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1. Why EU-India collaboration on solar 

thermal? 

1.1. Analyzing the role of solar thermal in strengthening bilateral relationship 

In India, the industrial sector is the main contributor to GHG emissions with ~560 Mt CO2 annually as in 20201. The 

sector showcases a heavy reliance on conventional fuel options, such as petroleum products, oil, coal and natural 

gas. Increasing efficiencies of renewable energy technologies like wind and solar, coupled with supportive policy 

and regulatory landscapes have resulted in a rapid scaling up of clean energy measures in India, several of which 

can help industries reduce dependence on conventional fuels. The estimated potential for solar is about 5,000 

trillion kWh per year considering the solar insolation that India is endowed with. The Government of India also 

recognizes the potential and benefits of solar thermal technologies, particularly concentrating solar thermal 

(CST) technologies and has been supporting them through a capital subsidy mechanism. The sector calls for 

strong value proposition to entice the industry stakeholders to participate and meet significant quantum of 

demand through solar thermal, rather than focusing on competing resources. The developments in the clean 

energy sectors are creating opportunities for collaboration and renewed interest from international players 

operating in India. In this context, plugging the gaps in the sector to improve the overall business case requires 

increased research and innovation (R&I) and coordination between key stakeholders. 

In Europe, solar thermal applications have significant market potential in cooling and heating sector. A large 

share of solar thermal energy can be utilized to develop sustainable heating and cooling system in Europe2, and 

several projects have already been installed. Innovation and efficiency improvements in solar thermal 

technologies are contributing to increased uptake of these technologies. The potential and advancements of 

solar thermal systems have been highlighted in the Strategic Research Priorities developed by the solar thermal 

technology panel and research projects within the framework of the Horizon 2020 programme. The solar heating 

and cooling roadmap3 for EU sets out the European Commissions’ vision on renewable heating and cooling 

technology as a ‘no-regret’ option in its Energy Roadmap 2050 for locally producing energy. The Solar Heat 

Europe (Formerly European Solar Thermal Industry Federation (ESTIF)) has also been promoting the solar 

thermal heating and cooling to achieve the target of 1 sqm of collector area for every European in FY 2020.4  

Research and innovation will play a key role in achieving significant improvements across the solar thermal value 

chain in India and Europe. Below you find an assessment of the possible reasons for closer cooperation between 

EU and Indian academia, researchers and innovators in the area of solar thermal: 

 
1 https://www.iea.org/countries/india 
2 https://setis.ec.europa.eu/publications/setis-magazine/low-carbon-heating-cooling/solar-thermal-fulfilling-its-heating-and 
3 https://www.rhc-platform.org/content/uploads/2019/05/Solar_Thermal_Roadmap.pdf 
4 http://www.estif.org/about_estif/mission/ 

https://setis.ec.europa.eu/publications/setis-magazine/low-carbon-heating-cooling/solar-thermal-fulfilling-its-heating-and
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• Synergies in research and technology space: There is a high degree of overlap in certain niche areas, 

particularly in the non-concentrating technology space, where technological capabilities of EU counterparts 

can be leveraged to effectively cater to the requirements of the Indian markets. The EU, through its 

numerous initiatives and programmes has undertaken extensive research and development efforts in areas 

targeted at compact designs, improved efficiencies, firmness of solar thermal (integration with storage), 

increasing overall applicability, improved temperature range, enhanced thermal output, material science, 

etc. All these factors in the technology space have resulted in improved design of systems with optimized 

performance of systems in EU. Such practices adopted in the field of solar thermal with proven success 

forms a key area of learning for Indian stakeholders, who in turn benefit from those technology solutions. 

• Synergies in visualizing solar thermal as a key component in clean energy transition: Both the EU and India 

realize the fundamental importance of solar thermal in reducing the reliance on conventional fuel options, 

including role of such technologies in meeting domestic targets and international commitments in the field 

of climate change. The country level solar thermal roadmap defined by India for FY 2022 and EU’s solar 

heating and cooling roadmap have a number of similarities in terms of strategic priorities over the short, 

medium and long term and high degree of convergence on the anticipated socio-economic impact, once 

the installations are in place. This unlocks opportunities to work in a collaborative manner to assist each 

other in achieving goals and green energy commitments.  

• Adopting possible lessons from established/best practices in EU to foster enabling ecosystem: Research 

institutions in many of the EU member nations such as Austria, Germany and France have been conducting 

research work under various projects funded by the EU, including several tasks in the IEA-SHC framework. 

The European academia has been leading several tasks involving new storage technology designs, 

digitization and performance monitoring tools, collector designs, heat transfer fluid/medium, and effective 

integration in industrial processes, which is exactly the need of the hour for Indian solar thermal markets as 

well. This unlocks the opportunities for Indian stakeholders to join forces with European R&D institutes to 

share knowledge and technical expertise in areas, which actually require support. Apart, from the 

technology space, the EU has been supporting numerous programmes, which have served as best practices 

across the globe. Some of the notable ones, potentially of interest to India are: 

o Formation of solar thermal alliance/platform for knowledge sharing, along the lines of Solar Heat 

Europe (formerly European Solar Thermal Industry Federation (ESTIF)) 

o Defining long term vision for solar thermal for India till FY 2030 and FY 2050, along the lines of vision 

roadmap for EU in 2030 and 2050, defining key priorities  

Synergies in 
research and 
technology 
space

Synergies in 
visualizing solar 
thermal as a key 
component in 
clean energy 
transition

Inculcating 
learnings from 
established/best 
practices in EU 
to foster 
enabling 
ecosystem 

Broadening the 
applicability of 
solar thermal 
technology
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o Improved financing to the sector (high upfront CAPEX required) by inculcating the learnings from 

TrustEE platform (EU project under Horizon 2020), which provides standardized templates and 

documentation to mitigate risks for solar thermal projects 

o Improved solar thermal auditing norms in alignment with European standard of ‘EN 16247’ which 

defines characteristics of high-level energy audit as well requirements and obligations. It is linked to ISO 

50001, 50002 used in Indian markets, but is more detailed and focused on the thermal energy demand.    

o Creating a comprehensive Information database for different solar thermal projects implemented in the 

country, along the lines of SHIP5 (Solar heat for industrial processes) developed by leading European 

institute- ‘AEE INTEC’ 

• Broadening the applicability of solar thermal technology: In India, solar thermal technology is primarily 

deployed to generate heat, whereas globally including the EU the focus has been on leveraging solar thermal 

to generate both heating, cooling and power. In this regard, ‘concentrated solar power’ (CSP) forms a key 

avenue, wherein EU has substantial technical expertise and prior experience of innovative installations, while 

the Indian stakeholders have not been able to tap into this opportunity.  Spain, one of the leaders for CSP 

installations in the world has installed 2.3 GW of CSP capacity, with plans to tripling this capacity to 7.3 by FY 

20306. The European Solar Thermal Electricity Association7 (ESTELA) has been the voice of solar thermal 

electricity in Europe and closely collaborates with EU and international institutions in supporting research 

and innovation in CSP. Some of the key EU funded projects undertaken by ESTELA include the following.8 

o MUSTE (Market uptake of solar thermal electricity) funded by EU Horizon 2020 to overcome barriers 

that hinder CSP deployment in Southern Europe 

o SolarCO2OL (Solar based SCO2 operating low cost plants) funded by H2020 will look into development 

and demonstration of critical components for facilitating cost effective hybrid PV-CSP plants using 

supercritical CO2 cycles. 

The feasibility of all these innovative technology solutions needs to be assessed for the Indian context. 

Presently, the country has only 229 MW9  (125 MW Linear Fresnel Reflector technology, 101 MW parabolic 

trough technology, 2.5 MW solar tower technology) of operational CSP installations, and no new project has 

been conceptualized in the last 5 years.  For India, the main factors influencing the CSP market are the 

technology options, government’s commitment, budgetary support, and more importantly financing (grant, 

debt, equity and low-cost finance) from international agencies10. In the technology space, possible areas of 

collaboration include material science (PCM storage), tower CSP, central receiver designs, heat fluids and 

storage options. R&D has a critical role to play in improving the performance of the system and in bringing 

down the capital cost by improving the indigenous manufacturing ecosystem. Additionally, areas of high 

Direct Normal Irradiance (DNI), where CSP plants are economically feasible, suffer from acute water 

shortage11 and hence possibilities of dry cooling technologies also need to be worked upon. 

In broad terms, through closer cooperation in the field of research and innovation in the area of solar, India 

would potentially be able to benefit through: 

 
5 http://ship-plants.info/ 
6 https://energypost.eu/flexible-renewable-power-spain-to-triple-solar-thermal-capacity-by-2030/ 
7 https://www.estelasolar.org/ 
8 https://www.estelasolar.org/our-activities/eu-funded-projects/ 
9 https://www.currentscience.ac.in/Volumes/115/02/0222.pdf 
10 http://www.iitj.ac.in/CSP/material/CSP_Industry_Outlook_Final.pdf 
11 https://www.currentscience.ac.in/Volumes/115/02/0222.pdf 
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➢ Improved realization of clean energy vision (COP21 vision, increased penetration for renewables, 

industrial efficiency, etc.) 

➢ Assistance in achieving diversification of fuel mix resulting in improved energy security  

➢ Increased employment opportunities 12: 1 MWth of CST deployment in an annum provides employment to 

8 persons for installation and commissioning and to 6 persons for O&M of CST equipment.  

➢ GHG emission reduction in CO2 equivalent, including cost of CO2 saving: A carbon dioxide abatement of 

0.27 tonnes of CO2 per sqm of CST deployed in annum and 4.91 tonnes of CO2 per sqm of CST deployed 

over the lifetime of the system can be achieved.13 

➢ Increased fuel saving through direct displacement of conventional fuel options in industries favorable for 

solar thermal deployment, including economics associated with subsidy burden reduction 

➢ Development of a concrete R&D infrastructure, through increased technology partnerships 

➢ Cost optimization measures through advanced state of art technology penetration 

➢ Knowledge transfer by acquainting with best practices 

1.2. Viewing solar thermal in the light of developments in solar PV 

In India, solar thermal technology has not witnessed the same traction as solar PV, which has garnered far 

greater interest. However, a direct comparison would be inaccurate as the applications for both technologies 

are different in India in terms of heat vs power generation. The market for solar PV has developed and the 

economies of scale have resulted in reduced overall costing and competitive solar tariffs and overall greater 

acceptance by the industry, owing to development of a much-improved ecosystem in the last 10 years. But the 

same cannot be said for solar thermal sector where the progress has been rather slow, as the price economics 

has not been very conducive.  

Unlike solar PV, solar thermal requires large amount of upfront CAPEX, and the running costs are low as there 

are no operational fuel requirements. The sector in general has not been able to attract substantial financing, 

which has been restricted to support from programmes run by UNDP, UNIDO, GEF and MNRE.  

Another major challenge with solar thermal is to suit the viability specific to applicability in a given industry. High 

degree of customization efforts is required, which is not the case with solar PV, where the systems are 

standardized and modular in nature. The operations of solar thermal in India has usually been restricted up to 

250˚C temperature range and only those industrial processes, which have heat requirements below that 

temperature can be catered to by such systems.  

However, the volatility in the conventional fuel prices, declining solar thermal system costing, coupled with 

diversification strategy to increase energy security have presented a strong case for solar thermal in India. Other 

compelling factors include enhancement of green image, high market potential and wide spectra of financial 

incentive availability (concentrated solar thermal system attracts as high as 30% CAPEX subsidy, along with other 

financial incentives in the form of low interest loans and interest subvention). 

A quick comparison of solar thermal and PV across key financial parameters has been indicated below. 

 

 
12 https://open.unido.org/api/documents/12714793/download/India%20CST%20Roadmap%202022.pdf 
13 These assumptions are based on the results of the assignment ‘Promoting business models for increasing penetration and scaling up of solar energy’’ 
that was executed by UNIDO, MNRE, IREDA, MSME, DIPP and MoEF. This was submitted in the year 2013 
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Key financial 
parameters 

Solar PV Solar Thermal 

CAPEX Cost • INR 3-4.5 Cr/MW • INR 20000/sqm14 (INR 2.857 Cr/MW, considering 1 sqm is 
sufficient to generate 0.7 sqm, as per IEA benchmark) 

OPEX Cost • INR 2.5 
Lakh/MW/year  

• 0.9-1.8% of the CAPEX cost per year15 

Interest Rate for 
financing16 

• 7.5-10.5% from banks 
such as IREDA 

• 7% from banks such as IREDA (post 5% interest 
subvention from UNIDO), otherwise similar to what is 
offered for other technologies 

PPA  • PPA for 25 years • No heat PPA, but RESCO gathering interest 

CAPEX Subsidy • No CAPEX subsidy • 20% of the benchmark cost or actual whichever is less 

• 40% of the benchmark cost for special category states 
(NE states, Sikkim, J&K, Himachal Pradesh, Uttarakhand 
and islands)  

In terms of supply chain also, solar PV has a well-developed value chain, with a heavy focus on stimulating 

domestic manufacturing of critical components such as modules and cells. On the other hand, for solar thermal 

the supply chain is not fully developed, and critical operations such as mirror manufacturing, receiver tube 

manufacturing, etc. are not being performed in India (70-80% domestic value capture is presently happening in 

India). In terms of requisite testing infrastructure as well, solar thermal technologies are lagging behind from 

solar PV technologies with very few research labs having the capacity to conduct various performance tests and 

certify product.  

In terms of applicability, solar thermal systems have the potential to cater to displacement of conventional fuel 

options such as natural gas, petroleum products, oil, diesel across diverse range of industries, typically in 

processes up to 400˚C. Sector wise applicability has been highlighted below. 

• Industries level: Numerous industrial process such as cleaning, process heating, boiler-feedwater heating, 

cooling, evaporation, pasteurization, etc. across industries such as food processing, dairy, textile, auto, 

pharmaceutical, chemical, breweries, petroleum refineries, etc. 

• Commercial level: Shopping malls, hotels, hospitals and other commercial establishments for hot water and 

steam generation 

• Institutional level: Educational institutions, universities, government buildings, community kitchens for 

steam and hot water generation for applications such as community cooking 

• Domestic level: Residential homes for hot water generation 

Other emerging areas, where solar thermal technology can potentially play a key role include applications such 

as cold storage, sludge drying, desalination and cooling. Several pilot projects have already been undertaken 

across India for such applications. Applications related to power generation through concentrated solar have 

also been taken up with limited success. 

 

 
14 CST dish with double axis tracking 
15 http://grebeproject.eu/wp-content/uploads/2017/10/GREBE-Advice-Notes-SOLAR-Thermal.pdf 
16 IREDA 
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2. Solar thermal market overview in India 

2.1. Overview of Indian markets  

Solar thermal technologies in India form a critical facet of overall energy planning and are classified as ‘viable 

solutions for meeting specific heat delivery requirements, at specific time at a given temperature’. The market, 

which initially began with non-concentrating technologies, typically designed for solar water heating 

applications has gradually evolved into a much more R&I driven market (with the advent of concentrating solar 

thermal (CST) technologies), focussing on multitude of applications at industrial and commercial level.  

India presently has 16 million sqm of collector area under solar water heating (SWH) or non-concentrating 

technology, which is anticipated to reach 20 million sqm (14 GWth) by FY 2022 as per the Ministry’s long-term 

vision. The growth of SWH sector can largely be attributed to more mature technology, more awareness, ease 

of deployment and even mandatory obligations in some cases for certain categories of buildings (states such as 

Karnataka, Chandigarh, Haryana had mandatory obligations to install SWH based on floor area/site area). In 

terms of non-concentrators, both flat plate and evacuated tube technologies are prominent in India, with recent 

trend more biased towards evacuated tube collectors. 

 

As aforementioned, the concentrating technology came into existence only a decade back and hence its share 

in terms of total collector is small (less than 0.5% in terms of collector area). However, over the last 5-10 years the 

CST market in India has been flourishing at a rapid pace, with solar thermal installations in the country rising 

every year, in alignment with country’s ambitious goals. The commercialization of CSTs across different 

segments in India has been predominantly achieved through support programmes in the form of capital 

subsidies offered by MNRE. MNRE initiatives have further been supported by UNDP and UNIDO led programs on 

promotion of CSTs through support from GEF. Currently within CST technology space, India has solar thermal 

installed capacity of ~ 70,000 sqm17 (48 MWth) which is projected to reach 200 MWth by 2022, as per the ‘India’s 

CST roadmap-2022’.18  

 
17 https://mnre.gov.in/img/documents/uploads/file_f-1597797108502.pdf 
18 https://open.unido.org/api/documents/12714793/download/India%20CST%20Roadmap%202022.pdf 
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A distinctive advantage with CSTs is their versatility in terms of producing heat delivery at a range of 

temperatures, between 50°C and up to over 250°C, which can be used in a variety of industrial process- heating 

and space cooling applications. Industries showing good potential for implementation of solar concentrators are 

food processing, dairy, paper and pulp, chemicals, textiles, fertilizer, breweries, electroplating, pharmaceutical, 

rubber, desalination and tobacco sectors. Any industrial/commercial establishments currently using steam/hot 

water for process applications can also employ CSTs with a minimum tinkering to the existing setup. For 

industrial processes where lower temperature 

range (less than 120 °C) is required, technologies 

such as the non-imaging concentrators are common 

and for higher temperature range applications, 

technologies based on tracking mechanisms with a 

higher sun concentration ratio such as parabolic 

trough, Linear Fresnel and paraboloid dish are 

preferred.  

 

A potential assessment of the usage of renewables in 

process heat applications in industries carried out by 

UNIDO estimates that solar thermal technologies have 

the potential to provide 5.62 Exa Joules of energy to the 

industrial sector in the year 2050. Almost 50% of this 

energy will be provided to the food and tobacco 

industry.19 

2.2. Key technology trends in India  

2.2.1. Overview of solar thermal technologies 

The most mature type of solar thermal technologies can be categorized either as concentrating or non- 

concentrating, as depicted in the chart below. The section highlights the characteristics of key technologies, 

indicating their advantages as well as limitations. 

 
19 Renewable Energy in Industrial Applications – An Assessment of the 2050 Potential, UNIDO 
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2.2.1.1. Non concentrating technologies  

2.2.1.2. Flat Plate Collectors 

Flat plate collectors are probably the most fundamental 

and most studied technology for solar-powered domestic 

hot water systems.  The Sun heats a dark flat surface, 

which collect as much energy as possible, and then the 

energy is transferred to water, air, or other fluid for 

further use 

• Working Temperature: Upto 80oC 

• Concentration Ratio: 1 sun 

• Tracking: Not Necessary 

2.2.1.3. Evacuated tube collectors 

Evacuated tube collectors work in a manner in which heat 

loss to the environment, inherent in flat-plates, has been 

reduced. Since heat loss due to convection cannot cross a 

vacuum, it forms an efficient isolation mechanism to keep 

heat inside the collector pipes. 

• Working Temperature: up to 120 oC 

• Concentration Ratio: 1 suns 

• Tracking: Not necessary 

Pros
- Easy to install and 
low O&M
- Low Investment 
per unit area

Cons

- Low Temperature

- Higher material 
requirement

Pros
-Low investment, 
easy to install, low 
O&M

Cons
-Maintaining vacuum

Sensitive materials 
prone to damage 
during transportation  
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2.2.1.4. Non-Imaging technologies 

2.2.1.5. Non Imaging Concentrators (NICs) 

Also known as Compound Parabolic Collectors (CPC), 

NICs consist of specially coated absorber tubes that are 

enclosed in concentric vacuum glass covers to reduce 

convection losses. The fluid to be heated passes through 

these tubes and is transferred via a header to the central 

receiver tube on top.  

• Working Temperature: Upto 150oC 

• Concentration Ratio: 5-25 suns 

• Tracking: Not Necessary 

2.2.2. Line Focus Technologies 

2.2.2.1. Parabolic Trough Concentrator 

Parabolic Trough Concentrators comprise of troughs that 

are made from parabolic shaped metal/glass. This 

parabolic surface is coated with a reflecting material such 

as highly polished metal or metallized plastic which can 

withstand the effect of external agents such as rain and 

also sunlight as well. These trough shaped surfaces 

reflect the incident sunlight on to a collector pipe (the 

receiver) that runs axially along the trough. 

• Working Temperature: 150oC - 250 oC 

• Concentration Ratio: 10-100 suns 

• Tracking: Single Axis 

2.2.2.2. Linear Fresnel 

Linear Fresnel Reflecting Concentrators (LFRC) are similar 

in line focus to parabolic troughs, except that instead of 

the parabolic shaped reflecting surfaces, these are made 

from strips of straight reflecting material These surfaces 

also reflect the incident sunlight onto a metallic collector 

pipe (the receiver) that runs axially above the array of 

reflectors. 

• Working Temperature: 150oC - 250 oC 

• Concentration Ratio: 10-100 suns 

• Tracking: Single Axis 

Pros
- Low O&M and 
adjustments
- Low Investment per 
unit area

- No moving parts

Cons
- Limited experience 
in India; 
- Low Temperature 
operation

Pros
- Proven Technology
- Storage Available
- Commercial
- R&D Experience

Cons
- Complex Structure
- Flat area required
- High maintenance

Pros
- Simplified Design
- Low Investment per unit 
area
- Storage Available
- Pre-Commercial

Cons
- Area requirement 
high
- Lower Efficiency
- Large size mirrors 
tougher to replace
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2.2.3. Point Focus Technologies 

2.2.3.1. Fixed Focus Elliptical Dish (Scheffler) 

Also known as Scheffler concentrators, this setup 

comprises of a single dish system that is made up of large 

number of mirrors. All of these mirrors reflect the sun’s rays 

onto a fixed receiver that contains the heating fluid. The 

dish which automatically tracks the sun in the E-W direction 

from morning to evening. 

• Working Temperature: Upto 250oC 

• Concentration Ratio: 20-100 suns 

• Tracking: Single Axis 

2.2.3.2. Fresnel Reflector Based Dish  

These comprise of a dish composed of panels of flat 

mirrors mounted on a frame with a cavity receiver 

connected to the dish. The receiver is at the focal point of 

the dish and such that it is held in a fixed position in 

relation to the reflectors by means of a suitable structure. 

The entire array of panels and receiver moves to track the 

Sun. The reflector and the receiver move in 

synchronization to track the Sun, such that the dish faces 

incoming sunlight at all times and concentrates that on the central receiver. 

• Working Temperature: Upto 400oC 

• Concentration Ratio: 10-100 suns 

• Tracking: Double Axis 

2.2.3.3. Paraboloid Dish 

Paraboloid Dish comprises of a dish with mirrors mounted on a 

truss structure such that the incident sunlight is reflected on to 

a central cavity receiver which is specially designed to reduce 

convective and radiation heat losses. In comparison to the 

Fresnel dish, these systems have lighter structures and can 

integrated wherever space permits and are hence suitable for 

retrofitting in congested layouts. These dishes are pole-

mounted and thus have small footprint. 

• Working Temperature: Upto 400oC 

• Concentration Ratio: 20-100 suns 

• Tracking: Double Axis 

Pros
- Relatively Cheap
- Commercial, Simple 
Fabrication

Cons
- Highly precise 

- High temperature 
at small surface

Pros
- Relatively Cheap
- Commercial
- Simple Fabrication

Cons
- Operation and 
Maintenance
- High tracking accuracy 
required
- Mirror cleaning a hassle

Pros
- Commercial
- Modular

- Highly efficient

Cons
- High operation and 
Maintenance cost
- Higher cost per dish



 

EU-India Clean Energy and Climate Partnership (CECP)  Page 13 of 35 

2.3. Key support programmes in India 

Policy and regulatory instruments can serve as the biggest drivers towards mobilizing market penetration for 

adoption of solar thermal technologies in India. Favorable elements in the form of a stable and long-term 

consistent policy framework is necessary so that market players can accordingly develop their plans and 

strategies for expansion. 

On 26th February 201820, the MNRE extended the scheme on ‘’Off-Grid and Decentralized Concentrated Solar 

thermal (CST) for community cooking, process heat and space heating and cooling applications in industrial, 

institutional and commercial establishments’’ till FY 2020 with some minor changes in the current subsidy 

benchmarks. The proposed cost and eligible subsidy for various technologies are as under: 

S. 

No. 

Solar Collector Type Benchmark 

Cost (Rs/sqm) 

Subsidy 

(Rs/sqm) 

1 Concentrator with manual tracking (Dish solar cooker) 7000 2100 

2 Solar collector systems for direct heating and drying and NIC/CPC 12000 3600 

3 CST with single axis tracking (including Scheffler dishes) 15000 4500 

4 CST with single axis tracking, solar grade mirrors and evacuated 

tube collectors 

18000 5400 

5 CSTs with double axis tracking 20000 6000 

The most notable change evident from the above subsidy benchmarks is inclusion of a new category i.e. a 

separate benchmark for Scheffler Dishes, which has seen a subsidy reduction from Rs 5400/sqm to Rs 4500/sqm. 

Perhaps, the Ministry has taken a prudent step which ensures lower subsidy rate for less efficient technologies, 

however the more efficient technologies (double axis concentrators) have still not seen any upward revision 

from earlier incentive mechanisms. Other key pointers emerging from the scheme have been enlisted below: 

• There will be no upper cap on the subsidy to be provided on CST based systems. The pattern of subsidy as 

above will be continued for 2 years where after, it will be reduced to 20% and 40% (special category states) 

respectively 

• Mirrors of solar grade quality will be mandatory for CST based systems after 1 year of operation of the 

scheme 

• Budgetary support for O&M of the CST Test centres at NISE and SPUoP, Pune will be met under the scheme 

• The projects will have to be completed within 12-18 months of time from the date of sanction depending on 

the size of the project. Non completion of the projects with the sanctioned time might attract reduction or 

forfeiture of eligible subsidy from MNRE, unless approval for extension is taken in advance due to some 

unavoidable circumstances, beyond the control of the beneficiary. 

• The subsidy will be released to implementing agencies/Channel Partners/beneficiaries on reimbursement 

basis after successful commissioning of the system and on receipt of project completion report along with 

performance for 3 months, audited statement of expenditure and other relevant documents. 

Even though the scheme launched by MNRE was originally designed for FY 2017-20, the CAPEX subsidy benefit 

continues to be provided.  For solar water heating (flat plate and evacuated tube) technologies, MNRE had 

 
20 https://mnre.gov.in/img/documents/uploads/d74b91893fff4266b21d7f4884e46443.pdf 

https://mnre.gov.in/img/documents/uploads/d74b91893fff4266b21d7f4884e46443.pdf
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already stopped the subsidy since Sep 2014. Other key benefits for CSTs include accelerated depreciation (40%) 

which can be availed by profit making consumers.  

2.4. Potential applications and target market for CSTs in India  

2.4.1. Concentrating technologies 

Industrial heat is characterized by a wide diversity with respect to temperature levels, pressure and production 

processes to meet highly differential industrial applications. In India, solar thermal is employed for various 

applications in different sectors (50-400˚C temperature range) such as cooking, process heating, drying, 

distillation/desalination, water heating, space heating and refrigeration and power/electricity generation. 

Industries such as dairy, textile, food processing, chemical, automobiles and community kitchens form the target 

market for CST deployment in India.  
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1 Automotive and other 

Transport 
                    

2 Breweries                     

3 Cement                     

4 Chemical                     

5 Dairy                     

6 Food Processing                     

7 Iron and Steel                     

8 Petroleum refineries                     

9 Pharmaceuticals                      

10 Pulp and Paper                     

11 Rubber                     

12 Textile                     

 

In India, the most commonly used heat transfer medium for low and medium temperature processes is steam or 

hot water. For higher temperatures, thermal oils or saturated steam are used for improving the heat transfer 

characteristics. Considering air has a low heat capacity per volume, hot air is not usually used exclusively as heat 

transfer medium barring processes requiring hot air such as drying (e.g.: Tea, tobacco, malt factories) or space 

heating. The overall potential of CSTs in industrial applications is estimated to be 6.45 GW. 
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2.4.2. Non-Concentrating technologies 

Non-concentrating technologies in India typically find applications in residential areas, hospitals, commercial 

establishments (hotels, shopping malls, restaurants) and industrial processes, which require less than 100 ˚C of 

temperature. Some of the industries, where such systems have been deployed for different applications include 

textile, dairy, leather, metal plating, chemicals and food processing. On the application front, the systems are 

used for drying, cleaning, cooking, evaporation, space heating/cooling and general process heating. Some of 

these applications have been highlighted below.21 

The Ministry has set an overall target of 20 million sqm (14 GWth) by FY 2022 for solar thermal technologies, 

primarily comprising of non-concentrating technologies. 

 
21 UNDP Solar water heater handbook 

SWH system in JP Siddhartha 
Hotel generating 3500 L/day 

SWH system in residential area 
(Thane-Maharashtra) capable of 
generating 16200L/day for 50 
apartments 

SWH system in Infosys Hostel-
Mysore, capable of generating 
600,000 Litres/day 

SWH system in textile industries 
(Chelsea Mills-Haryana) generating 
50,000 Litres/day 

SWH system in commercial 
establishments such as Golf Club, 
capable of generating 6,00,000L/day 

SWH system in dairy industries 
(MILMA dairy-Kerala) generating 
60,000 Litres/day for 
pasteurization of milk 
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3. Focus areas for R&I in Solar thermal 

3.1. Key R&I focus areas in India 

Despite, there being significant 

potential for solar thermal in 

India, the barriers have had an 

adverse effect on the deployment 

of the technology, particularly in 

the concentrated technology 

space, where the current 

installations (~49 MWth) 

constitute less than 1% of the 

estimated potential (6.45 GWth). 

In the non-concentrated 

technology space, although 

project commissioning has taken 

place at a large scale, it is mostly 

restricted to residential places 

and not in the commercial and 

industrial segments, which serve 

as major contributors to GHG 

emissions and fossil fuel 

consumption.  

For both the technologies, one of 

the major areas of concern is that 

there are no significant tie-ups/technical support partnerships established between Indian players and foreign 

stakeholders that may result in investment to increase the scale of operations of Indian players or enhance their 

capacity.22 Research and innovation (R&I) forms an essential target segment, which has not garnered much 

traction but has the capacity to uplift the entire segment by contributing to the following key avenues. 

  

 

 

All these potential improvements in the Indian solar thermal markets can be achieved by focusing on the 

following key areas under R&I: 

➢ Thermal energy storage 

 
22 https://open.unido.org/api/documents/12714793/download/India%20CST%20Roadmap%202022.pdf 

Improving 
thermal 

performance

Improving 
customer side 

experience

Improving 
application 

range

Reduced costing 
and compact 

design

Integrating 
storage

Pros

Proven technology (specially non-
concentrated) 

Demand visibility: Well defined 
short term vision/roadmap

CAPEX subsidy and other financial 
incentives

Regulatory mandates for non-CST 
in some regions

Massive unrealized potential

Highef thermal conversion 
efficiency

Cons

Long term trajectory is missing

High upfront CAPEX

Low awareness levels

Operations limited by 
temperature range

Limited international exposure

Limited capacity and scale of 
operators

Limited supply chain 
infrastructure

Competition from competing RE 
sources such as solar PV

Limited R&I focus

Increasing collaboration in R&I areas can help mainstream solar thermal in Indian markets as an important 
technology solution for fossil fuel displacement 
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➢ Improvements in collector designs 

➢ Digitization and performance monitoring 

➢ Cost reduction measures 

While India has emerged as one of the leaders in solar thermal technology for heat applications, there is still a 

need to strengthen the pros in terms of creating a more enabling environment and work upon the cons through 

dedicated R&I measures, driven by increased collaboration. The different R&I areas for improved partnership 

and knowledge exchange have been analyzed in subsequent sub-sections. These proposed R&I areas and the 

outcomes will boost the investors and consumer confidence in the sector to adopt advanced and efficient solar 

thermal technologies. 

3.1.1. Thermal energy storage  

Thermal energy storage (TES) is a technology that stores thermal energy by heating or cooling a storage medium 

so that the stored energy can be used at a later time for heating and cooling applications and power generation. 

TES systems are used particularly in buildings and in industrial processes where batches are often the norm. 

Advantages of using TES in an energy system include an increase in overall efficiency and better reliability, and it 

can lead to better economics, reductions in running costs, and less pollution of the environment, i.e., fewer 

carbon dioxide (CO2) emissions. Solar thermal systems, unlike photovoltaic systems with striving efficiencies, 

are industrially mature and utilize a major part of the sun’s thermal energy during the day. TES is becoming 

particularly important for electricity storage in combination with concentrating solar power (CSP) plants where 

solar heat can be stored for electricity production when sunlight is not available. New materials are selected, 

characterized, and enhanced in their thermo-physical properties to serve the purpose of a 24 hour operation in 

an efficient TES system. In Europe, it has been estimated that around 1.423 million GWh/year can be saved, and 

400 million tons of CO2 emissions avoided, in buildings and in industrial sectors by more extensive use of heat 

and cold storage. 

Storage density, in terms of the amount of energy per unit of volume or mass, is important for optimizing solar 

ratio (how much solar radiation is useful for the heating/cooling purposes), efficiency of appliances (solar 

thermal collectors and absorption chillers), and energy consumption for space heating/cooling room 

consumption. Therefore, the possibility of using phase-change materials (PCMs) in solar system applications is 

worth investigating. PCMs might be able to increase the energy density of small-sized water storage tanks, 

reducing solar storage volume for a given solar fraction or increasing the solar fraction for a given available 

volume 

It is possible to consider thermal storage on the hot and/or cold side of the plant. The former allows the storage 

of hot water from the collectors (and from the auxiliary heater) to be supplied to the generator of the absorption 

chiller (in cooling mode) or directly to the users (in heating mode). The latter allows the storage of cold water 

produced by the absorption chiller to be supplied to the cooling terminals inside the building/facility. It is usual 

to identify three situations as “hot”, “warm”, and “cold” storage based on the different temperature ranges. 

Typically, a hot tank may work at 80–90 ◦C, a warm tank at 40–50 ◦C, and a cold tank at 7–15 ◦C 

While heat storage on the hot side of solar plants are always present because of heating and/or domestic hot 

water (DHW) production, cold storage is justified in larger plants. Cold storages are used not only to gain 

 
23 International Renewable Energy Agency (IRENA). The Energy Technology Systems Analysis Programmes (ETSAP): Technology Brief E17; International 
Energy Agency: Paris, France, 2013. Available online: http://www.irena.org/Publications (accessed on 8 July 2015). 
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economic advantages from lower electricity costs (in the case of electric compression chillers) depending on the 

time of day but also to lower the cooling power installed and to allow more continuous operation of the chiller. 

Classification of TES  

Due to intermittency in availability and constant variation in solar radiation, TES found its place in thermodynamic 

systems. TES not only reduces the discrepancy between the demand and supply by conserving energy, but also 

improves the performance and thermal reliability of the system. Therefore, designing efficient and economical 

TES systems is of high importance. 

The main types of thermal energy storage of solar energy are presented in image below. An energy storage 

system can be described in terms of the following characteristics: 

• Capacity defines the energy stored in the system and depends on the storage process, the medium, and 

the size of the system;  

• Power defines how fast the energy stored in the system can be discharged (and charged);  

• Efficiency is the ratio of the energy provided to the user to the energy needed to charge the storage 

system. It accounts for the energy loss during the storage period and the charging/discharging cycle;  

• Storage period defines how long the energy is stored and lasts hours to months (i.e., hours, days, weeks, 

and months for seasonal storage);  

• Charge and discharge time define how much time is needed to charge/discharge the system; and  

• Cost refers to either capacity (€/kWh) or power (€/kW) of the storage system and depends on the capital 

and operation costs of the storage equipment and its lifetime (i.e., the number of cycles) 

 

 

TES Capacity (kWh/t) Efficiency  Storage Period 

Sensible 10-50 50-70% Hours/Days 

Latent 50-150 75-90% Days/Months 

Chemical reactions 120-250 75-100% Hours/days 
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R&I areas 

Sensible heat is applicable to domestic systems, district heating, and industrial needs. The most popular and 

commercial heat storage medium is water, which has a number of residential and industrial applications. 

Underground storage of sensible heat in both liquid and solid media is also used for typically large-scale 

applications. However, TES systems based on SHS offer a storage capacity that is limited by the specific heat of 

the storage medium. Furthermore, SHS systems require proper design to discharge thermal energy at constant 

temperatures. 

PCMs can offer a higher storage capacity that is associated with the latent heat of the phase change. PCMs also 

enable a target-oriented discharging temperature that is set by the constant temperature of the phase change. 

Melting temperature, latent heat of fusion, and PCM thermo-physical issues are three basic factors influencing 

the selection of PCMs in any application. A high heat of fusion and a precise melting/solidification temperature 

(without subcooling) are two primary requirements in the selection approach. Numerous mechanical and nano-

level enhancements have been achieved to increase the heat transfer rate, which is promising. Micro-

encapsulation increases the heat transfer surface area and is also a solution for phase segregation in salt 

hydrates. 

Support for the R&D of new storage materials, as well as policy measures and investment incentives for TES 

integration in buildings, for industrial applications, and for variable renewable power generation, is essential if 

its deployment is to be fostered. In future greenhouses, TES solutions can combine heating–cooling–

dehumidification functions and provide poly-generation possibilities. Further research on the possibility of 

thermo-chemical energy storage and the further development of PCMs is needed for this option to be widely 

adopted in a more cost-effective manner. 

o Improving energy storage density through composite materials 

o Enhancing the thermal conductivity of heat transfer fluid   

o Material durability tests to be developed to assure long-term thermal cycling performance of the TES device.  

o Heat exchanger design for optimization of overall heat transfer between HTF and energy storage materials  

o Improving efficiency of overall thermal energy storage 

o Using nano compounds with PCM materials to enhance thermal conductivity, storage and fast charging and 

discharging  

o Advanced thermal insulation –optimisation of insulation thickness and type of insulation (Rockwool etc.) 

o For selecting best suitable composite PCMs, a test bench may be designed to test various composite PCMs 

o One by one and performance curve can be drawn to select best suitable PCM for high temperature thermal 

o Energy storage application 

3.1.2. Improvements in collector design  

Solar thermal collector forms the most critical component in a given solar thermal system, responsible for 

transforming the sun light into thermal energy and hence precise considerations need to be made while 

designing such components. In this regard, for improved quality and longer life of the system the Ministry has 

also made it mandatory for deploying solar grade mirrors for developing concentrator designs, considering the 

recent performance related loopholes with ‘aluminum-based designs’. The collector technologies also play a 

significant role in subsidy disbursal process as different collector technologies attract different subsidies, and 

hence form critical components in policy decision making as well.  
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Numerous technologies, including unglazed, flat-plate, evacuated tube and concentrating collectors, are 

available on the market to provide the temperatures and efficiency needed by different applications. The three 

distinct temperature ranges in which solar thermal collectors operate and their corresponding applications and 

technologies are defined below. 

Temperature needed Type of application Collector technologies used 

Low temperature (20-

95 ˚C) 

Swimming pools, domestic hot 

water heating, space heating, 

district heating, solar cooling and 

low temperature process heat 

Unglazed, flat plate, evacuated tube and CPC 

concentrator collectors 

Medium Temperature 

(95-250 ˚C) 

Process heat, desalination, water 

treatment, high efficiency solar 

cooling, district heating and 

cooling 

Highly efficient vacuum insulated flat plate, 

evacuated tube, CPC and other low 

concentrating, linear Fresnel and parabolic 

trough collectors 

High Temperature 

(>250 ˚C) 

High temperature process heat  Parabolic troughs and linear Fresnel collectors, 

paraboloid dishes and solar towers 

In this regard, the key intervention areas for Indian context w.r.t collector technologies have been analyzed below. 

           

• Reduced losses and 
improved efficiency 
measures 

• Reduced overall costing 
of collectors 

• Versatility in 
temperature range 

• Possibilities of reduction 
in material usage 

• Use of polymeric collectors for improved 
efficiency 

• Advanced liquid of gaseous fluids for heat 
and cold transfer for reduced losses 

• Cost reduction using higher grade of 
standardization and, thus, a reduction in 
the number of different collector 
variations 

• Designing high grade solar mirrors 
(recently made mandatory by MNRE) 

• Design for greater operability i.e. for 
application beyond 400 C in thermal 
power plants 

• Developing compact design of overall 
system to reduce losses (reduction in pipe 
length and losses) 

• IEA SHC Task 54: German R&D team 
recently achieved 20-35% cost reduction in 
flat plate collectors and 20-30% cost 
reduction in evacuated tube (based on 
principle of stagnation of collector 
temperature to 125 C) 

• IEA SHC Task 39: Polymeric material for 
solar thermal applications leading to cost 
reduction through economies of scale 
(Germany) 

• IEA SHC Task 49 (Sub Task Process Heat 
Collectors): Importance of stagnation and 
overheating of collectors leads to improved 
O&M and replacement of HTF 

• IEA SHC Task 54: Reference studies in 
Austria, Denmark, Germany for cost 
reduction potential 

Overcoming gaps through R&I Defining key areas of intervention Key examples in EU 

Germany developing new solar collector designs reducing costs up to 30% 
 
R&D team from 3 different organizations have successfully developed lucrative collector designs that is 
envisioned to reap cost cutting benefits across the entire solar thermal value chain. The key to intricate designing 
procedure is the heat pipe which is capable of stagnating the collector temperature to 125 ˚C to completely 
avoid vapor formation in solar circuit. These superior features could lead to lowering system component cost by 
8-10% (expansion vessels and pipes), 8-10% in installation and 55-65% during maintenance (slower degradation 
of heat transfer fluid). Accordingly, the overall cost reduction in installation of the system ranges from 20-30% 
(evacuated tube) and 27-35% for flat plate in LCOH terms. 
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3.1.3. Digitization and performance monitoring 

Developing a customer centric view on enhanced maintenance and visualization forms one of the key areas of 

intervention in solar thermal space. To understand the performance of solar thermal systems on long term basis 

and the factors impeding the output, it is imperative to have ‘state of art performance monitoring systems and 

tools ‘to design a robust framework ensuring quality standards in place during installation and operation and 

maintenance period. Some of these pain points within the performance monitoring bucket have been analyzed 

below. 

 

In India, for a very long time there has been limited focus on mapping performance attributes of solar thermal 

systems such as quantum of heat delivery, quality of heat delivery, efficiency, steam (pressure and temperature), 

timing of heat availability, etc., resulting into generation of ‘no specific data insights’ with respect to different 

solar thermal technology performance over longer periods. Hence, firstly data collection techniques need to be 

made more concrete, so that all data points are captured in a comprehensive manner. 

Secondly, this data collection exercise needs to translate into concrete insights for improving the O&M, 

designing performance standards for different technologies, developing innovative policy instruments by 

making subsidies performance linked (currently it is collector area driven) and making the overall ecosystem 

more investor friendly through digital means. In India, there is a lack of superior performance monitoring tools 

that can support not only preventive maintenance actions but also predictive maintenance situations, both of 

which are integral to informed decision making. These predictive solutions can provide useful information 

pertaining to:  

✓ Upcoming faults in the solar thermal system or particular replacement situation (such as absorber coatings, 

heat transfer fluid getting deteriorated, etc.) 

•Developing algorithms for efficient communication technology for monitoring of solar thermal 
system: For example in developing predictive models based on climate forecasts (DNI), so that 
approximate heat delivery in the future may be estimated and backup measures can be 
adequately adopted (Such forecasting measures persist to an extent for solar PV and wind)

Predicative modelling

•Benchmarking of different solar thermal technologies for comparison and scope of 
improvement, including designing policy instruments and development of performance 
standards

Superior data analytics on performance generation data

•The enhanced usage of digitization techniques like smart phones apps for remote monitoring 
for reduced efforts for maintenance of systems. Integrating IOT solutions for predictive 
situation (for example pressure or temperature fall below a certain threshold) is another 
closely area of intervention

Enhanced use of digitization techniques

•Developing tools to offer information pertaining to equipment costs, energy savings and 
viability. Presence of a technology wise solar thermal calculator  (Similar to rooftop PV) can 
also be vital for  informed decision making.

Investor friendly solutions
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✓ Providing information about expected day-ahead heat delivery based on DNI levels 

✓ Automated actions to turn on alternative source of heat delivery incase solar thermal system is not able to 

generate required quantum 

✓ Deployment of smart phones apps for monitoring and selection of preventive action 

In general, solar thermal technology is highly customizable in nature and the technology solution is governed by 

the requirements of the beneficiary in terms of complying with specific heat requirements. In India, there are 

number of technology suppliers (Scheffler, PTC, Parabolic, CPC, LFR) providing these customized solutions at 

varying costs. Hence, there is a need to address this issue and develop a solar thermal tool/calculator which will 

serve as a guiding principle for investors, prior to making any investment decision on solar thermal. Such a user-

friendly platform would allow the beneficiary to enter his details and specify his requirements in terms of 

performance and the output can be a potential list of manufacturers (including their track record) selling that 

particular solution and most importantly at what costing. Such a calculator would help investors for a preliminary 

check before actually going ahead with their deployment plans for solar thermal. Similar efforts have already 

been undertaken for solar PV such as ‘MNRE’s solar rooftop PV calculator’ helping investors making an informed 

decision. In fact, many state distribution utilities such as BESCOM have also developed their own customized PV 

calculator providing technical as well as financial information to the customer. The same trend needs to be 

replicated for solar thermal as well to make the ecosystem more investor friendly. 

3.1.4. Cost reduction measures 

To understand the cost effectiveness of solar thermal system and to understand the potential for cost reduction, 

it is crucial to analyse various components that constitute a solar thermal system.  A component wise cost 

distribution for a larger solar thermal system has been plotted below24. Though it must be noted that the price 

can vary based on the technology, application, sizing and location of the concentrating solar thermal system. 

Concentrating solar technologies in India have not been able to grow at a large scale, inter alia as a result of the 

following challenges.25 

o Lack of reliable database for DNI, thereby affecting the project financials at the time CSP technology was 

first implemented in India 

 
24 https://www.solarthermalworld.org/sites/default/files/story/2015-06-07/solar_hotwater_dg.pdf 
25 https://www.irjet.net/archives/V7/i10/IRJET-V7I10236.pdf 
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o Lack of technical skills and awareness levels 

o Considerable water usage (CSP plants in India consumer 19.9 m3 /MWh, while CEA estimates 2-3 m3/MWh): 

There is a need to use effective dry cooling techniques 

o High costs, owing to lack of indigenous manufacturing, financial subsidies and low investor confidence. 

The cost of a CSP plant is almost double that of a solar PV of an equivalent capacity.26 

The key cost reduction drivers have been tabulated below:  

Particular Cost reduction drivers 

O&M Automation and technology improvements reducing requirement for replacements 

HTF system R&D advancements in higher-temperature heat transfer fluids increasing operating 

efficiency 

Thermal storage Heat transfer media improvements to achieving higher energy densities and 

operating temps 

Solar field Economies of scale through mass production and material improvements via 

industrial learning (automated manufacturing) 

Power block Economies of scale through increased plant size 

EPC and indirect Labor costs, economies of scale and technology maturity / industry experience 

 

The economic viability of a TES depends heavily on application and operation needs, including the number and 

frequency of the storage cycles. Cost estimates of TES systems include storage materials, technical equipment 

for charging and discharging, and operation costs. Although economic analyses for conventional systems 

(without thermal storage) and systems with sensible storage (water) tanks are abundant, comparative cost 

analyses of using a PCM as a latent heat thermal storage unit in a solar absorption cooling system are rarely seen.  

TES systems for sensible heat are rather inexpensive as they consist basically of a simple tank for the storage 

medium and the equipment to charge/discharge. Storage media (e.g., water, soil, rocks, concrete or molten 

salts) are usually relatively cheap. However, the container of the storage material requires effective thermal 

insulation, which may be an important element of the TES cost. 

PCM storage and Thermo Chemical Storage (TCS) systems are significantly more complex and expensive than 

the storage systems for sensible heat. In most cases (e.g., thermo-chemical reactors), they use enhanced heat 

and mass transfer technologies to achieve the required performance in terms of storage capacity and power, 

and the cost of the equipment is much higher than the cost for the storage material. The cost of systems using 

expensive micro-encapsulated PCMs, which avoid the use of heat exchange surfaces, can be even higher. 

TES technologies face certain barriers to market entry, and cost is a key issue. Other barriers relate to material 

properties and stability, in particular for TCS. Each storage application needs a specific TES design to fit specific 

boundary conditions and requirements. R&D activities focus on all TES technologies. 

TES market development and penetration varies considerably, depending on the application fields and regions. 

Thus, TES potential for co-generation and district heating in Europe is associated with building stock. The 

implementation rate of co-generation is 10.2%, while the implementation of TES in these systems is assumed to 

be 15%. As far as TES for power applications is concerned, a driving sector is the CSP, where almost all new power 

 
26 https://www.currentscience.ac.in/Volumes/115/02/0222.pdf 
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plants in operation or under construction are equipped with TES systems, mostly based on molten salt. This is 

perhaps the most important development filed for large, centralized TES installations. 

R&D activities to stimulate domestic manufacturing for CSP have been highlighted below.27 

Component or material Present local 

manufacturing 

capability 

Recommended Actions 

Receiver (Parabolic Trough) Low • Promote R&D for metal glass seal, and solar 

selective and antireflective coatings 

Receiver (Power Tower 

System) 

Low • Promote R&D for receivers able to work 

under high solar flux, for volumetric 

receivers using atmospheric air as HTF, and 

for durable pressurized air receivers 

Mirror (Parabolic Trough) Medium • Explore sources of low-iron sand 

Mirror (Power Tower 

System) 

Medium/high • Explore sources of low-iron sand 

Drive/Tracking system 

(Parabolic Trough) 

Medium • Promote R&D for solar sensor and 

controller technology 

Drive/Tracking system 

(Power Tower System) 

Low • Promote R&D for solar sensor and 

controller technology 

HTF (synthetic oil and molten 

salts) 

Medium • Promote R&D in materials having high heat 

density and stability 

• Promote R&D in thermochemical and 

electrochemical storage 

Turbines Medium/High • Establish technical and quality standards for 

CSP turbines 

Hence, efforts to reduce the costs and innovative cooling technologies are needed to materialize solar thermal 

for power generation applications. Research collaboration between Indian premier institutes (such as IIT 

Bombay) and international R&D institutes to develop cheaper and more efficient components is the need of the 

hour. Ongoing efforts in the area of TES on new technologies for CSP to bring down the LCOE, need to be further 

strengthened. The CSP expert group of MNRE recommended that the new CSP projects should invariably have 

at least 3 hours TES system.28 Moreover, for large scale proliferation of such systems in India, a greater number 

of techno-commercial feasibility studies should be conducted for developing pilot/demonstration projects for 

different CSP technologies. 

 
27 
https://www.esmap.org/sites/esmap.org/files/DocumentLibrary/ESMAP%20WB_Development%20of%20Local%20CSP%20Supply%20Chain%20in%20India_Su
mmary_Optimized.pdf 
28 https://openknowledge.worldbank.org/bitstream/handle/10986/29300/j.rser.2017.04.059.pdf?sequence=1&isAllowed=y 
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4. Mapping of potentially relevant EU 

stakeholders 

4.1. Key R&D solar thermal institutes in EU 

There are numerous institutes that have been working in Solar thermal over the last decade in conducting 

targeted research in innovative areas such as thermal storage, polymeric materials, solar industrial heat 

applications, solar district heating, collector materials and performance, solar thermal integrated building 

designs and cost reduction strategies across the value chain. Some of these research areas overlap with the 

intervention areas proposed in the Indian context (preceding sections) and thus serve as perfect opportunities 

for increased collaboration between Indian stakeholders and relevant EU counterparts (R&D institutes and 

technology players offering these solutions). Key solar thermal research institutes and universities active in EU, 

along with their research focus areas have been presented below29 (The highlighted innovation areas indicate 

overlap). 

Country Key Focus/ Innovation Area Presence of dedicated solar 
thermal research institutes/ 
universities 

Possible 
research 
overlap 

Austria • Compact thermal storage with 
high energy density 

• Polymeric Material for solar 
thermal applications 

• Material and component 
development for thermal energy 
storage 

• Solar resource assessment and 
forecasting  

• Solar industrial heat 
• Solar District Heating 
• Integration of solar thermal 

components 
• New generation solar cooling and 

heating systems 
• Cost reduction for solar thermal 

value chain 

▪ AEE-Institute for Sustainable 
technologies 

▪ Austrian Institute of 
Technologies 

▪ Bauxund Forschung and 
Beratung GmbH 

▪ Johannes Keppler University 
Linz 

▪ Innsbruck University 
▪ Graz University of Technology 

 

High 

Germany • Advanced thermal storages with 
higher storage capacities 

• Collector and storage materials 
• Solar standards and certifications 
• System integration for process 

heat 
• Combined solar CHP systems 
• Solar thermal absorption and 

adsorption cooling 
• Solar thermal concentrator 

technologies 
• Solar thermal monitoring 
• Heating grids 

▪ Fraunhofer Geselleschaft (ISE 
Freiburg) 

▪ ZAE Bayern Garching 
▪ ISFH Hameln 
▪ Universitat of Stuttgart 
▪ DLR Koln 

 

High 

 
29 https://www.iea-shc.org/ 



 

EU-India Clean Energy and Climate Partnership (CECP)  Page 26 of 35 

• Digitization and automation 
• Solar thermal economics 

France • Storage 
• Collectors for heating network 
• Solar Cooling 
• Systems, quality and monitoring 
• Cost reduction for solar thermal 

value chain 
• Forecasting for better monitoring  

▪ CNRS 
▪ CETIAT 

High 

Spain • Solar thermal in buildings 
• Solar cooling in large system areas 

▪ CIEMAT Low 

Denmark • Concentrated solar power (low 
cost silicone-based lenses for low 
concentrated heat) 

• Large scale solar district heating 
• Solar heat pumping 

• EUDP Medium 

Netherlands • Compact thermal energy storage 
• Roof integration and PVT 
• Energy, buildings and chemistry  

• ECN 
• TNO 
• Technical University of 

Eindhoven 

Medium 

Italy • Solar heat pumping 
• Solar thermal integrated building 

designs 
• Quality assurance for solar cooling 

systems 

• EURAC 
• ENEA 
• University of Milan Politecnio 

Low 

 

4.2. Key solar thermal initiatives in EU 

4.2.1. STAGE-STE 

STAGE-STE (Scientific and Technological Alliance for Guaranteeing the European Excellence in Concentrating 

Solar thermal energy) is a project which started in Feb 2014, extending over 48 months engaging all major 

European research institutes with relevant and recognized activities on STE and related technologies. It includes 

participation from 41 entities covering European Research Centre (23), Large European Companies (9), and 

International (non-EU) Organizations of reference (9).  The key objectives of the initiative include:  

• Increased real collaboration among EU research organizations  

• Cooperative technical and scientific development 

• Research infrastructures effective sharing (strong interaction with SFERA and EU-SOLARIS)  

• Substantial staff exchange 

• Training and capacity building  

• Alignment of national and international financial resources + co-sharing 

• International collaboration 

• Interaction with industry 
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The key deliverables and areas of solar thermal research work implemented in STAGE STE project, which can be 

useful for Indian context include the following.30 

 

4.2.2. Solar heat Europe  

Solar Heat Europe (formerly European Solar Thermal Industry Federation (ESTIF)), with around 40 members, 

represents 90% of the industry across the value chain striving for growth of solar heat solutions in Europe31. Solar 

Heat Europe’s mission is to achieve high priority and acceptance for solar heat as a key element for sustainable 

heating and cooling in Europe and, with immediate effect, to work for the implementation of all necessary steps 

to realize the high potential of solar heat.32 Solar Heat Europe is particularly involved in contributing to the solar 

heat research and innovation by being the ‘Secretariat’ of a dedicated platform on solar heat technology as well 

as being involved in Renewable Heating and Cooling platform. 

One of the notable contribution of Solar Heat Europe was drafting the ‘Solar Heating and Cooling Roadmap for 

Europe’, identifying strategic priorities for research over short, medium and long term, in order to influence 

decisions of European Commission, regarding solar thermal research.  Some of these R&D areas have large degree 

of overlap with the Indian context in the areas of ‘solar thermal collector technologies, thermal storage, system 

control performance assessment and standards and quality assurance’, which can provide relevant guidance and 

exposure to developing R&I solutions for Indian markets.33

 
30 https://www.stage-ste.eu/deliverables.html 
31 http://solarheateurope.eu/solar-heat-europe/solar-heat-europe-missions-values/ 
32 http://solarheateurope.eu/ 
33 https://www.rhc-platform.org/content/uploads/2019/05/Solar_Thermal_Roadmap.pdf 

Energy storage

•Storage material/structural 
material compatibility

•Long term corrosion and aging 
behaviour of thermal storage 
materials

•Assessment of thermal energy 
storage options to direct 
steam generation power 
plants

•Nanostructured and metallic 
phase change materials to 
thermal storage systems

•Enhanced models and 
simulations tools to efficiently 
design high temperature 
thermal storage systems with 
pebbles and porous materials

•Performance comparison of 
advanced thermal energy 
storage systems through 
simulations

Material Science

•Small-size receivers’ 
performance and costs for 
line-focus solar collectors

•Assessment of advanced heat 
transfer fluids to high 
temperature for storage

•Simulation tool for design and 
optimization of high 
concentration optical systems

•Comparative characterization 
of new fluids developments 
versus the conventional heat 
transfer fluids

•Accelerated ageing of a new 
front surface mirror coating

•Measuring optical 
performance and heat losses 
of parabolic trough receivers

Process Applications

•Suitable process heat and/or 
CHP systems for specific 
industries and integration 
guidelines

•Concentrating Solar Thermal 
Energy and Desalination

•Mathematical models for low-
temperature desalination 
processes
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Research and 

Innovation Area 

Key areas of focus till FY 2020 in EU Key areas of focus beyond 2020 in 

EU 

Solar thermal 

collector 

technologies 

Development of  

o New surfaces, coatings, materials, collector 

designs, and manufacturing technologies lead to 

an increased system performance by 10% and 

reduced collector costs by 50% 

o High temperature insulation material 

o Methods to avoid overheating and stagnation by 

switchable surfaces and materials and other 

measures to reduce collector efficiency at higher 

temperatures or by fail-safe heat dissipation 

techniques 

o Improved mounting structures which reduces the 

static load at lower costs and higher flexibility 

o Standards for new collector technologies 

Development of 

o Advanced liquid or gaseous 

fluids for heat and cold 

transfer 

o Standardized integration of 

solar heat into buildings and 

systems 

Thermal Storage Development of 

o Cost-effective water storages with increased 

efficiency, improved insulation and simplified 

design 

o Improved low-cost insulation materials and 

Techniques with lower heat conductivity 

o Improved heat transfer and transport techniques 

using emulsions, suspensions, and slurries 

o Low-cost and stable phase change materials for 

thermal storages 

o Novel thermochemical storage technologies with 

an effective storage density of more than 300 

kWh/m3 

o Optimized thermochemical materials, composites 

and reaction processes, including numerical 

simulation techniques 

o New construction techniques for long-lasting, 

cost-effective large-scale seasonal thermal 

storages 

Development of  

o Further improved and cost-

reduced solar thermal energy 

based polygeneration 

systems (combinations of 

power, heat, cold and 

desalination) 

o System design with increased 

solar thermal fraction in 

smart heating grids 

System control 

and 

performance 

assessment 

Development of  

o Advanced self-learning and self-adapting control 

and monitoring strategies for solar thermal 

systems 

o Partly or entirely integrated solar control and 

monitoring functions into the control unit of the 

HVAC system by using modern ICT concepts and 

technologies 

Development of  

o Intelligent sensors fully 

integrated in all components 

of the solar and HVAC system 

o Fully integrated control 

systems for ‘smart buildings’ 

and ‘smart districts’, which 

optimize the solar, HVAC and 

all other technical supply and 

monitoring system by using 
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o New human-machine-interface techniques to ease 

the setting and operation of the control units by 

the user significantly 

o Monitoring concepts and tools to guarantee a 

well-functioning solar system 

o Low cost and robust control and performance 

monitoring system 

o Robust and flexible communication protocols 

o Standardized test methods and assessment 

procedures for controller-dependent behavior of 

system components 

advanced ICT concepts and 

technologies 

Standards and 

quality 

assurance 

Development of: 

o Standardized commissioning and solar yield 

evaluation methods for highly efficient long-term 

operation 

o Concepts and procedures for standardized and 

solid monitoring of all types solar thermal systems 

at costs suited to the investment costs 

Development of: 

o Standardized test methods 

for new storage materials 

e.g. thermo-chemical 

materials 

o Advanced standardized 

commissioning and solar yield 

evaluation methods using 

technology available from 

2020 onwards 

4.2.3. Project INSHIP (Integrating National Research Agendas on Solar Heat for Industrial 

Processes)34 

INSHIP aims at the definition of a European Common Research and Innovation Agenda (ECRIA) engaging 

major European research institutes, with relevant and recognized activities on SHIP into an integrated 

structure. It aims at the successful achievement of the objectives summarized in the following table together 

with their expected impacts and the beneficiaries. 

Project Objective Expected Impact Beneficiaries 

Definition and implementation 

of framework for international 

collaboration on SHIP 

technologies 

More efficient use of available resources 

and the possibility to undertake projects 

requiring a large consortium 

• European Commission 

• R+D community 

• Industrial sector 

• Project developers 

Harmonization of national and 

European Programmes related 

to this sector 

More efficient use of available resources 

and a better coordination between 

national and European programmes to 

use synergies among research developers 

• National Governments 

• European Commission 

• R+D community 

• Project developers 

Create and keep updated a 

European strategic R+D 

programme for SHIP 

technologies 

List of priority R+D topics to guide the 

National and European Programmes, thus 

enhancing the preparation of Calls and 

avoiding dispersion of efforts 

• European Commission 

• R+D community 

• National Governments 

decision makers 

 
34 http://inship.eu/ 
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Adapt the European research 

infrastructures to the needs of 

the industrial sector 

Provide the industrial sector with the R+D 

infrastructure required to accomplish the 

expected “learning curve” and achieve a 

significant cost reduction 

• Industrial sector 

• R+D community 

• Project developers 

• The public at large 

To create a formal European 

network of SHIP R&D facilities 

Optimization of Research Infrastructures 

capacity at European scale 

• Industrial sector 

• R+D community 

• European Commission 

Exchange of researchers and 

definition of common practices 

for the access and use of the 

R+D facilities 

Standardized procedures and rules for 

access to R+D infrastructures. Definition 

and implementation of standard testing 

procedures 

• Industrial sector 

• R+D community 

• Project developers 

Plan for the use and 

dissemination of the 

Foreground and exploitation of 

research results 

More efficient commercial exploitation of 

IPR via a better relationship with the 

industry 

• Industrial sector 

• R+D community 

• Project developers 

 

Develop and validate suitable 

integration schemes for CSP 

technologies in low 

temperature SHIP (80-150°C) 

A better integrability of CSP into existing 

energy-intensive industrial processes 

• Industrial sector 

• Project Developer 

Feasibility assessment of solar 

chemical reactor technologies 

for several high-temperature 

processes 

Open for solar integration a new range of 

very high temperature industrial 

processes  

• Industrial sector 

• R+D community 

• Project developers 

Development of 100%-

renewable production 

concepts after optimized 

hybrid energy supply systems 

More reliable systems, able to compete 

with fossil energy sources in the market 

• Industrial sector 

• R+D community 

• Project developers 

Development of monitoring 

and evaluation procedures for 

commercial solar fields with 

line-focus concentrators 

Reduced O&M costs for commercial 

plants, and higher durability of 

components due to early detection of 

failures 

• R+D community 

• Industrial sector 

• Project developers 

Much of the research work undertaken in the above work packages can be useful for driving R&I in solar 

thermal for Indian markets, particularly pertaining to development of monitoring and evaluations procedures, 

which was stressed upon as a major gap in the preceding sections as well. 
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5. Recommendations and possible 

collaboration opportunities 

By assessing the key segments of concentrating solar thermal market, opportunities to increase collaboration 
and cooperation between the India and EU have been highlighted in this section.  

5.1. R&D collaboration between academia and industry from EU and India 

To develop a robust market for solar thermal technologies, it is necessary to invest in research and 
development activities to make the technology economically viable and more efficient. Several R&D 
developments related to solar thermal heating and cooling systems have taken place in the EU, leading to 
improved designs and reduced manufacturing costs. These learnings can be accessed and adopted through 
research and commercial collaborations between the EU and India. A few areas of collaboration between the 
EU and India have been discussed below. 

Focus area Areas of collaboration 

Thermal Storage 
(Link to section 
3.1.1) 

• Support from the EU for R&D in new storage materials for industrial and 
renewable power applications can increase the rate of deployment of solar 
thermal storage in India. 

• Research collaborations on the development of thermo-chemical energy 
storage, phase change materials can be promoted to develop cost-effective 
technologies  

Collector/ 
concentrator Design  
(Link to section 
3.1.2) 

• Improved collector designs can lead to reduced losses and improved efficiency, 
reduced overall costing, improved versatility in temperature range, including 
possibilities of reduction in material usage. 

• Interventions taking place in the EU which can be adopted in India include using 
polymetric collectors, advanced heat transfer fluids, compact designs of 
systems 

Digitization and 
performance 
monitoring 
(Link to section 
3.1.3) 

• Performance and monitoring standards/tools employed during project 
installation and operation can ensure optimal project performance and improve 
predictive modelling ability for future projects 

• Data analytics on performance/ generation data allows for benchmarking of 
solar thermal technologies 

• Reducing the maintenance and operational cost of these systems. 

Cost drivers and 
Solar Thermal 
Applications 
(Link to section 
Error! Reference 
source not found.) 

• Promote R&D for metal glass seal, and solar selective and antireflective coatings 
• Promote R&D for receivers to be able to work under high solar flux and high 

pressure 
• Explore sources of low-iron sand 
• Promote R&D for solar sensor and controller technology 
• Leverage expertise of customization in industries in EU for commercializing 

solar thermal applications 

 
Projects like the European Technology Platform on Renewable Heating and Cooling (RHC-Platform) now 
known as European Technology and Innovation Platform (ETIP)35, which are helping accelerate research and 
innovation in renewable heating and cooling for commercial and industrial purposes should be encouraged 
and replicated in India to further R&D activities in solar thermal technologies. 

 
35 https://www.rhc-platform.org/ 
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5.2. Replication of innovative financing models from the EU in India 

One of the main barriers for new developments in solar thermal is lack of funding and financing options. To 
scale up investments in solar thermal, innovative approaches would enable investors to understand how solar 
thermal systems can benefit industries and businesses. The development of innovative, simplified business 
models and opportunities for final users related to flexibility and efficiency could be realized in India with the 
help of experience from the EU. Some of the innovations that could be replicated in India have been 
summarized below: 

• Green and public funds: Investment funds which finance green projects can be targeted to finance solar 
thermal technologies. Mapping existing green financing systems to find out which entities are involved 
where is needed. Low capital costs to incentivize the adoption of carbon reduction measures retaining the 
ownership of the installations 

• Leasing or Contracting: solar thermal contracting is an interesting way to finance medium size solar 
thermal projects. A third party buys the system, manages the sourcing, design and installation as well as 
collecting and keeping any grant, then sells thermal energy for a fixed term and at a fixed (or escalating) 
price, basically providing thermal energy as service. 

5.3. Demand creation through policy and regulatory mandates 

Policy and regulatory mandates are crucial drivers for creating a sustained demand for technologies like 
concentrated solar thermal. Long term demand can be realized through conducive policy mandates that can 
improve the adoption of solar thermal technologies in the commercial and industrial sectors. The solar thermal 
roadmap for India, while emphasizes on the targets in the near term i.e. till FY 2022, it does not necessarily 
focus towards long term trajectory till FY 2030 and associated demand creation measures to achieve those 
targets. To stimulate the adoption of solar thermal technologies India must focus on the following key 
attributes: 

Similar to the Strategy on Heating and Cooling released by the European Commission, India must also set a 
long term vision for the development of the solar thermal industry in the sub-continent. 

1 3 5 

Defining a solar 
thermal roadmap along 
with long term 
trajectory till FY 2030 

Promote design and 
manufacturing of 
solar thermal systems 
including awareness 
and skill development  

4 6 

Enforcing regulatory 
mandates, for adoption 
of solar thermal systems 
in high potential sectors 

Building and promoting in 
export competitiveness to 
cater to international 
markets 

2 

Rolling out policy and 
schemes targeted at 
driving solar thermal 
in high potential 
sectors 

Improve the uptake 
in solar thermal 
systems by 
incentivizing demand 
drivers  
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5.4. Attract investors and technology companies through conducive policy 

formulation 

Solar thermal technologies, while having relatively low operational costs are still capital intensive. Regulators 
and policy makers may offer financial incentives which will be critical in improving the commercial viability of 
these technologies. This is also essential for attracting large scale investment into this sector. The support 
could be in the form of investments/incentives in manufacturing for solar thermal technologies and its 
components, project deployments, machinery building, manpower training or other related avenues, which 
will aid in driving more investors in the ecosystem. 

The incentives could also increase opportunities for partnership between firms from the EU and India to form 
joint ventures (JVs) through collaboration/tie-ups to scale up solar thermal technologies in India. Many firms 
operating in the solar thermal sector in the EU possess expertise and proprietary design knowledge of these 
systems that India can benefit from, technology partnerships and knowledge transfer agreements between 
such firms would further drive deployment of solar thermal technologies in India. 

5.5. Creation of design and operation standards for improved project 

performance 

Standardized framework for design and operation of solar thermal technologies hold the key to driving down 
systems costs and affordability. While the development of a standard framework would depend upon host of 
factors relating to physical, technical, mechanical, and legal compliances with respect to the applications of 
these technologies. Key parameters, which are critical for the development and operation of solar thermal 
systems can by further analysed to develop a standardized framework, some of these crucial parameters have 
been presented below. 

 

The development of a framework to measure and evaluate the level of standardization of solar thermal energy 
components and systems would help developers as well as consumers and investors to implement integrated 
systems. These could include the development of standards and recommendations for interfaces and 
component and system designs on the physical level as well as solutions to improve the digital connectivity of 
components and systems from different producers and domains. International standards such as IEEE, ISO 
etc. may also be considered while designing the framework. 

5.6. Awareness and Training for adoption of solar thermal technologies  

Manpower training and acquaintance with planning for setting up a solar thermal system forms the bedrock 
for upscaling solar thermal installations in India. Due to limited deployment of solar thermal systems in India, 
there is an obvious lack of technical-know how on project design, implementation and operation. Additionally, 

Performance Criteria

(Heat delivery, capacity 
utilization, etc.)

Storage Requirements 

(Phase change materials, 
heat transfer fluids etc.)

Technology Specifications

(Paraboloid, scheffler, 
Fresnel etc)

Safety Standards

(Boiler standards, Fire 
safety standards etc.)

Applicable Standards and 
Compliances

(Building codes and 
regulations, Industry by 

laws etc.)



 

EU-India Clean Energy and Climate Partnership (CECP)  Page 34 of 35 

there are certain specific areas, where specialized training efforts would be needed to bridge the gap and 
bring proven technical expertise on board. The EU with its expertise in this sector can work with India in 
developing and equipping domestic resources with the knowledge and skills for executing solar thermal 
systems. These objectives can be achieved through following targeted measures: 

 

•Technical seminars/workshops/webinars targeted at skilling solar thermal players about the latest 
technology trends and best practices being adopted in the EU. This can include sensitizing the key 
stakeholders about critical areas such as; design standards and installation procedures, 
manufacturing processes increased system efficiency and cost reduction, etc.

Organizing Seminars and Workshops 

•In colloboration with experts from the EU a manual/guide/planning document can be created to 
chalk down the major steps involved in solar thermal system deployment. The document could 
include; key stages of solar thermal system development, critical manufacturing industries required 
for solar thermal system components, Handling of logistics and procurement, etc.

Manual/Guide on Solar Thermal Project Development 

•Experts from the EU can share knowledge and expertise in solar thermal project deployment for 
commercial and industrial applications that can be replicated in India. Partnerships between 
academicia and private industry can be encouraged to share best practices and training processes 
for solar thermal technologies

Knowledge Sharing Partnerships between the EU and India
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