 6-7).

Presently, G-Kinetic is at TRL-8 and planning 3 units by April 2022 in Limerick Islands and
looking for final gaps to be addressed to develop Annual Energy Prediction (AEP) software

to evaluate deployment sites, energy output from continuous operation over the project
period. By the end of next year, G-Kinetic hopes to be fully commercialized with 25 units

of 12kW. It is selling the completed ‘CEFA12 unit’  for €64,000 which does not include
installation/commissioning charges. G-Kinetic explained that they are highly interested in

irrigation canals. 

Queries & Replies:

1. To the committee’s query regarding global potential of 200 GW, expected useful life
and  tariff,  Ms  Roisin  replied  that  it  is  based  on IRENA report  wherein  country

specific studies were made. The expected design life of the parts is 7 years and the
generator  gear  box is  of  standard equipments  depending upon the high & low

energy sites.

2. Regarding the depth requirement of the machine, the GKinetic representative said

that they require 1.8m for floating and 1.5m for generating power. The turbines are
self starting with PMG generators which are capable of conditioning the power and

the machine can be connected to grid with inverter system.

3. The Committee members  informed the invitees  about  the variation of  seasonal

flows in central India rivers, which have very low discharges with a water depth
generally  below  2m  and  where  high  discharges  occur  only  during  monsoon.

Further, the Himalayan rivers are very steep having velocities more than 3.3m/s
(i.e cut off velocity) carrying high silt & boulders.

Ms/s GKinetic replied that this product may not be suitable for steep rivers and
hydro  dams  are  better  options.  Their  product  is  suitable  for  places  with  flat

gradients having big volumes of water, where conditions are good for generating
de-centralised power.

4. Regarding the case of  power  canals  with existing hydraulic  installations,  it  was
enquired whether G-Kinetic turbines could cause head loss in power canal. 

No specific reply received.

5. Regarding the case of irrigational canals where there is no issue of head loss, the

seasonal nature of canals, running only for 4-5 months, it was enquired whether
this system will be commercially viable. 

M/s G-Kinetic said that they have several queries from thermal plants which may
be having controlled 24x7 flows coming from running waters from cooling towers in

the canals.

6. Another  query  was  raised regarding  effect  of  heavy silt  on  these  turbines  and

expected unit  charge rates of about Rs15-20 with 50% load factor making this
technology unviable in India. 

M/s  G-Kinetic  said that  European policies  is  to  increase carbon tax for  making
people realise that fossil fuels are not viable in the future and they don’t know the
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Indian market  in detail  for  which they may require study to  make the product
viable in India. Further heavy silt may cause increased wear which require frequent

changing of bushes.

As a closing remark, CE (HE&TD) mentioned that the report we intend will give an insight

to  the  policy  makers  as  well  as  awareness  among  utilities  where  the  technology
development  can  be  further  exploited  and  an  exercise  may  be  taken  to  explore  the

potential.

Meeting ended with a vote of thanks to all participants.

File No.CEA-HY-17-145/1/2018-HETD Division-Part(2)



 

 

 

 

 

ANNEXURE-VI 
 

 

Minutes of 4th Meeting of the Committee held on 14/09/2021 A/N 

Special Invitee: M/s Maclec Pvt. Ltd., Delhi 

 

 

 

 

 

 

 

 



�� रत सर�� र /Government of India

��	
 त �� 
� लय /Ministry of Power

�� �� य ��	
 त �� ���रण /Central Electricity Authority

जल ��	
 त अ�� य�� �
 ��  � �� 	� ����  �� �� स � �� �

Hydro Engg. & Technology Dev. Division

स� ��  ��न , आर . �� .  �
 र�-1, नई !" # ल� -110066

Sewa Bhawan, R. K. Puram-1, New Delhi-110066

$� ल� /Tele:

011-26732789

ई�� ल /Email :

hetdcea@nic.in   

�� बस� इ$ /Website:

www.cea.nic.in

No. 10/3/HETD/2021/                                                                Date:    .09.2021

Subject: Minutes of 4th Meeting of the Committee constituted to Study the Concept

and Commercial  Application of Hydro Kinetic Turbine developed by M/s

Maclec held through VC on 14.09.2021 – reg.

               Please find enclosed herewith the minutes of 4th meeting of the Committee

constituted to  study the conceptual  and commercial  application of  Small/Surface

Hydro Kinetic Turbine developed by M/s Maclec held through VC on 14.09.21 placed

at Annex-I.

Encl: as above 

  (Reetesh Tiwari)

 Dy. Director

To:
1. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

2. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

3. Prof. Arun Kumar, IIT Roorkee

4. Prof. R. P. Saini, IIT Roorkee

5. Sh. Gangesh Upadhyay, Scientist G, MNRE

6. Sh. Sanjay Kumar Shahi Scientist D, MNRE

7. Sh. Keshav Deshmukh, ED (D&E), NHPC 

8. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

9. SA to Member (Hydro), CEA

File No.CEA-HY-17-145/1/2018-HETD Division-Part(2)

http://www.cea.nic.in/
mailto:hetdcea@nic.in


Annex-I

Minutes of 4th Meeting of Committee constituted to Study the Concept and

Commercial Application of Hydro Kinetic Turbine developed by M/s Maclec

held through VC on 14.09.2021

List of Participants:

1. Sh. B.K. Arya, Member (Hydro), CEA

2. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

3. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

4. Prof. Arun Kumar, IIT Roorkee

5. Prof. R. P. Saini, IIT Roorkee

6. Sh. Gangesh Upadhyay, Scientist G, MNRE

7. Sh. Sanjay Kumar Shahi Scientist D, MNRE

8. Sh. Keshav Deshmukh, ED (D&E), NHPC 

9. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

10. Sh. Rakesh Kumar, Chief Engineer (HE&TD) CEA

11. Sh. Balram Bharadwaj, M/s Maclec

The 4th meeting  of  Committee constituted to  study the concept  and commercial
application of Hydro Kinetic Turbine developed by M/s Maclec was convened by Sh.

Rakesh Kumar, CE (HETD), CEA under the chairmanship of Member (Hydro), CEA on
14.09.2021 at 03:30 PM through Video Conferencing, wherein several queries were

discussed regarding Hydro Kinetic Turbines being offered by M/s Maclec.

At the outset, Sh. Rakesh Kumar, CE (HE&TD), CEA welcomed all the committee

members and representatives of M/s Maclec. He invited Sh. Balram Bharadwaj from
M/s Maclec to present his PPT related to the queries specifically on establishment of

technology capability,  testing methodology and standards in continuation to their
previous presentation wherein other areas have already been covered. 

Sh. Balram gave a brief of the topics to be covered in the presentation i.e. design
capability,  turbine testing procedure, test duration & results,  Indian/International

standards used, conformance to the available operational regulations in terms of
grid connectivity, etc.

1) Regarding Design capability, he informed that M/s Maclec have carried out
CFD analysis to check the scalability, impact of debris, wake recovery, etc.

using methodology given by HRED, IIT Roorkee which also complies with the
IEC62600-300:2020 (Past 300: Electricity producing river energy converters

– Power performance assessment) during 2014-2019. 

According to M/s Maclec, the existing Hydro Kinetic technologies are complex

as well as imported which cannot be customized with several limitations of
site parameters, high capital cost, O&M cost and low efficiency. As such, M/s

Maclec has come up with a new hypothesis of partial submergence of multi
rotor cross  flow turbine which can enhance efficiency & customizability  to

harness inexhaustible untapped potential at lowest possible cost to develop
indigenously.  Its  idea  validation  started  with  the  help  of  IITR  and

subsequently field tests were conducted on prototype between Aug’2014 –
Feb’2015 for  improvisation  of  the  design  and  design  validation  was  done

using tools like Solidworks & Ansys. Performance validation was done by the
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tools provided by HRED, IITR and parameters by CHTTC, Canada & AHERC,
US. Hence after 2015, Maclec got an algorithm to scale up the device. 

Through prototype testing at multiple locations for design validation of turbine
blade profile, floating & anchoring arrangement, gearbox, generator, power

stabilization,  etc.  they came up with  the validation  of  turbine technology,
using methods given by HRED, IITR which are now qualifying IEC TS 62600-

300:2020. Maclec presented the photographs & clips of prototype testing at
Ramganga river, lab tests at HRED, IITR & Maclec lab, Delhi, Field test at

Ramganga river and Gurgaon canal. Further the results of prototype testing
showed efficiency achieved of about 48% demonstrated in Velocity vs Power

coefficient (Cp) curve and Tip speed ratio (TSR).

M/s Maclec started site identification, available maximum & minimum velocity

range, depth range for suitability of SHK turbine through CFD analysis using
‘Velocity v/s Cp’ results to understand the site parameters and performance.

Detailed Design & Engineering and technology development has been done by
M/s Maclec itself for practical product development during 2018-2019. M/s

Maclec  is  trying  for  indigenization  of  system to  develop complete  product
including turbine blades, gearbox & generator etc. they informed that final

product testing has started in 2020 onwards with fixed type turbine of 2kW.

M/s  Maclec  mentioned  that  the  turbine  design  can  be  scaled  up  &

customization can be done as per site parameters. The modular life of the
turbine claimed is up to 40 years with an O&M plan comprising of regular

O&M every 6 months and scheduled maintenance in every 3 years. As stated,
only electrical parts may require major technical transformation in every 10-

15 years. M/s Maclec informed that one of the patent of the technology has
been already been awarded to them.

M/s Maclec informed that the guaranteed minimum generation per module
would be about 3500 units/kW/Annum based on site parameters. Regarding

ambient  characteristics  of  SHK turbine,  M/s  Maclec  claimed the  operation
velocity range is 0.5m/s-7m/s, operating minimum depth is 0.5m, operating

water  quality  with silt  (upto  30,000 ppm),  floating  debris  (upto  200mm),
sand, boulders (upto 300mm) and there should be no impact on environment,

fish & aquatic life. 

With  regard  to  the  operational  regulations  in  terms  of  grid  connectivity,

Maclec claimed that many of the electrical components they are using are
conforming to the latest electricity grid code of CERC.

Queries & Replies:

1. The committee enquired regarding  product testing during 2020 (lock down

period) , test parameters and results, operating conditions / parameters for
the products tested for conformance to  connectivity standard , IEEE /IEC

standards in particular for:

a. Convertor  performance  electrical  output  in  respect  of

harmonics/voltage /DC current threshold limits.

b.  Generator  output   in  respect  reactive  power  regulation  ,  output

frequency variation
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Ms Maclec replied that it has performed testing on a small scale product of
2KW turbine on a micro irrigation Canal of 1.8 m width and depth 200mm

with velocity variation of 1.5m/s to 3m/s with no water regulator. It observed
that the output from this single turbine was 320V to 590V DC, harmonics

were less than 3% and the manufacturer claimed to conform to connectivity
standards. The manufacturer stated that inter RPM regulator was developed,

to maintain output parameters by reducing the generation and rpm of turbine
in case of sudden increase in velocity of incoming water.

2. The  committee  required  clarification  in  respect  of  true  reflection  of  plant
schedule maintenance frequency during O&M stage and requirement of major

technical transformation on the projected O&M cost (%3 of capex per annum)
in the tariff petition. 

Ms Maclec replied that it has taken into account these factors and plan to
keep 2% of capex per annum in the bank and required amount will be utilised

in six month and balance amount would be utilised for major overhaul. O&M
cost is dependent on site parameters and flow velocity.

3. The  committee  required  clarification  regarding  life  of  various  installed
components , in particular for turbine ;whether it is exactly 40 years or it is

extendable upto 40 years of turbine whereas other components adopted from
wind and solar technology such as inverters, convertors etc  have much less

life. Hence, not only O&M cost, but capital  invested would be required for
such components.  Information in  respect  of  additional  capex amount  and

frequency to infuse capex need to be deliberated to extend the life to 40
years.  The committee informed that  in large hydro,  capital  overhauling is

done on the recommendation of manufacturer in about 5-10 years depending
on operating condition and maintenance of the utility. This expenditure is not

considered in calculation of levelised tariff and it is part of cost plus tariff
regime.  It  also  stated  that  clarity  on  this  aspect  is  essential  during  the

competitive bidding process.

Ms Maclec replied that  since the SHK turbines are being installed in open

environment, so regular and scheduled O&M activity as mentioned would be
required  depending  on  site  parameters  (velocity  fluctuations).  Turbines

installed in 0.5 to 1.5m/s would require schedule O&M in 5 years and in case
of flash floods or high velocity upto 4 to 5m /s it may be in 2 years. Capital

requirement is dependent on site parameters. 

In respect life of other components (inverters, convertors), M/s Maclec replied

that it has taken into account capital cost requirement after the life span of
10 years such components in consultation with manufacturers of respective

equipment  and  their  submitted  performance  parameters  under  2% Capex
cost per annum. Further it also said that the life span is extended upto 40

years  with  recommended  O&M  activity.  It  also  mentioned  that  since
generation/ PLF is higher, it is possible to cover O&M activity.

4. To  the  committee’s  query  regarding  testing  plan  of  100kW  turbine,  M/s
Maclec  replied  that  it  is  dependent  on  the  approval  from  the  concerned

authorities. The committee stated that it can give recommendation only for
the  tested product.  M/s  Maclec  mentioned that  the  product  is  scalable  in

nature and the test performed on 2KW is also demonstrating the capability of
utilising  maximum  potential  of  that  canal  without  disturbing  the  water

discharge  capability  of  canal  and  optimum  wake  recovery  distance  and
efficient  conversion  of  mechanical  energy  utilising  existing  electronics
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technology. He stated that the test was used to demonstrate the scalability of
the technology. 

5. The committee stated that in mini and micro hydro plants installed in canals,
several projects had become unviable as the water available in the canal is as

per irrigation requirement/ scheduling and that the same may happen for
SHK turbines which are to be installed in Canals, so it  would be better if

larger  capacity  turbines  are  commercially  deployed  and  installed  after
demonstration and testing. 

In  response  to  this,  M/s  Maclec  mentioned  that  these  turbines  need  to
installed in canal where water availability is for at least 6 months and cost of

plant is recovered if PLF is at least 45%. M/s Maclec referred to its TFR for
SHK turbine installation in the downstream of Koyna HEP wherein they have

considered  water  availability  for  one  machine  discharge  to  assess  the
potential  & energy  generation.  They back calculated the capex v/s  power

generation  and  opex  v/s  power  generation,  to  finalise  the  tariff.  He  also
stated that single large capacity turbine can be given but array of turbine of

20-50kW capacity is also possible but would require time and investment.

6. Regarding early query of TRL & CRL, M/s Maclec claimed that SHK turbine is

having  a  Technology  Readiness  Level  (TRL)  at  9  and  the  Commercial
Readiness Level (CRL) at 8. As a clarification of TRL, M/s Maclec mentioned

that  in  2020,  Horizon  2020  European  Union  funding  for  Research  &
Innovation,  Climate-KIC  and  Swedish  Energy  Agency  has  assessed  SHK

turbine at TRL-8 (System Complete and Qualified). EIA has been done by
International organizations like Mission Innovation under Net-zero compatible

innovations  initiative  selected  the  SHK  turbine  and  assessed  the  avoided
emissions framework –Level 1 beta assessment in which they identified that

100+ Mt CO2e/year reduction by 2030 if implemented as on 2020.

7. The committee enquired about the followings: 

a) The Hydraulic calculations/studies carried out showing the effect on the
existing  hydropower  installations  in  terms  of  discharging  capacity,  afflux,

head losses, etc. with/without installation of SHK turbines. 

b) Himalayan rivers are having steep gradients carrying boulders,  silt  and

debris problems with high velocity wherein the large installations are swept
away during floods and the central India rivers are mostly having flat gradient

where the non-monsoon flow depth would be less which would be required for
irrigation purpose, and the scope of SHK turbine would be limited in irrigation

canals where there are no hydroelectric installations.

M/s Maclec replied that this matter can be taken up separately and they will

work on that and try to give more details for a detailed theoretical discussion.

As a closing remark, CE (HE&TD) thanked representative of M/s Maclec for sharing

the details of testing output & standards used which were not covered in their earlier
presentation and other committee members for attending the meeting.

Meeting ended with a vote of thanks to all participants.
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ANNEXURE-VII 
 

 

Minutes of 5th Meeting of the Committee held on 16/09/2021 

Special Invitee: M/s Imp Powers Ltd., Mumbai (an Indian Partner of M/s Smart Hydro 
Power, Germany having exclusive rights for India ) 
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No. 10/3/HETD/2021/                                                                        Date:    .09.2021

Subject: Minutes  of  5th Meeting  of  Committee  constituted  to  Study  the  Concept  and

Commercial  Application  of  Hydro Kinetic  Turbine developed by  M/s  Maclec  held

through VC on 16.09.2021– reg.

               Please find enclosed herewith the minutes of 5th meeting of the Committee

constituted  to  study  the  conceptual  and  commercial  application  of  Small/Surface  Hydro

Kinetic Turbine held through VC on 16.09.21 placed at  Annex-I,  wherein M/s Imp Powers

Ltd. gave the presentation on Hydro Kinetic Turbines.

Encl: as above 

  (Reetesh Tiwari)
     Dy. Director

To:

1. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

2. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

3. Prof. Arun Kumar, IIT Roorkee

4. Prof. R. P. Saini, IIT Roorkee

5. Sh. Gangesh Upadhyay, Scientist G, MNRE

6. Sh. Sanjay Kumar Shahi Scientist D, MNRE

7. Sh. Keshav Deshmukh, ED (D&E), NHPC 

8. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

9. SA to Member (Hydro), CEA
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Annex-I

MoM of 5th Meeting of Committee constituted to Study the Concept and Commercial
Application of Hydro Kinetic Turbine developed by M/s Maclec held through VC on

16.09.2021

Special Invitee: M/s Imp Powers Ltd

List of Participants:

1. Sh. B.K. Arya, Member (Hydro), CEA

2. Sh. Ajay Talegaonkar, Chief Engineer (F&CA),  CEA

3. Sh. Sharvan Kumar, Chief Engineer (HPA), CEA

4. Prof. Arun Kumar, IIT Roorkee

5. Prof. R. P. Saini, IIT Roorkee

6. Sh. Gangesh Upadhyay, Scientist G, MNRE

7. Sh. Sanjay Kumar Shahi Scientist D, MNRE

8. Sh. Keshav Deshmukh, ED (D&E), NHPC 

9. Sh. L.P.Joshi, GM (EM-Desing), THDCIL

10. Sh. Rakesh Kumar, Chief Engineer (HE&TD) CEA

11. Sh. Aditya R Dhoot, M/s Imp Powers Ltd

12. Sh. Akshay Gadi, M/s Imp Powers Ltd

The 5th meeting of Committee constituted to study the concept and commercial application of

Hydro  Kinetic  Turbine  was  convened  by  Sh.  Rakesh  Kumar,  CE  (HETD),  CEA  under  the

chairmanship  of  Member  (Hydro),  CEA  on  16.09.2021  at  11:30  am  through  Video

Conferencing, wherein M/s Imp Powers Ltd, an Indian Company, was invited to discuss their

product in the form of Hydro Kinetic Turbine, which was manufactured in collaboration with

M/s  Smart  Hydro  Power  (SHP),  a  German  Company.  The  meeting  started  with  brief

introduction of Sh. Aditya R Dhoot and Sh. Akshay Gadi, representing M/s IMP Powers. 

At the outset, the chair welcomed all the committee members and representatives of IMP

Powers. He gave a short introduction about the committee, their interests in knowing more

about  the  technology,  its  development  status  in  India  and  worldwide.  He  then  invited

representatives from IMP Powers to start the presentation regarding the queries put forth to

them on behalf of the committee.

Sh. Aditya R Dhoot in his opening remarks said that their company IMP Powers is 61 year old.

It  manufactures  Power and distribution transformers.  IMP in 2018 entered into  exclusive

licensing  agreement  with  Smart  Hydro  Power  (SHP),  Germany  for  manufacturing  Smart

Kinetic Turbines for setting Micro Hydro Projects in India.  He informed about the already

commissioned 20 kW (4X5kW) Hydro Kinetic turbine project at Neyveli Lignite Corporation

site. 

Sh Gadi from IMP Powers started the presentation by describing the basics and methodology

of Hydro Kinetic Turbines.  He explained that Hydro Kinetic Turbines are zero head turbines

as it harnesses energy from flowing water and it has negligible T&D losses. Its installation is

portable and easy. He further explained about various models i.e robust structure fit for lower

depths, with diffusers that helps to achieve max output at 2.8 m/sec, Single float model for

deep rivers/canals (single anchoring points) and dual float method for lesser depths (dual

anchoring points). 
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Regarding  specifications  of  free  stream  turbines  (simple  model  placed  on  bed)  it  was

informed the output is 250-5000W @ velocity 1.1-3.1 m/sec , unit is 1.1m cube dimension

wise,  Rotor speed is 90-230 rpm ,weight is 300 kg, rotor blades =3 of 1000mm  Ꝋ. For

floating  model  (with  diffuser),   the  output  is  250-5000W  @  velocity  1.1-2.8  m/sec  ,

dimensions are length-3130mm, width 1600mm , Height -2010mm,  Rotor speed is 90-230

rpm ,weight is 380 kg, rotor blades =3 of 1000mm Ꝋ. 

Hydrokinetic turbine was compared with other renewable resources under land requirements,

generation  variation  and  PLF  categories.   It  was  mentioned  that  Hydrokinetic  Turbines

requires very less space as compared to Solar or Wind Power.  Hydro kinetic turbines are

base load supply modules as compared to Solar which has Peak load supply and there is huge

fluctuations in wind in case of Wind turbines. The Plant Load Factors for Hydrokinetic turbines

is 70-80 % as compared to Solar (20 % max) and Wind (40%-50%). 

Further, Sh. Dhoot described the Site requirements (depth, width and velocity) for installation

of Hydrokinetic turbines (with and without diffusers). He explained that among the above the

most important requirement is velocity requirement i.e 2.8 m/s -3 m/ sec for 1000mm sweep

diameter turbine without  diffuser and 2.5 m/s -2.8 m/ sec for  1000mm sweep diameter

turbine with diffuser. For sweep diameter of 1500 mm turbines the velocity requirements are

2 m/s -2.4 m/ sec without diffuser and 2.3 m/ for turbine with diffuser.

Sh Dhoot explained that at sites where velocity requirements may not be fulfilled there is a

possibility of increasing the velocities by introducing constrictions in the canals. According to

him, TRC of various hydro power projects generally fulfils the velocity requirements.  

Sh. Dhoot explained the areas of application i.e Thermal Power Plants, Check dams/ diversion

gates, Tailraces of all HPPs, Cooling Channels in Industries, Sewage treatment plants, fast

moving irrigation canals. 

Sh. Dhoot gave a brief on their already installed Project of 20 kW (4X5 kW) at Neyveli Lignite

Corporation of India Ltd under R&D activities of NLCIL.  The project has been synchronized

with 0.415 kV, 50 Hz NLCIL grid in the month of Oct 2017. 2.2 lakh units have been fed to

the grid till  Aug 2021 with this project.  Sh. Dhoot explained the challenges he faced in

respect of anchoring these units due to high velocities and the challenge of not hampering the

existing power generation.  

Further, Sh. Dhoot explained the development activities by IMP Powers.  He explained the

concept of Hydrokinetic Turbine energy generation with energy equation and Power Curve.

He  informed  that  studies  for  the  implementation  of  array  models,  wake  recoveries  and

constriction models are being carried out. 

Sh. Dhoot said that they need recognition of this technology under make in India Scheme.

He further stated that to reduce the payback time, support from the Government will  be

required. He then listed out the Projects under execution/finalization with IMP Powers which

included, KSEB (5X5 kW) Kakkad hydro Kinetic Project at tailrace of a 50 MW HEP of KSEB ,

NLC India (3x5 KW) , PEECA (Africa)- 1000 kW irrigation canal and 20 kW floating HK project

in Taiwan. 

At the end of presentation, Sh. Dhoot gave a brief about their conventional SHPs installed at

Kargil area in Leh/Ladakh.

File No.CEA-HY-17-145/1/2018-HETD Division



Queries & Replies:

1. To the committee’s query regarding Maximum Unit Size, Sh. Dhoot replied that right

now maximum 5 kW unit has been installed. 

2. To the committee’s query about estimation of the Potential available in India for this

technology, he replied that he has surveyed about 10-12 sites till now. He stated that

since it is a new technology, support of Government will be required.  

3. To the committee’s query about commercial  aspects about estimation of Minimum

Domestic Content including supply and services, he replied that except generators

(which they import from Germany) all things are domestically manufactured. He said

that more than 50 % is the domestic content. 

4. To the committee’s query about life of the project, Sh. Dhoot replied that since it is a

new technology they have not estimated the life of the Project. He further stated that

he  believe  that  the  life  should  be  around  25-30  years  as  this  is  very  simple

technology. 

5. To  the  committee’s  query  about  pricing  strategy,  Sh.  Dhoot  replied  that  as  per

calculation carried out by them cost for 100 kW project is around 2.20 crores. He

reiterated that  this  cost  can be reduced with  the  support  of  Government.  It  was

confirmed  that  this  cost  includes  every  aspects  (cost  of  turbine,  installation,

accessories etc) with basic anchoring.  

6. To the committee’s query about efficiency of the turbine, Sh. Gadi explained that in

power generation formula overall efficiency (including coefficient Cp) has been taken

as around 40%.  

7. To  the  committee’s  query  about  performance  feedback/certificate  for  the  existing

project at NLC, Sh. Dhoot replied that at present he has no information about it and

he will check for it. 

8. To the committee’s query about the quality of water in NLC Project, Sh. Gadi replied

that initially they have observed corrosion in turbine blades, and to rectify this they

have provided the coatings to the turbine blades. The water was not treated. 

9. To the committee’s query about the wake recovery, Sh. Gadi replied that for low

velocities it is around 20 m and for higher velocities it is around 30 m as per their

calculations.  As this is a new technology they don’t have sufficient data for this. 

10. To the committee’s query about connection to the grid and whether the cost for grid

connection (synchronisation) is included in the project cost and whether any PPA has

been signed by them, M/s IMP powers replied that the implemented project (NLC-

Tamil  Nadu)  is  grid  connected  and  it’s  upcoming  project  (in  Kerela)  would  be

connected to LT grid via 3Ø inverter system and as such capable to supply auxiliary

power.  In reference to PPA, it is replied that they don’t own the projects and they

only supply the machines. Concerned utilities may have used it for auxiliary power/

sold it.  For Projects with KSEB, they have no information and they have to check.

11. To the committee’s query about what is the need of customizing these turbines, it is

replied by M/s IMP Powers that the method of anchoring can be customized and to

fulfil the requirement of velocity, constrictions can be made in the canals/rivers. 
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12. To  the  committee’s  query  about  what  compliances  are  required  to  install  these

turbines,  Sh.  Dhoot  explained  that  till  now  no  such  requirements  have  been

experienced by them. 

13. Committee members stated that the committee may need to look for the certification

(if available) for the quoted 40 % efficiency of the turbines.  To this Sh. Gadi replied

that he will check for the certificate for efficiency and inform the committee.  

14. To the committee’s query about naming the sites having velocities greater than 2.5

m/sec, Sh. Dhoot replied that he has experienced such velocities in the TRC of SHPs

at  Kargil  area,  in  Canals  of  Thermal  Power  Plants,  Sewage  treatment  plants.

Committee member explained that Tail Race of conventional hydropower plants are

not designed for very high velocities and they are generally below 2 m/sec. Also,

Return canals of thermal power plants are generally designed for low velocities (less

than 2 m/sec). These turbines are good where we have continuous flow with less

trash and silt and velocities are high. Committee members suggested that developers

need to modify these turbines to work on low velocities.  

15. Sh. Dhoot requested the committee to provide the space to install the pilot turbine to

obtain  the efficiency of  the turbine.  To this,  Committee replied that  this  type of

studies can be done in CWPRS or Defence laboratories. 

As a closing remark, the chair mentioned that there are certain starting points and take off

from this meeting which we can further work upon in due course of time. 

Meeting ended with a vote of thanks to all participants.
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