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Annexure XVII 
 

 

Performa for Project Completion Report (PCR) 
 
 
 

15 nos. each of the physical (bound) and electronic (CD) copies of the Project 

Completion Report (PCR) should be sent within one month of the completion or termination 

of the project. The cover page should include the title of the project; file number, names and 

addresses of the PI and grantee institution / organization. 

 

1. Title of the project: High Energy Density Thermal Energy Storage for 

Concentrated Solar Plant  
 

i. Principal Investigator(s) : Dr. V.K Sethi Vice Chancellor, Ram Krishna Dharmarth 
Foundation (RKDF) University 
Co-Investigator(s): Dr. Partha S. Dutta, Deputy Director, Rensselaer Polytechnic 
Institute (RPI), NY, USA  

 
ii.  Implementing Institution(s) and other collaborating Institution(s): Ram Krishna 

Dharmarth Foundation (RKDF) University, Bhopal, M.P  
Collaborating Institution: Rensselaer Polytechnic Institute, NY, USA 

 
4. Date of commencement of Project: 6th September, 2015 
 
5. Approved date of completion: 6th March, 2017 
 
6. Actual date of completion: 18th Marach,2017 
 
7.     Objectives of the Project: The goal of this project is to demonstrate a solar thermal 

storage system with 1 kW capacity of volumetric energy density exceeding 300 kWh/m3, 
capable of operating at high temperatures up to 1000OC in comparison, the volumetric 
energy storage density for water is typically around 80 kWh/m3 and 200 kWh/m3 for 
molten salts used in solar thermal plants. 

 
8.        Output of the Project:  

�x Design and construction of a prototype 1kW capacity solar thermal energy storage 
system with volumetric energy density exceeding 300 kWh/m3, capable of 
operating at high temperatures up to 1000OC 

�x The unique aspects of this system are the selection of an alkali halide salt with high 
melting temperature and a corrosion-resistant, low-cost ceramic container material. 
The thermal storage unit is coupled with a high solar concentrator system (1000 �± 
10,000 Xs).In this project, we have proposed to develop and demonstrate an 
affordable, high Energy density thermal storage system that can store heat at 
temperatures around 1000 OC. 

1 
 
 

 



 
 

�x Field data on energy storage capacity and energy losses of the prototype system. 
�x Economic analysis of the solar thermal energy storage system. 
�x Joint IPR from the research. 
�x Research papers on the final system design and field testing data.  

 
(Achieved vis-à-vis. originally planned in respect of: 

 
i) Nature of Output: Material/Process/Product/Equipment/ Pilot scale 

demonstration/Any other (Please Specify) : PILOT SCALE 

DEMONSTRATION 
 

ii)  Performance specifications : Purity of materials, process details, product 

specifications  ( capacity, rating, efficiency, test results) Equipment (performance 

features, capacity, bill of materials), Pilot production (capacity, through put, yield, 

test results):  

Details as per ENCL: 08 
 

iii)  Details of engineering designs/ drawings (plans and sections) and prototype/ pilot/ 

full scale, specifications, etc. 

(Refer PLATE: 1, 2 and 3& Assembly as per Figures 2&3 below)  
 

9. Summary of the Project work, especially with respect to the project objectives and 
proposed Output. 

 
 
The project is being conducted with the following objectives: 

i. Design and construction of a prototype 1kW capacity solar thermal energy storage system 
with volumetric energy density exceeding 300 kWh/m3, capable of operating at high 
temperatures up to 1000OC 

ii.  Field data on energy storage capacity and energy losses of the prototype system. 
iii.  Economic analysis of the solar thermal energy storage system. 
iv. Joint IPR from the research. 
v. Research papers on the final system design and field testing data.  
 
The task (a) has been completed. Tasks (b) and (c) are underway. Tasks (d) and (e) will be 
accomplished after tasks (b) and (c) are accomplished at the completion of this project. Below 
is a summary of the milestones achieved in this project to-date: 
 
9.1 The Solar thermal Unit with Tracker auto operation and associated software has been 

installed. This unit is currently operational in semi-manual mode.  

(ENCL: 01- A view of the Pilot Plant) 
 
9.2 The energy storage core assembly with heat exchanger boiler feed pump, piping etc has 

been erected and commissioned.  
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9.3 The temperature achieved at the tip of solar focal point was about 1400OC. The 
temperature at the core mid-point was found to be of the order of 310 OC which may be 
sufficient to generate steam for heat transfer studies. 

(ENCL: 02- Steam Generation from the Core) 
 

9.4 Engineered composition of energy storage material (salt crystals) was grown at RPI 
which has the melting point, specific heat capacity and density to enable high energy 
storage density excess of 300 kWh/m3 and operating temperature around 1000OC. 

9.5 Approximately 240 lbs (110 kg) of high quality crystals were synthesized and grown at 
RPI. The salt crystals were shipped to RKDF and used in the field unit. 

9.6 The salt crystal has been tested for its resistance to moisture and humidity unlike pure 
NaCl crystals. Materials left in a storage unit throughout the rainy season in Bhopal 
(covered with simple metal container or plastic bags) did not capture moisture. 

 

(ENCL: 03- Heating of the Salt Crystals) 
 
9.7 The economic calculation for the laboratory scale synthesis of the engineered salt crystals 

has been performed. The cost of this storage material is calculated as $1.9/kWh and the 
energy stored per unit mass is 140 Watt hr./ kg 

(140 Wh/kg x2200 kg / m 3 = 308,000 Wh/m 3 = 308 kWh/m 3 say, 300 kWh/m3) 
   

9.8 The temperature necessary to achieve a thermal energy density of 300kWh/m3 has been 
calculated to be 565 oC based on the properties of the salt crystals. Hence heating it 
higher than 565 oC will help in reducing the size (volume) of the storage unit. 

 
(ENCL: 04- Thermal Energy Density Calculation for Salt Crystals) 

9.9 A specific formulation of SiC nanoparticle based high temperature corrosion resistance 
coating has been developed at RPI. A quantity of 3 liters of the SiC-polymeric nano-
composite was delivered to RKDF University and was used for coating the interior 
metallic surfaces of the thermal storage unit. 

9.10 We have achieved a drop in temperature at the middle of core to the tune of 2-2.5 OC 
per hour in 15 hours from 310 OC to 278 OC.  

9.11 Direct steam generation by heating the water directly at the focal point of the lens has 
been demonstrated. 

9.12 To transport heat efficiently from the focal point of the lens to the salt core, the thermal 
properties of the following materials have been compared: copper, cast iron, 
aluminium, cast copper alloy (C90500; gun metal). Based on the analysis, cast iron and 
copper heat transfer rods and cage has been fabricated and tested. 
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9.13 While copper provides better heat conduction compared to cast iron, it is significantly 
more expensive than cast iron. At the same time, it has been observed that there are no 
significant benefits in using copper over cast iron rod due to following reason (next 
point). 

9.14 The energy loss due to radiative heat (emission) from the tip of the metal rod at the 
focal point of the lens has been found to be extremely high due to which the energy 
transfer to the salt core has been impeded. 

9.15 Experiments are underway to reduce the radiative heat losses at the focal point of the 
lens by a variety of methods involving geometric configuration of the metal receiver. 

9.16 To enable better heat transport in the salt, a variety of trials are underway using 
different salt crystal sizes, mixing salt crystals with metal fillers, etc. 

9.17 Alterations in the experimental configuration is being planned to directly heat the salt 
crystals using radiation instead of using a metal receiver.  

9.18 Experiments at RPI are underway for advanced heat transport from the hot surfaces to a 
thermal reservoir without molten salt carrier fluid that is used in solar thermal plants. 
This will avoid high cost of operation and maintenance related to molten fluid 
transport. Any promising approaches will be immediately translated to the field unit at 
RKDF. 

9.19 Efforts at RKDF are underway to generate steam from the heat stored in the salt core. 
This will be possible once effective ways to transport heat from the focal point to the 
salt reservoir has been accomplished and suitable insulation has been provided to store 
the heat. 

9.20 Due diligence has been conducted to benchmark existing global CSP plants and the 
CSP plants under construction in India. The capital cost and electricity selling cost 
(tariffs) has been compared with PV installations. This is necessary for further 
advancing the engineering design of the system being experimented in this project and 
economic feasibility for a large scale adoption in the future. 

9.21 Initial calculation for the solar thermal technology using the current distributed storage 
with Fresnel lens approach (instead of reflecting mirrors) has been conducted. The 
economic analysis is being compared with existing field installations including the CSP 
plants under construction in India.  

9.22 Economic analysis indicates a strong case for integrating the current system with 
existing large steam turbines such as used in coal fired plants (exceeding 50 MWe 
capacity). Standalone units of lower turbine capacity might suffer from higher 
electricity generation cost due to lower efficiency of steam turbines (lower capacity). 

9.23 Direct generation of hot water, other fluids and steam using this stand-alone approach 
can be made economically feasible using this approach. 

(ENCL: 05- Transfer of Technology Efforts by RKDF University at RPI, New York, USA) 

9.24 Conventionally Molten Salt is being used as Thermal Storage Material however in view 
of experience of Co-PI of this project Dr. Dutta of RPI, USA as consultant of DoE, 
USA Solid Pathway has been used. 
 (Details as per ENCL: 06) 
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10. Detailed progress report giving relevant information on work carried out, 

experimental work, detailed analysis of indicating contributions made towards 

increasing the state of knowledge in the subject: 

 
Performa for Submission of Progress Report of The Project 

 

 
10.1 Project Title    :- High Energy Density Thermal Energy  

Storage for Concentrated Solar Plant 
 
10.2 MNRE Sanction order No &date: - 15/12/2014-15/ST& date 21

st
 July,  

2015. 
 
10.3  Name and complete address of PI: - Dr. V.K. Sethi, Vice Chancellor,  

Ram Krishna Dharmarth Foundation (RKDF) 

University, Bhopal 
 

10.4 Name and complete address of  
Co-PI from other participating  
Institution Dr. Partha S. Dutta, Deputy Director, Rensselaer 

Polytechnic Institute, NY, USA (RPI) 
 
10.5 Date of start of the project and  

Scheduled completion date   6
th

 September 2015 - 18
th

 March 2017 

 

10.6 Approved project budget   Rs.36,00,000 (MNRE) + 5,00,000 (RPI) 

 
10.7 Total funds released by MNRE:  

 
Sl. No. Sanction No. Date Amount (Rs.) 
1. 15/12/2014-15/ST 21

st
 July, 2015 20,00,000/- 

2. 15/12/2014-15/ST  15th March 2016 6,00,000/- 

3. 15/12/2014-15/ST 30th August, 2016 9,00,000/- 
Total: 35,00,000/- 

 
10.8 Actual expenditure as on date enclosing SoE and UC:     Rs. 34,98,943.51 

 
10.9 Approved Objectives of the Project  

�x Design and construction of a prototype 1kW capacity solar thermal energy storage system 
with volumetric energy density exceeding 300 kWh/m3, capable of operating at high 
temperatures up to 1000OC 

�x Field data on energy storage capacity and energy losses of the prototype system. 
�x Economic analysis of the solar thermal energy storage system. 
�x Joint IPR from the research. 
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�x Research papers on the final system design and field testing data.  
10.10 THE GOAL OF THE PROJECT 

�x The goal of this project is to demonstrate a solar thermal storage system with 1 kW 
capacity of volumetric energy density, exceeding 300 kWh/m3 and capable of operating 
at high temperatures up to 1000 C. In comparison, the volumetric energy storage density 
for water is typically around 80 kWh/m3 and 200 kWh/m3 for molten salts used in solar 
thermal plants. 

 
�x The unique aspects of this system are the selection of an alkali halide salt with high 

melting temperature and a corrosion-resistant, low-cost ceramic container material. The 
thermal storage unit is coupled with a high solar concentrator system (1000 �± 10,000 
Xs).In this project, we propose to develop and demonstrate an affordable, high energy 
density thermal storage system that can store heat at temperatures around 1000 OC. 

 
 

10.11 Output of the Approved project 

�x The Solar thermal Unit with Tracker auto operation and associated software has been 
installed. The core assembly with heat exchanger boiler feed pump, piping etc. has been 
erected & commissioned along with MS, Copper & Cast Iron core for heat transfer..  

 The temperature achieved at the tip of solar focal point about 1400OC. The temperature at 
the core mid-point was found to be of the order of 310 OC which is sufficient to generate 
steam for heat transfer studies.  

 
10.12 Summary of the Progress reported (September 2015 to March 2017): BACKGROUND 

 

�x Energy storage in form of heat offers a potential pathway for small (local) and large 
(utility power plants) scale applications. Thermal storage systems provide a unique 
opportunity to store energy locally in the form of heat that cannot be transported over 
long distances. Current thermal storage systems are still in its infancy. The most common 
ones are large, water-heating storage tanks and molten salt-based systems at solar power 
plants. These systems have been designed based on the economics of water and salt, the 
heat capacity of water, and the latent heat of salts. Research on a large host of sensible 
heat storage and phase-change materials have been conducted over the past two decades. 
The materials parameters that are relevant for this application are: melting point, boiling 
point, vapor pressure, density, heat capacity, thermal conductivity, latent heat of fusion 
and chemical reactivity. 
 

�x While it is intuitive that increasing the temperature of storage could pack in more energy, 
barriers to the development and deployment of high energy density storage remain, 
including handling materials at high temperatures, associated systems costs, and 
operating costs. Thus sensible thermal storage systems are cost prohibitive. Phase change 
materials (PCM) do provide a viable economical solution for higher energy storage 
density. However, operation temperatures limit current PCM systems; higher 
temperatures cause chemical instability and  
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reactivity with containers. Development of affordable high-density thermal storage 
system will only be possible by utilizing low cost earth abundant thermal storage 
materials in conjunction with suitable thermally insulating container materials. 

 
 

�x Current heat storage systems utilize either sensible heat storage (i.e. water in storage 
tanks) or latent heat storage (i.e. phase-change materials such as molten salts). The 
relatively low operating temperatures of these systems limit their capacity to store 
thermal energy; storage systems with higher temperatures would be more economical. In 
this project, we are developing an affordable high energy density thermal storage system 
that can store heat at temperature around 1000 OC. The unique aspects of this system are 
the selection of an alkali halide salt with high melting temperature and a corrosion 
resistant cheap ceramic container material. The thermal storage unit will be coupled with 
a high solar concentrator system (1000 �± 10,000 x). 
 
PROGRESS SUMMARY 

 

�x As a part of an on-going project funded by MNRE, the RPI group has developed flux 
grown crystals of high melting temperature (700 �± 1500 OC)  mixed alkali halide 
compounds doped with metallic impurities to enhance thermal conductivity. The trade-
off between material density, specific heat capacity, thermal conductivity and cost of raw 
�P�D�W�H�U�L�D�O�� �K�D�V�� �E�H�H�Q�� �H�Y�D�O�X�D�W�H�G�� �W�R�� �G�H�Y�H�O�R�S�� �D�� �P�D�W�H�U�L�D�O�� �V�\�V�W�H�P�� �W�K�D�W�� �F�R�X�O�G�� �P�H�H�W�� �W�K�H�� �V�\�V�W�H�P�¶�V��
specification at cost of energy storage lower than current electrochemical systems 
(batteries). In addition, a SiC based composite polymeric coating solution has been 
developed to avoid corrosion of steel containers used for the thermal storage unit. These 
materials have been shipped to RKDF and incorporated into the field unit (test-bed).  

 
 

�x Since the inception of this project in September 2015, the engineering design phase was 
completed by November 2015. Dr. Dutta visited RKDF University and the sponsor 
(MNRE, New Delhi) in December 2015 to jump start the fabrication and installation of 
the field unit. Significant progress has been made since then. The field unit (test-bed) was 
fully installed by May 14th, 2016. Currently, solar heating and overnight cooling cycles 
are being collected on an hourly basis. A series of temperature profiling experiments 
inside the thermal storage unit for benchmarking with other earth abundant materials such 
as iron filings, sand, used vegetable oil, fly ash from coal power splants; rocks, etc. have 
been performed till August 2016.  
 

�x The test-bed at RKDF comprises of a thermal storage unit, Fresnel lens based solar 
tracking unit to focus sunlight into the thermal storage media and a steam generation unit 
(for future electricity generation using a steam turbine). Figure 2 shows the field site of 
the thermal storage power generation system at RKDF University in Bhopal. Figures 3-4 
shows show the installation and initial evaluation activities of the solar thermal storage 
unit at RKDF University. 
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�x The Co-PI Dr. Partha. S. Dutta from RPI, USA,  has experimentally measured the 
Crystals were grown in his lab at RPI to have high energy density in excess of 300 
kWh/m3 with operating temperature around 1000OC.  Approximately 240 lbs of high 
quality crystals were synthesized and grown. These crystals were shipped to RKDF and 
used in this proto type unit. Further experiments at RPI, USA are on for enhancing 
energy density of crystals. 

 
�x During 3 days of trial run from 11 May to 14th May 2016, we have achieved a drop in 

temperature at the middle of core to the tune of 2 to 2.5 OC per hour in 15 hours from 310 

OC to 278 OC. The trial operations will continue for about 6 month to get study steam 
flow at highest possible temperature and pressure to run the steam turbine for Power 
generation to the tune of 300 W electric (1000W thermal).  

 
�x The temperature achieved at the tip of solar focal point about 1400OC. The temperature at 

the core mid-point was found to be of the order of 310 OC which may be sufficient to 
generate steam for heat transfer studies. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1. Flux grown crystals of mixed alkali halide compounds doped with metallic 

impurities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 2. Installation of the solar thermal storage and solar tracker unit at RKDF 

university 
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Figure:3. Demonstration of the solar thermal storage unit  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:4 . Temperature measured at the collection point of the solar thermal storage 

unit  
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10.13 Other achievements and Publications etc.: 

 Ph. D students working  

Technical Personnel trained:  
07 Nos. Students of the University 

working on the project Research Publications arising 
 on the subject/ topic     out of the present project: 04 Nos. 
 covered under the         
 project : 02 Nos.           
           
 List of Publications from the Project Work (including title, author(s), journals & year(s) 

 i) Papers published in International Journals: by CO-PI (02)   
 ii)  Papers published in Conference Proceedings: by PI (01)   
 iii)  Papers published in National/ other Journals etc.: by PI(01)   
 iv) Patents filed/ to be filed ( if any): In progress      
 v) Confidential Data (if any):NA      
           

10.14          Status of Equipment Procurement:       
 

Sl. 

No. 

 

Sanctioned 

items of 

equipment Procurement status   

Working  

(Yes/ No) 

Remarks (Give 

reasons for negative 

response) 

 
 
 
 
 
 1 

Solar Tracker 

Unit + Lens 
Received, Erected, Commissioned 
and tested.  Yes. 

-- 
 

 2 

Heat Transfer 

Unit 
Received, Erected, Commissioned 
and tested Yes --- 

 

3 

Salt Crystals for 

Core Assembly 

from RPI USA 

Received, Erected, Commissioned 
and tested 

Working, 
performance 
testing will be 
done using revised 
core in high solar 
flux period of 
April / May 2017 

The procurement of 
revised core is being 
done for improved 

steam generation using 
Cast Iron Crucible 

design 
 
10.15         Status of Manpower:     
 

S No Sanctioned List 

In position Scale  Remarks 
 (Yes/ No)    (Give reasons for 
     negative response) 

 1. 

Research Scholars- 

7 Nos.  
Yes 2000 PM each 

 -  

 2. Accountant  
Yes 2000 PM 

  -  
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11. S&T benefits accrued: 
i) Patents taken, if any: No 

 
ii)  List of Research publications (a copy of the papers should be attached): 

 

Sl. Authors Title of Name of the Volume Pages Year 
No  paper* Journal    

1. Dr. V.K. 
Sethi 

An Innovative Approach for 

Carbon Capture & Sequestration 

on a Thermal Power Plant 

through Conversion to Multi-

Purpose Fuels �± A Feasibility 

Study in Indian Context 

 

ScienceDirect - 9 2017 

2.  Dr. Partha 
S Dutta 

Books related to TE & TPV 
devices for Power 

generation through Thermal 
Energy as under*  

- - - 2016 

       
iii)  List of Technical Documents prepared (a copy of the documents should be 

attached):  
 Proceeding & Recommendations of Seminars conducted & details of 
�&�R�X�U�V�H�Z�R�U�N�� �R�Q�� �³�2�S�W�R�H�O�H�F�W�U�R�Q�L�F�V�� �	�� �6�R�O�L�G�� �6�W�D�W�H�� �3�K�\�V�L�F�V�´�� �D�W�W�D�F�K�H�G�� �D�W���(�1�&�/����
07 

          *P.S. Dutta, Optoelectronics and Photonics Engineering, Textbook for senior level 
undergraduate and entry level graduate students, Publisher: Springer, New York (2016) 

 
        *P.S. Dutta, Applied Solid State Physics, Textbook for senior level undergraduate and entry level 

graduate students, Publisher: Springer, New York (2016) 
 

iv) Manpower trained under the project: 
 

a) Research Scientists/ Research Associates: 07 Nos. As per details at Para 16 

Below 
 

b) No. of Ph.D. (s) produced: 02 
c) Other Technical Personnel trained: NO 

v) Awareness, training camps, etc. organized:  
  (1) National Seminar on R&D Efforts in Energy Sector towards  

   Mitigation of Climate Change 

   November 3, 2015 
(2)  International Seminar on 

�³�1�H�Z���'�L�P�H�Q�V�L�R�Q�V���R�I���6�R�O�D�U���7�K�H�U�P�D�O���7�H�F�K�Q�R�O�R�J�\�´ 

     December 2, 2015 
(3) Short Term Courses in Collaboration with RPI, USA on Solid State Physics & 

Opto-Electronics by Dr. Partha S Dutta 
 24th-27th Oct, 2016 
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(4)  International Seminar on 

�³Solar Thermal for Coal Substitution for Mitigation of Climate Change� -́ 

Sponsored by EPCO, Bhopal under the aegis of MNRE Project 

     28th-29th Oct, 2016 
 

(Some Glimpses of the Seminar and Short term course are given in ENCL: 07)  
 
12. Details of work which could not be completed ( if any): 

In order to improve the steam generation performance suitable for production of 

power the core is being revised as 100 kg Cast-Iron crucible design core and 

further performance testing will be done in the high solar flux period of April 

and May, 2017. 

Further a TE device will also be incorporated to generate electricity using 

residual heat from the core. 
 

13. Suggestions on further work on the subject of research: 
Based on this research, the following is a list of identified components that will be 
necessary to be developed within India at ultra-low cost by technology licensing and 
manufacturing technology transfer approaches by commercial entities (from abroad) 
to translate the existing technology for large scale adoption:  
 

�x Large area high optical quality Fresnel lens manufacturing with low cost 
�x High thermal storage density material manufacturing 
�x Corrosion resistance nano-coating process 
�x Ultra-low cost solar trackers 
�x Energy efficient, low maintenance cost thermal transport systems.  
�x Selection of economic Power Gen Options �± Steam Turbine / Thermo-Photo-

Voltaic (TPV)  
 
 

In view of the above the Long Term Perspective of this Project would be as 

under:- 
 

�x The long term goal of this project is develop the necessary technology know-how to 
enable the manufacturing process in India for large scale MW systems. While the entire 
system integration and construction has to be done in India at the location where it will 
operate in the field, there are key components that must be imported in the near term. In 
the future, these components can also be developed and manufactured by a commercial 
entity by technology licensing or marketing from abroad. An Underground Solar 
Thermal Unit would be more appropriate from heat loss reduction point of view 

�x Based on preliminary economic analysis, auxiliary heating system for steam in coal 
thermal power plants or for applications in direct heat utilization in industry, Steam 
Substitution, CCS processes, etc. seems more feasible than stand-alone CSP system 
�X�V�L�Q�J���W�K�H���G�L�V�W�U�L�E�X�W�H�G���V�W�R�U�D�J�H���W�\�S�H���V�\�V�W�H�P�����W�K�D�W�¶�V���E�H�L�Q�J���G�H�Y�H�O�R�S�H�G���D�Q�G���G�H�P�R�Q�V�W�U�Dted in 
this project). This is primarily due to lower efficiency of steam turbines for lower 
capacity. 

�x A typical scheme of Steam Generation through Solar Thermal Storage Application in 
Carbon Capture and Sequestration (CCS) is shown below: 
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   14. Project Expenditure: Audited UC and SoE enclosed 

 

No Financial Position/ Amount Actual Deviation if % of Total 
 Budget Head Sanctioned Expenditure any cost 

1. Equipment 10,00,000 11,93,490.85 (+)1,93,490.85* (+)19%* 
2. Consumables 2,00,000 1,79,700 (-)20,300 (-)10.15% 
3. Manpower 2,40,000 85,800 (-)1,54,200**  (-) 64.25%**  
4. Travel 60,000 83,498 (+)23,498 (+)39.16% 
5. Contingencies 1,00,000 1,01,327.54 (+)1,327.54 (+)1.33% 

6. 
Others, (Consultancy 
to RPI,USA) 20,00,000 18,55,127.12 (-)1,44,872.88# (-)7.24# 

7. Overhead Expenses Absorbed By RKDF University 

 Total 36,00,000 34,98,943.51 - - 
 
* Includes the cost of Consumable Core of MS and Copper 
**Only Under-Graduate Students were involved in the project at a nominal honorarium of Rs. 2000 

per month 
#Part Consultancy to RPI,USA was paid through Seminar fund. 
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15. Equipment Status: 
 

Sl. Name of Year of Make/ Cost Date of Utilization Remarks 
No Equipment Purchase Model (FE/ Installation Rate regarding 

    Rs)  (%) Maintenance/ 
       Breakdown 

1. Solar Tracker 

Unit   
7,04,175.00 

23rd 

Jan,2016 
100% 

Control System 
Components 
Replaced 

2. 

Heat Transfer 

Unit (Boiler Feed 

Pump & Piping 

& Core of MS 

and Copper) 

 

D4#23P 
SR NO: CE-5606 
Dosing Metering 

Pump 

1,19,914.85 
26th 

Mar,2016 
75% 

Piping work was 
revised for better 
steam generation 
and the Core is 
under revision to 
Cast-Iron crucible 
design for 
improving steam 
parameters. 

3. Core Material 

from RPI USA   
3,38,401.00 

7th May,2016 
75% Size of Crystal 

revised  

4. Fresnel Lens 2015 

HS 71171900000 
Focal length 

1300mm 
1100mm Dia.  

31,000.00 
23rd 

Jan,2016 
100% - 
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PLATE: 01 
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PLATE: 02 



 
 

CORE ASSEMBLY 
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Salt Crystals 

Quartz Glass for Lid 

Heat Exchanger 

Focus Area 
Solid Cast Iron Core 

PLATE: 03 



 
 

Cast-Iron Core Crucible Design 
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ENCLOSURES 01-05 

 

ENCL: 01- A VIEW OF THE PILOT PLANT 
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ENCL: 02- STEAM GENERATION FROM THE CORE 
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ENCL: 03- HEATING OF THE SALT CRYSTALS 
 

 
 

Salt Heating and Cooling Cycle  
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After 6 hours 

3.5 hours to reach 708 C with the tip of 

copper receiver at 1100 C at RPI, USA 
Insulation placed on the copper rod after 

heating 



 
 

ENCL:04 

Thermal Energy Density Calculation for Salt Crystals 

Thermal energy stored in a solid mass (sensible heat) by raising its temperature can be 
calculated as follows: 

The heat or energy storage is given by: 

Q � ���9���!���Fp dt 

 where, 

Q = sensible heat stored in the material (J) 
V = volume of substance (m3) 
�!��� ���G�H�Q�V�L�W�\���R�I���V�X�E�V�W�D�Q�F�H�����N�J���P3) 
cp = specific heat of the substance (J/kg  oC) 
dt = temperature change (oC) 

 

Temperature necessary to stored 300 KWh in 1 m
3
 of Salt Crystals  

(Thermal Energy Density: 300 KWh/m
3
) 

 

�G�W��� ���4�������9���!���Fp ) 

Q (in KWh) = Q (in KJ) /3600 (second/hour) 

Q (in KJ) = 3600 x 300 = 1.08 x 106 KJ 

Q = 1.08 x 109 J 

V = 1 m3 

�!��� �������������N�J���P3 

cp = 870 J/kg  oC 

Using the above values, we get: 

dt =  565 oC 

Hence we need the core temperature to rise up to 565 oC to capture and store 300 KWh/m3 of 
thermal energy density. 
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ENCL: 05 

 

"A write up on technology transfer details of Solar Thermal Project- June 2016�  ́

 
1. Project Title    :- High Energy Density Thermal Energy  

Storage for Concentrated Solar Plant 
 
2. MNRE Sanction order No &date: - 15/12/2014-15/ST& date 21

st
 July,  

2015. 
 
3. Name and complete address of PI :- Dr. V.K. Sethi, Vice Chancellor,  

Ram Krishna Dharmarth Foundation 

(RKDF) University, Bhopal 
 
4. Name and complete address of  

Co-PI from other participating  
Institution Dr. Partha S. Dutta, Deputy Director, 

Rensselaer Polytechnic Institute, NY, USA 

(RPI) 
 
5. Date of start of the project and  

Scheduled completion date   6th  September 2015 & 18
th

 March, 2017 
 
6.     Approved project budget   Rs.36, 00,000 (MNRE), Rs. 5, 00,000 (RPI) 

 
7 TECHNOLOGY TRANSFER REPORT (14 to 22 June 2016) 

Undersigned visited Rensselaer Polytechnic Institute �±RPI, Troy, New York from 14th to 22nd 
June 2016 during my personal visit to Seattle, USA. The RPI is about 200 year old Center of 
learning in US in Engineering and Technology which was established in 1824. The New York 
State Center for future Energy systems and Smart Lighting Engineering Research Center were 
the focus areas of my study of Technology Transfer in Solar Thermal and Thermo Electrics 
jointly with Co-PI of the Project Dr. Partha S Dutta. There are three categories of research and 
development activities that were undertaken by the RPI team for this project and technology 
transfer deliverables made. A brief summary of each topic is included below. 

7.1 Low cost high efficiency thermal storage material development 

A host of metals, insulators and semiconductor materials were tested for its sensible heat 
storage capabilities. These include: aluminum, copper, stainless steel, iron, brass, silicon, 
silica, alumina, zinc oxide, iron oxide, silicon carbide, sand and gravel, mineral oil 
(Dowtherm Oil), salts (LiCl, KCl, NaCl and their mixtures). The goal was to select high 
melting point (close to 1000 oC) and with high heat capacity and low density. At the same 
time, the cost of the material required to fill the entire volume of the storage container played 
a deciding role in the final selection of the material. Composites of the metal-insulator-
semiconductor were also evaluated. Eventually, a new composites developed at RPI was 
found to meet the criteria for the project. The 300 KWh/m3 of thermal energy density storage 
with the lowest cost and material operability of 1000 oC were met by a novel composition of 
NaCl-Fe2O3 composite. Crystals of 240 pounds (lbs) were synthesized and shipped to RKDF 
for this project. The photos of these crystals are presented in the appendix of this report.  
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This composite provide the necessary 300 KWh/m3 of thermal energy density storage when 
heated to 565 oC based on analysis performed with the specific heat capacity and density as 
shown below. This material has been successfully heated in air up to 1400 oC for short period 
without any melting observed. Also the material is resistant to moisture and humidity unlike 
pure NaCl crystals (table salt). At laboratory scale synthesis process, the cost of this storage 
material is calculated as $1.9/kWh. The energy stored per unit mass is 140 watts/kg. 
Thermal energy stored in a solid mass (sensible heat) by raising its temperature was calculated 
as follows: 

The heat or energy storage is given by: 

�4��� ���9���!���Fp dt 

Q = sensible heat stored in the material (J) 
V = volume of substance (m3) 
�!��� ���G�H�Q�V�L�W�\���R�I���V�X�E�V�W�D�Q�F�H�����N�J���P3) 
cp = specific heat of the substance (J/kg  oC) 
dt = temperature change (oC) 

 

Temperature necessary to stored 300 KWh in 1 m
3
 of Salt Crystals  

(Thermal Energy Density: 300 KWh/m
3
) 

�G�W��� ���4�������9���!���Fp ) 

Q (in KWh) = Q (in KJ) /3600 (second/hour) 

Q (in KJ) = 3600 x 300 = 1.08 x 106 KJ 

Q = 1.08 x 109 J 

V = 1 m3 

�!��� �������������N�J���P3 

cp = 870 J/kg  oC 

Using the above values, we get: 

dt =  565 oC 

Hence we need the core temperature to rise up to 565 oC to capture and store 300 kWh/m3 of 
thermal energy density. 

For comparison, the properties of some common materials are shown below for the design of 
Core heat transfer device. 
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Cast copper alloy C90500 (Gun Metal) 

Chemical composition: Sn=10.0%, Zn=2.0%, Cu=88% 
Density: 8720 kg/m³ 
Specific heat capacity: 377 J/(kg*K) 
Thermal conductivity: 74.8 W/(m*K) 
Melting temperature: 999 ºC 
Softening temperature: 854 ºC 
 
 

Copper: 

Density: 8960 kg/m³ 
Specific heat capacity: 383 J/(kg*K) 
Thermal conductivity: 385 W/(m*K) 
Melting point: 1084 ºC 
 
Cast Iron: 

Density: 7900 kg/m³ 
Specific heat capacity: 837 J/(kg*K) 
Thermal conductivity: 50-80 W/(m*K) 
Melting point: 1200 ºC 
 
Aluminum: 

Density: 2700 kg/m³ 
Specific heat capacity: 900 J/(kg*K) 
Thermal conductivity: 204 W/(m*K) 
Melting point: 659 ºC 
 
New design of Core was prepared at RPI during stay of Undersigned using copper; the same 
will be manufactured at Bhopal in July 2016. 
 

7.2 High temperature corrosion resistance coating 

 

Corrosion of metal walls and embedded water/steam pipes used in thermal storage tanks using 
salt at high temperature is a major issue. To avoid long term degradation, protective coating is 
necessary. Coating materials such as CVD deposited SiC or metal oxides such as alumina, 
zirconia, etc. are very expensive and only used for niche applications. One the other hand 
polymeric coatings such as polyurethane mixed with nanoparticles or similar nanocomposites 
can only sustain low operating temperatures (below 400 oC). Based on research at RPI over 
the last 2 decades on high temperature corrosion resistance coating, a specific formulation was 
developed for this project. Synthesis of SiC nanocomposite paint (black in color) was 
conducted using carbon containing precursor such as Apiezon W wax dissolved in xylene and 
silicon containing precursor such a tetraethylsilane or tetraethyl orthosilicate. These 
precursors were mixed using hydrogen carrier gas and injected into a furnace in the 
temperature range of 850-1100 oC. The SiC particles formed were found to be embedded in a 
carbon-rich and silicon-rich phases exhibiting polymeric properties. The reacted mixture of 
the SiC nanoparticles with the multi-phase material was dispersed in petroleum oil  
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(kerosene or gasoline) prior to application on any metal surface. After drying these coatings 
were found to be resistant to any corrosive environment. A quantity of 2-3 liters of the SiC-
polymeric nano-composite was delivered to RKDF University and was used for coating the 
interior metallic surfaces of the thermal storage unit. Photos of the precursors and final nano-
composite are shown in the appendix. 

 
7.3 Conceptual System design 

The conceptual system designs of the entire thermal storage configuration including sketches 
with dimensions were finalized during the period of stay (now being transmitted to associated 
industry partners). The designs of the salt core, heat transfer pathways and solar tracker 
designs were revised as discussed in previous Para. The goal of these designs exercise was to 
enable low cost manufacturing of the entire unit in India using locally available raw material 
and labor resources. 
 

8 Details of "Indigenous design of CSP and thermal storage based on imported 

components �D�Q�G���G�H�V�L�J�Q�V�´ 

Discussions were held with Co-PI Dr. Partha on the long term goal of this project is develop 
the necessary technology know-how to enable the manufacturing process in India for large 
scale MW systems. While the entire system integration and construction has to be done in 
India at the location where it will operate in the field, there are key components that must be 
imported in the near term. In the future, these components can also be developed and 
manufactured by a commercial entity by technology licensing or marketing from abroad. The 

following is the list of components that will be imported for future Mega Watt Scale 

Project: 

i. Fresnel lens: 

High optical quality large area Fresnel lens in not manufactured in India. The necessary lens is 
available in large quantities from China or USA. The cost of this lens is within the range 
necessary for the economic feasibility of the entire system.  

ii. Thermal storage material: 

 
High quality salt crystals are key to the performance of the energy storage system. These 
materials are not available commercially in India. The RPI team has conducted toll production 
analysis with a suitable commercial vendor in USA. Materials necessary in large quantities 
can be supplied for large power plants in India. The manufacturing of these advanced 
materials would require significant infrastructure investment in India. This will be evaluated 
in the future. The cost of storage materials manufactured in USA is within the range necessary 
for the economic feasibility of the entire system.  
 
iii. Corrosion resistant nano-coating: 

The corrosion resistant coating is a unique formulation developed by RPI. The synthesis of the 
polymeric nano composite requires special chemical and high temperature processes that are 
not available in India. Due to low volume requirement, the RPI team will synthesize this 
material in the laboratory at RPI. In the future, when large volume is necessary, it can be toll  
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manufactured by a US chemical manufacturer and supplied directly for projects in India.   
iv. Solar tracker design: 

While there are numerous commercially available solar trackers available in India, there are 
two issues: 1. These trackers are not suitable for integrating with the thermal storage core unit 
at the ground level or underground. 2. The costs of various tracker configurations are 
significantly high to adopt for this application. The RPI team in conjunction with a 
commercial vendor in USA has developed low cost solar tracker that can be easily integrated 
and automated with thermal storage unit. The design of suitable trackers along with the list of 
components will be provided to a local Indian manufacturer/workshop where it could be built.  
 

v. Heat transfer element and core insulation designs:  

Heat transport from the focal point of the lens to the salt core is a crucial part of the system 
and dictates the system storage efficiency. The RPI team based on experiments and thermal 
simulation will provide the necessary designs for this project. Some of the components like 
insulation material, coils and rods for heat transport, etc. will be selected by the RPI team 
based on thermal modeling. These components will be acquired from US commercial vendors 
and shipped to India. 
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Some Glimpses of the Technology Transfer Process and Labs is as under 
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PI Dr. V.K. Sethi at Rensselaer Polytechnic Institute (RPI), 

USA, 14 to 22 June 2016 
Co-PI Dr. Partha S. Dutta at Technology 

Incubation Center  

Co-PI Dr. Partha S. Dutta at Technology 

Incubation Center  

Thermal Test Rig at Technology Incubation 

Center  
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Corrosion Resistant Nano Technology Lab at LESA Technology Incubation Center  

Thermo Photo voltaic Lab at LESA Technology Incubation Center  



 
 

 
 
 
 
 
 

  

(Dr. V.K. Sethi) 

 PI 
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Underground Solar Thermal plant of Megawatt size 



 
 

ENCL: 06 

SOLID PATHWAY 

Conventionally Molten Salt is being used as Thermal Storage Material however in view of 
experience of Co-PI of this project Dr. Dutta of RPI, USA as consultant of DOE, USA the 
Solid Pathway has been used in this project. 

The U.S. Department of Energy (DOE) launched the SunShot Initiative in 2011 with the goal 
of making solar electricity cost-competitive with conventionally generated electricity by 2020. 
The CSP SunShot Program set aggressive targets to achieve lower component costs and 
�K�L�J�K�H�U���V�\�V�W�H�P���H�I�I�L�F�L�H�Q�F�L�H�V�����2�Y�H�U���W�K�H���F�R�X�U�V�H���R�I�������\�H�D�U�V�����W�K�H���S�U�R�J�U�D�P�¶�V���S�R�U�W�I�R�O�L�R���R�I���U�H�V�H�D�U�F�K���K�D�V��
developed sub-system technologies potentially capable of efficient operation at higher 
temperatures, and hold promise to be reliable and cost effective. 

Within the CSP SunShot research portfolio, the three technology pathways which hold 
promise for achieving these temperatures can be categorized by the phases of matter of the 
materials used: liquid, solid, and gaseous.   

�x �$�� �O�L�T�X�L�G�� �S�D�W�K�Z�D�\�� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �W�R�� �O�R�R�N�� �P�X�F�K�� �O�L�N�H�� �W�R�G�D�\�¶�V�� �P�R�O�W�H�Q�� �V�D�O�W�� �W�Z�R�� �W�D�Q�N�� �W�R�Z�H�U��
configuration, but using a suitable high temperature and cost effective HTF / TES.   

�x Solid pathways involve solid inert media which absorbs solar radiation and stores that 
energy as heat.  When electric power is needed, the turbine working fluid is heated by the 
solid media.   

�x Gaseous pathways use an inert gas flowing through a receiver to absorb the solar energy and 
then transfer the thermal energy to a storage system and / or the turbine working fluid.  The 
distinctive characteristic of inert gas systems is that the thermal energy is stored in a media 
that is not the fluid flowing in the receiver. 

Solid Particle Pathway: 

SunShot-funded R&D has identified sand-like particles for high temperature HTF and TES as 
a possible solid pathway for Gen 3 CSP at temperatures above 700 °C. A key benefit of this 
pathway is the ability to transport heat via low-cost particles which are chemically inert. 
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National Seminar on R&D Efforts in Energy Sector towards  
Mitigation of Climate Change 

November 3, 2015  

International Seminar on 

�³�1�H�Z���'�L�P�H�Q�V�L�R�Q�V���R�I���6�R�O�D�U���7�K�H�U�P�D�O���7�H�F�K�Q�R�O�R�J�\�´ 

December 2, 2015 

Short Term Courses on Solid State Physics & Opto-

Electronics 

�6�H�P�L�Q�D�U���R�Q���³�6�R�O�D�U���7�K�H�U�P�D�O���I�R�U���&�R�D�O���6�X�E�V�W�L�W�X�W�L�R�Q���I�R�U��
�0�L�W�L�J�D�W�L�R�Q���R�I���&�O�L�P�D�W�H���&�K�D�Q�J�H�´ 

ENCL: 07 



 
 

 
Round Table on R&D Efforts in Energy Sector towards Mitigation of  

Climate Change 

Nov. 3, 2015 

In association with EPCO & CDM Agency, Bhopal 
 

Proceedings & Recommendations 

 
�5�R�X�Q�G�� �7�D�E�O�H�� �0�H�H�W�L�Q�J�� �R�Q�� �³R&D Efforts in Energy Sector towards Mitigation of Climate 

Change�´�� �Z�D�V�� �K�H�O�G�� �D�W�� �5�.�'�)�� �8�Q�L�Y�H�U�V�L�W�\���� �$�L�U�S�R�U�W�� �5�R�D�G�� �%�K�R�S�D�O�� �R�Q�� �1�R�Y���� ������ ������������ �7�K�H��
knowledge partners were EPCO & CDM Agency, Bhopal, Urja Vikas Nigam, Institution of 
Engineers & AISECT University, who participated in Panel discussions and Invited Talks. Dr 
Awasthi, Er. Vajpai presented curtain raiser talks. 
The Chief Guest in the Inaugural Session was Er. P.P. Agarwal, IAS, Council Member of 
Institution of Engineer Calcutta HQ and the key Note address was given by Dr V K Sethi, VC, 
RKDF University,  
In the Round Table meeting, Engineers from Urja Vikas Nigam and EPCO, MANIT & 
Institution of Engineers (India) participated.  
 
The event was coordinated by Er. Aditya Gupta 
 
Round Table Session- Recommendations 

�x Energy Security- Act�L�R�Q�� �3�O�D�Q�� �Z�D�V�� �G�U�D�Z�Q�� �I�R�U�� �³�6�H�O�I- dependent villages with Energy 
�6�H�F�X�U�L�W�\���	���1�H�W���P�H�W�H�U�L�Q�J���L�Q���8�U�E�D�Q���D�U�H�D�V�´ 

�x Skill Development- Involvement of Private Universities in Skill development programs 
like SURYAMITA of MNRE, New Delhi. 

�x Clean India Mission- Dealing with Solid waste & Plastic waste  
�x Green Transportation- Electric vehicles: Electric cars for public transport & Bio-fuels for 

Mass transportation 
�x Mandatory Initiatives for Energy Conservation & Energy efficiency.  
�x Augmenting Hydro & Solar Thermal 
�x New Technology Concepts- Thermo photo voltaic (TPV) & Concentrated photo voltaic 

(CPV), Coal substitution by Solar Thermal, Vertical axis wind turbines to penetrate low 
wind region, Energy storage device to replace lead acid batteries, Organic solar cells, etc.  

�x Smart cities plan to integrate ideas of smart green building with appropriate RE 
technologies.  
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Solar Thermal for Coal substitution towards Mitigation of 

Climate Change 
(Sponsored by EPCO, Bhopal)  

 

Oct 28-29, 2016 
28

th
 October 2016 

Registration: 11:00 �± 1130 hrs. 

Inauguration of Solar Thermal Storage Unit: 11:30 hrs. 

Main Session: 11:30 to 13:30 hrs 
Venue: Seminar Hall, RKDF University, Airport bypass Road, Gandhi Nagar, Bhopal 
Welcome of Guests  Floral Welcome , Lighting of Lamp 
�:�H�O�F�R�P�H���$�G�G�U�H�V�V���³�7heme Paper : Solar Thermal 
for Coal Substitution Towards Mitigation of 
�&�O�L�P�D�W�H���&�K�D�Q�J�H�´ 

Dr. V.K. Sethi, VC, RKDF University 

�(�[�S�H�U�W���/�H�F�W�X�U�H���R�Q���³�6�R�O�D�U���7�K�H�U�P�D�O���*�H�Q�H�U�D�W�L�R�Q���	��
Storage- �D�Q���8�Q�L�T�X�H���2�S�S�R�U�W�X�Q�L�W�\�´ 

Prof. Partha S Dutta, Rensselaer Poly. Institute (RPI), 
New York USA 

�(�[�S�H�U�W���/�H�F�W�X�U�H���R�Q���³�&�O�L�P�D�W�H���&�K�D�Q�J�H���$�J�H�Q�G�D���3�R�V�W��
COP21  and CO2 Sequestration'  �  ́

Dr. Malti Goel (Emeritus Scientist, JNU, DST & 
INSA)  

Green Building Concept: A way out for Energy 
Conservation and Sustainable Development 

Sri Anoop Srivastava, CE, EPCO  

Climate Change �± Issues before COP 22 to be 
held in Nov 2016 

Sri Lokendra Thakkar, General Manager, CDM, 
EPCO 

Address by Chairman / Chancellor/MD   �+�R�Q�¶�E�O�H���&�K�D�L�U�P�D�Q�������&�K�D�Q�F�H�O�O�R�U���5�.�'�)���0�'�����5�.�'�) 
Address by Chief Guest Dr. Ashish Dongre, Director Tech. Education, GoMP 
Vote of Thanks Shri. Aditya Gupta, Director (T&P), RKDF 
 

Lunch :                                                         13:30 to 14:15 
 

 

Venue: Seminar Hall, RKDF University, Airport bypass Road, Gandhi Nagar, Bhopal 
Technical Session: 15:00 �± 17:00 hrs. 

Net Metering & Solar Policy in MP Er. Surendra Vajpaye & Er. Sanjay Verma, MPUVNL  

Energy- Environment Synergy for Sustainability Dr. V.K. Sethi, VC, RKDF University 

�6�W�X�G�H�Q�W�¶�V���3�U�H�V�H�Q�W�D�W�L�R�Q�V���R�Q���6�R�O�D�U���7�K�H�U�P�D�O���	��
Innovative approaches 

RKDF Students 
 
 
 

Tea:                                     1700 hrs. 
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29
th

 October 2016 

Round Table Session  10:30 to 13:00 

Venue: Board Room 
Chair Prof. Partha S Dutta, Rensselaer Poly. Institute (RPI), 

New York USA 
Co-Chair Ms. Supaporn Chaungchid, Executive Secretary, 

AUAP 
Discussion by Panellists: 
 

Participating Organizations: EPCO, BHEL 
 RGPV (EEM) , MPUVNL, MANIT, Institution of 
Engineers (IEI) &  Faculty of RKDF Group  

Vote of Thanks  Dr. B.N. Singh, Registrar, RKDF University 

Lunch & Interaction:        13:00 �± 14:00 hrs.  
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Project completion report 

on 

“System Design, Erection, Testing & Commissioning of 40 

kWth and 10 kWe pilot plant aiming at the Feasibility 

Study of MWe Scale Concentrated Solar Thermal Plant 

integrated with 24 x 7 Thermal Energy Storage” 

 

 

 

 

 

 

 

 

 

 



 

Project completion report 

on 

“Post Combustion Carbon Capture & sequestration (CCS) Plant 

on a Coal Fired Thermal Power Plant Feasibility Study” 

 

 

 

 

 

 

 

 

 

 




