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ABSTRACT 
 

The fast depletion of fossil fuel has increased the havoc and need of finding an alternative for 

the existing fossil fuel based energy industry. As a result, many renewable energy sources 

such as Solar, Wind, Geo Thermal, Bio mass, etc... are being looked in to. One of the major 

sources of renewable energy is our sun. There are two methods of tapping the energy from 

the sun. 

 

1. Solar Thermal  

 

It involves using the sun’s heat directly in some processes or indirectly to produce electricity. 

 

2. Photo Voltaic 

 

It involves using the light to produce electricity using Photo Voltaic cells. 

 

This report involves only the Solar Thermal part where the sun’s heat is indirectly used to 

produce electricity. This report focuses mainly on a method known as Compact Linear 

Fresnel Reflectors (CLFR). This method involves the focusing of sun’s energy to an over 

head tube through mirrors arranged to form the shape similar to that of a Fresnel lens and 

hence the name. Water runs in the over head tube, the focused energy from the sun, heats up 

the over head tube and produces steam which in turn runs a steam turbine which in turn 

produces electricity.   

 

This report focuses mainly the potential of using CLFR technology to be augmented in to 

existing coal fired power plants in India. India has a solar reception of 5 Peta watt hours per 

year with an average of 4 – 7 kW/m2 DNI. One of National Thermal Power Corporation’s 

Coal fired thermal power station, Dadri Thermal Power Station, has been chosen for the 

purpose of case study for this particular thesis. Since there is coal shortage at the power plant 

location and the plant is not able to produce the peak load, our primary objective was to 

achieve the production of peak load. The existing power cycle and the solar steam augmented 

power cycles have been simulated using Thermoflow software and the results have been 

tabulated. 
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Introduction 
 

India has a theoretical solar reception of 5 Petawatt-hours per year with an average solar 

energy incident of about 4 – 7 kW/m
2
 depending on the location. (Tariq Muneer, 2004) Even 

with this high potential, India is highly reliant on fossil fuels for its power production. This 

thesis explores a possible use of solar thermal energy to augment renewable energy with the 

existing fossil fuel based technology. 

 

Areva is the global leader in nuclear energy and one of the major players in renewable energy 

in the world today. Areva created its Renewables Group in 2006. Areva Solar was started in 

February 2010 with the acquisition of Ausra, a provider of Compact Linear Fresnel Reflector 

(CLFR) technology. 

 

Aim 
 

The aim of this report is to give a brief introduction about using the CLFR technology to 

provide a boost of power production through renewable energy. It also aims to explain the 

course taken to arrive at certain critical decisions in reference to the project. 

 

Objective 
 

The deliverables for this report are 

 

• Brief description about the Solar Energy keywords involved 

• Brief description of Compact Linear Fresnel Reflector Method 

• Simulation and results of using CLFR in an existing coal fired power plant 

• Future prospects of this technology 

 

Approach 
 

• The country is divided into different regions based on their Direct Normal Irradiance 

(DNI). 

• The Solar Policies of individual states are analysed. 

• The suitable configuration of coal thermal power plant is identified. 

 

Scope 
 

Only Coal Fired Thermal Power Plants are taken into consideration and hence all other types 

of Power Plants are not taken into account.  

 

In order for Compact Linear Fresnel Reflector (CLFR) to have its maximum effect, Power 

Plants in places below a Direct Normal Irradiance (DNI) of 5 are not taken into account. 

 

The policies, laws, incentives and all government related norms are limited only within India. 
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Renewable Energy 
 

According to the International Energy Agency, Renewable Energy is derived from natural 

processes that are replenished constantly. In its various forms, it derives directly or indirectly 

from the sun, or from heat generated deep within the earth. Included in the definition is 

energy generated from solar, wind, biomass, geothermal, hydropower and ocean resources, 

and bio fuels and hydrogen derived from renewable resources. (International Energy Agency, 

2010) 

 

Solar energy 
 

Solar radiation exploited for hot water production and electricity generation. (International 

Energy Agency, 2010) 

Different Methods Of Solar Energy Conversion 
 

The solar energy incident on the earth’s surface can be used in three different methods 

 

1. Heating and Cooling with Flat Plate collectors (Solar Thermal Power) 

Involves the usage of Flat Plate Mirrors to concentrate sun power to an overhead tube. 

 

2. Direct Thermal use 

Direct use of sun’s heat such as in Green houses and crop drying. 

 

3. Electricity generation using PV collectors (Photo Voltaic) 

Involves the usage of Photo Voltaic cells for the production of electricity. 

 

Solar Thermal Power 
 

It is the technology of using the sun’s energy to convert into thermal energy, hence the name 

Solar Thermal Power. (Nelson, 2011) 

 

There are several methods of converting sun’s energy in to heat energy. They are: 

 

1. Parabolic Trough Design 

2. Power Tower 

3. Dish Design 

4. Fresnel Reflectors 

5. Linear Fresnel Reflector Technologies 

6. Fresnel Lens 

7. Micro CSP 

 

Parabolic Trough Design: 

  

Parabolic trough design involves the use of curved mirrored troughs to reflect solar radiation 

to a receiver (glass tube filled with heat transfer fluid) positioned along the length of the 

trough at the focal point of the mirrors. The trough needs to be tilted in such a way that the 
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direct radiation is always remains focused on the receiver. The fluid passing through the 

receiver becomes very hot and this heat is transferred to a heat engine which is then 

converted to electricity. 

 

Power tower: 

  

Thousands of tracking mirrors (Heliostats) capture and focus the sun’s thermal energy onto a 

receiver mounted on top of a tower located in the centre of the heliostat field. The 

concentrated beam has very high energy; a bird flying into the beam would be vaporized. 

(Nelson, 2011) The recover contains molten salt which gets heated to over 1000°F. The hot 

molten salt is stores in a thermal storage tank and later pumped to a steam generator. The 

generated is used to drive a turbine to generate electricity. 

 

Dish design: 

  

A large reflective parabolic dish like a satellite dish is used to focus the sun’s thermal energy 

to a receiver mounted above the dish. The receiver might be the heating element of a Stirling 

engine or a steam engine where the heat energy is converted to electricity. 

 

Micro CSP 

 

Micro CSP uses the same principles as that of Concentrated Solar Power with the difference 

that the size of the collector is small, light and is capable of operating in lower temperatures 

in the order of 600 
o
F.   

 

Compact Linear Fresnel Reflectors (CLFR) 
 

In order to understand completely the CLFR technology, we need to understand the basic 

technologies embedded within. 

 

Fresnel lens: 

 

Fresnel lens is special kind of lens which has a large aperture and a short focal length. This 

lens helps in concentrating scattered light into a beam. This kind of lens is used in light 

houses. The main aim of the Fresnel lens is to reduce the amount of material needed when 

compared to that of the conventional lenses in use. 

 

Fresnel reflectors: 

  

Fresnel reflectors are a series of long, narrow, shallow curvature or flat mirrors that focus the 

light onto one or more linear reflectors positioned above the mirrors. Small parabolic mirrors 

can also be attached to the reflectors to increase the focussing of light. These are more cost-

effective, since a receiver can be shared by several mirrors, unlike the dish and trough 

designs. 

 

Linear Fresnel Reflectors 

 

Linear Fresnel Reflectors involves the usage of the Fresnel lens effect. This involves a series 

of long mirrors as reflectors and an absorber tube overhead. The difference between LFR and 
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parabolic dish is that the absorber, in this case remains stationary. The mirrors used can be of 

shallow curvature or flat mirrors. 

 

Compact Linear Fresnel Reflectors 

 

In general, LFR uses up a lot of space for setting up a power plant. In this age where space 

available plays a vital part, it is necessary to decrease the size of this technology in order to 

be viable. The Linear Fresnel Reflector technology usually involves only a single array of 

reflectors and a single absorber overhead.  

 

Sometimes when two or modules and close to each other, the mirrors will have more than one 

absorber tube to which they can concentrate the light. 

 

Advantages of CLFR 
 

• One of the main advantages of CLFR technology is the diversity of applications and 

opportunities it provides. 

 

• Simple, robust design for low-cost and durability. 

 

• It has the highest energy density for solar technologies. 

 

• It also uses the least area of land. 

 

• No special materials are needed. Commonly available materials such as Carbon Steel Pipe, 

Flat Glass and structural components are only used. 

 

• Reduces risk to the environment by using Direct Steam Conversion method. 

 

• The Steam generator can be either used as once through or as a re-circulating one. 

 

• Rapid deployment and modular installation: high-volume, automated production (6-to-18 

month field installation); regional and on-site manufacturing.* 

 

• Durable structure: 2-inch carbon steel pipe; horizontal mount solid piping; no moving 

joints; steel-backed reflectors rotate downward to protect the mirrored surface.* 

 

• Highly-automated computer controlled tracking.* (AREVA, 2011) 

 

* AREVA Advantages 
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AREVA 
 

• AREVA is a French public multinational industrial conglomerate headquartered in the 

Tour AREVA in Courbevoie, Paris. 

 

• Mainly known for nuclear power; also has interests in other energy projects. 

 

AREVA Solar 
 

• Formed with the acquisition of US – based AUSRA, a provider of concentrated solar 

power solutions using Compact Linear Fresnel Reflector (CLFR) technology in Feb 2010. 

 

• Headquarters in Mountain View, California 

 

• Developed the world’s first solar/coal – fired power augmentation facility. 

 

• First and only solar boiler to receive S-Stamp certification by the American Society of 

Mechanical Engineers (ASME). 

 

 

Operates a 5MWe solar power plant in Bakersfield, California, at its Kimberlina Solar 

Thermal Energy Plant development facility. 

 

Solar Booster Technology And Steam Parameters 
 

The Solar Booster technology is a means of replacing a part of the steam currently being used 

in the existing coal – fired power plant with steam produced using the solar farm placed near 

the power plant. 

 

The steam produced in the solar farm using Compact Linear Fresnel Reflector method. 

 

 

 

 

 

 

 

 

Three formats of Solar Boiler Technology sold by AREVA: 

 

1. Standalone solar power plant generating 50MW+ of electricity. 

2. Solar booster (20-50MW) adding solar steam power to an existing fossil-fuel 

power plant for carbon mitigation. 

3. Industrial steam provider for food, oil, desalination and other processes. 



 

Compact Linear Fresnel Reflector (CLFR) Working:
 

Compact Linear Fresnel Reflector (CLFR) technology uses flat mirrors that track the sun, 

reflecting solar heat onto boiler tubes to raise steam without the costs and emissions of fossil

fired boilers. 

 

 

Advantages of Compact Linear Fresnel Reflector (CLFR):
 

• Lower natural habitat mitigation costs

 

• Less time-intensive permitting process 

as a result of smaller site footp

 

 

• Easier access to contiguous, flat land 

(<3% grade) and transmission

 

 

• Lower land and grading costs

ongoing O&M costs 

 

 

• Greater ability to site at existing power 

plant and industrial sites. 

 

 

 

 

snel Reflector (CLFR) Working: 

Compact Linear Fresnel Reflector (CLFR) technology uses flat mirrors that track the sun, 

reflecting solar heat onto boiler tubes to raise steam without the costs and emissions of fossil

Linear Fresnel Reflector (CLFR): 

Lower natural habitat mitigation costs  

intensive permitting process 

as a result of smaller site footprint  

Easier access to contiguous, flat land 

(<3% grade) and transmission 

Lower land and grading costs, and 

Greater ability to site at existing power 

 

 

Figure 1: CLFR Working Principle 

Figure 2: CLFR Plant Comparison
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Compact Linear Fresnel Reflector (CLFR) technology uses flat mirrors that track the sun, 

reflecting solar heat onto boiler tubes to raise steam without the costs and emissions of fossil-

 

: CLFR Plant Comparison 
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Solar Booster Preferred Parameters for Augmentation 
 

 
Table 1: Preferred Parameters for Augmentation 

 

Solar Booster Advantages 
 

• Increase output of existing capital equipment without added emissions 

 

• Match peak electricity demand 

 

 

• Reduce fuel consumption 

 

 

• Reduce carbon and other emissions 

 

 

• Rapid deployment (< 1yr to COD) 

 

 

• Direct steam generation makes integration into existing systems simple, either as retrofits 

or new designs. 

 

 

 

 

 

 

 

 

 

 

 

 

Size >10 Mwe

DNI >5.5 kWh/m2/day preferred

Wind <90 miles per hour / <145 km per hour

Solar Steam Supply Temperature Up to 900 
O
F / 482 

O
 C 

Solar Steam Supply Pressure Up to 2,400 psia/ 165 bara

Steam Augmentation Preferred Applications



Selection Criteria 

Solar Irradiation Mapping

In order to set up a Solar Thermal Power Plant at a site for augmentation or stand alone 

purpose, it is of utmost importance to check the Solar Ins

Irradiation (DNI) at that particular locale. In order to obtain a continuous output from the 

Steam Generator, it is required that the site should have an annual average DNI of over 5.0 

kWH/m
2
.  

 

Figure 

Therefore for our project, to set up a Solar Thermal Power Plant for augmentation, only the 

Coal Fired Power Plants at locations having DNI value of more than 4.5 are taken into 

consideration. 

 

 

 

Solar Irradiation Mapping 
 

In order to set up a Solar Thermal Power Plant at a site for augmentation or stand alone 

purpose, it is of utmost importance to check the Solar Insolation i.e. the Direct Normal 

Irradiation (DNI) at that particular locale. In order to obtain a continuous output from the 

Steam Generator, it is required that the site should have an annual average DNI of over 5.0 

Figure 3: Solar Irradiation Mapping of India 

Image Courtesy: Solargis

Therefore for our project, to set up a Solar Thermal Power Plant for augmentation, only the 

Coal Fired Power Plants at locations having DNI value of more than 4.5 are taken into 

8 

In order to set up a Solar Thermal Power Plant at a site for augmentation or stand alone 

olation i.e. the Direct Normal 

Irradiation (DNI) at that particular locale. In order to obtain a continuous output from the 

Steam Generator, it is required that the site should have an annual average DNI of over 5.0 

 

Image Courtesy: Solargis 

Therefore for our project, to set up a Solar Thermal Power Plant for augmentation, only the 

Coal Fired Power Plants at locations having DNI value of more than 4.5 are taken into 
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Power Production Capacity 
 

The implementation of CLFR plant is only economically profitable as the power production 

capacity of the plant increases. Also higher power capacity plants will have access to higher 

quality of water which is much needed for the CLFR plant. Especially in the recently 

installed higher power capacity power plants which are super critical in nature. 

 

Water Quality 
 

The quality of water required for steam production in a CLFR plant is needed to of high 

quality in order to produce steam of high quality. It is imperative that high quality water in 

always available for use in the CLFR plant. If this is not the case, then a desalination plant 

should also be installed in order to have the desired results. 

 

Boiler Configuration 
 

The configuration of the currently existing boiler in the power plant is also a crucial point to 

be looked at. The steam’s pressure and temperature parameters, number of existing bleeds in 

the turbine and all the critical point P-T values should be noted. These values are much 

needed and are critical for the augmentation of the steam produced by the CLFR plant. 

 

Age of Power Plant and Expansion Plans 
 

The age of the existing power plant is also an important factor to be noted. Older power 

plants might not be able to with stand the temperature and pressure of the steam from the 

CLFR plant and may get corroded easily. Also it is very difficult to augment steam in to the 

power cycle of an old coal fired thermal power plant. 

 

It should also be taken in to account if the older power plant is to replaced or a newer and 

more sophisticated power plant is to be installed in the existing power plant site. This 

provides a very good opportunity to include the CLFR plant in the beginning stages of the 

power plant. 
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Based on the above mentioned criteria and also based on the interest of the company to put 

up a booster, the following power plant was chosen for case study. Their details (Infraline, 

2011) are given below 

 

 

NATIONAL THERMAL POWER CORPORATION (NTPC)  

DADRI POWER STATION 

 

 

 

* - DNI values are from Meteonorm 

 

 

 

Owned by   : National Capital Power Station (NCPS) or NTPC 

Location   : Vidyut Nagar, Dist. Gautambudhnagar, Uttar Pradesh  

Commissioned On  : May 1992 (GT I Unit) – April 1997 (ST II Unit) 

Current capacity  : 817MW (4 GTX 130.19 MW + 2 STX 154.51 MW) 

(NTPC, 2009) 

Power Plant type  : Gas and Coal 

DNI at plant location  : 4.8728* 
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Site Details 
 

Location 
 

NTPC’s Dadri Power plant facility is located at about 50 km outside New Delhi, India. It is 

located at 28.57°N 77.55°E at an average elevation of 216 metres. 

 

Water is obtained from Dehra Regulator located on Upper Ganga Canal system through a 

pipeline over a distance of 1.0 km from project site. 

 

Aerial View 
 

 
Figure 4: NTPC Dadri Aerial View 

Courtesy: Google Satellite Imagery 

Available DNI 
 

Meteonorm V6.21 was used and the NREL / IMD India data set released by MNRE to assess 

the Direct Normal Insolation (DNI) for the Dadri plant site.  

 

Meteonorm DNI   – 4.87 kWh/m
2
-day  

 

NREL IMD dataset DNI  – 4.32 kWh/m
2
-day.  

 

NTPC has been measuring DNI at a site 20 km from the Dadri station since February 2011 

and reported that their measurements. 

 

NTPC indicated DNI   – 4.1 kWh/m
2
-day.  
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Based on the NTPC measurements AREVA Solar based its estimated performance on DNI of 

4.32 kWh/m
2
-day. This level of DNI is not ideal but is sufficient to allow normal operation 

with lower energy yield.  

Power Rating 
 

Personnel from NTPC took the AREVA group on a tour of the site and the land available for 

a single Solar Steam Generator (SSG) that would supply steam to the plant’s unit #1 which is 

a wet cooled, subcritical, 210 MWe coal fired unit.  

 

The site hosts 3 other similar units plus an 829 MWe gas fired combined cycle unit and 2 new 

490 MWe coal fired units. NTPC indicated that the gas units run at about 70% capacity factor 

due to limitations in the gas supply making them unsuitable for a solar boost. 

 

Likewise, the new, 490 MWe coal units were ruled out as booster candidates due to the fact 

that they are new. That left the 210 MWe units 1 – 4 as candidates and unit 1 was selected 

since it was closest to the proposed solar field location. 

 

The two coal fired power plants are operating in lower power production and lower efficiency 

mainly due to the sparse availability of coal. The primary aim of this exercise is therefore to 

restore the coal fired power plant to its normal power production state. 
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Power Cycle 
 

  

Figure 5: Existing Power Cycle 
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Plant’s Feedwater Data 
 

Feed Water Temperature  161 deg C 

Feed Water Pressure   70 bar 

SSG at Existing Power Plant 
 

SSG Overview 
 

The technology proposed is the Compact Linear Fresnel Reflector (CLFR). AREVA’s CLFR 

Solar Steam Generator (SSG) follows the principles of parabolic trough technology without 

the drawbacks of conventional parabolic trough plants, which include the risk of fires, 

explosions, volatile organic emissions, and expensive, typically imported parabolic mirrors. 

 

A solar steam booster application using AREVA’s Solar Steam Generator (SSG) technology 

is represented schematically below in figure. 

 

 
Figure 6: Augmentation Overview 

 

AREVA’s SSG is modular with simple, off-the-shelf parts utilizing standard steel sections. 

Its design uses near-flat commodity mirrors, which are simpler and less expensive to 

manufacture. These mirrors track the sunlight and concentrate it onto a stationary, single 

receiver located above the reflectors. The receiver contains absorber tubes in which water is 

converted directly to superheated steam driving a turbine to produce electricity. It uses no 

thermal oil, making the solar boilers safer for construction and operations staff, and lowering 

capital costs. (AREVA, 2011) 
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The AREVA SSG is the most land-efficient renewable energy technology in operation, 

generating up to 1.5 to 3 times more peak power per unit area of land than competing solar 

technologies. 

 

 

Design Parameters of SSG 
 

Rows of solar reflectors focus sunlight onto boiler tubes located in a linear receiver supported 

on towers above the reflector field (see Figure below). Each SSG is approximately 100m 

wide x 30m high x 550m long. Note, the picture below is representative of a scaled down 

SSG with 13 rows at the Kimberlina Facility.  

 

 
Figure 7: SSG Design 

 

For the NTPC Dadri Plant, some design elements due to site restrictions, such as the optimal 

number of mirror rows, will need to be evaluated. 
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Identified Location for SSG 

 
Figure 8: Identified Location for SSG
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A presently wooded area of land adjacent to the plant’s coal stockpile and bounded by the 

coal train rail loop has been selected. The NTPC team felt this was the best available location 

and it is the only location that would keep the interconnect pipeline length to around 1000m. 

A tree line and dirt road run between the coal stock pile area and proposed site. As seen in the 

cad layout provided by NTPC, the proposed site is bounded by a rail line to the east, the coal 

yard to the west, a brick making plant to the north, and a new maintenance building to the 

south.  

 

A single, full length, 30 mirror row SSG can be placed in this area if it is aligned 6 degrees 

off of a true North – South orientation. The proximity of the coal pile and the prevailing wind 

direction with respect to the stack and cooling tower plumes will require more attention to the 

cleanliness of the solar field’s mirrors which could potentially reduce the effective DNI. This 

can be somewhat mitigated with more frequent cleaning of the mirrors and other measures, 

such as preservation of the tree line and paving of the dirt road between the coal yard and 

solar field. 

Solar Steam Augmentation 
 

Properties of Steam from SSG 
Solar Steam Supply Temperature 355 deg C 

Solar Steam Supply Pressure  40 bar 

Thermal to Electric Conversion Eff  28% Rough Estimate 

 

Steam Injection Points Considered 
 

Each of the points considered for solar steam injection are simulated using Thermoflow 

software. The existing power cycle is converted shown in Thermoflow below.  

 
Figure 9: No Injection 
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There are four different points of injection considered for the addition of solar steam into the 

existing power cycle. They are, 

 

1. Before the HP Turbine Inlet at 145.6 bar and 545 deg C (BFP – HPT) 

 

 
Figure 10: BFP – HPT 

2. Outlet of HP Turbine at 40 bar and 355 deg C (FWH – CRH) 

 
Figure 11: FWH – CRH 
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3. Before the HP Turbine Inlet at 145.6 bar and 540 deg C (FWH – HPT) 

 

 
Figure 12: FWH – HPT 

 

4. Before the IP Turbine Inlet at 35 bar and 545 deg C (FWH – IPT) 

 

 
Figure 13: FWH – IPT 
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Selection of Ideal Point of Injection 
 

Based on a review of the full load unit 1 heat balance diagram it is recommended integrating 

the solar steam into unit 1’s inlet in to the high pressure turbine. The 545 
o
C / 145.6 bara 

steam conditions at this point in the cycle are not easily met by the current modular CLFR 

system. Adding steam at this location in the cycle will result in higher amount of steam flow 

allowing the plant to operate at a higher net output or at the same net output but with reduced 

coal usage. The solar field will draw 160.7 
o
C feedwater from unit 1’s deaerator outlet and 

deliver it via a separate feed pump to the SSG where it will be heated to make 545 
o
C / 145.6 

bara steam for injection into unit 1. 

 

Post – Injection Plant Performance 
 

The below table compares the performance of the power plant unit before and after the 

injection of solar steam. 

 

Parameter Units No Injection BFP - HPT 

    

Plant Gross Power kW 231183 231028 

Plant Net Power kW 209996 209995 

Number of Units   1 1 

Plant Net Eff (HHV) % 33.75 34.18 

Plant Net Eff (LHV) % 35.9 36.36 

Aux & Losses kW 21187 21033 

Fuel Flow t/day 3623 3577 
Table 2: Post – Injection Plant Performance 

Constructions and Modifications 

Construction and Arrangement of SSG 
 

The entire unit consists of a number of reflector assemblies attached to a space frame 

structure along the length of the SSG. 

 

 
Figure 14: Reflector Assembly 
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The reflector assemblies are coupled together in the north-south dimension to form an 

independently tracked row-segment. Row-segments are mounted side by side across the east-

west width of each line to form a segment. The reflectors are supported at the end of 

segments where they are driven by motors. The drive motors are independently controlled to 

track the sun, to rotate for convenient cleaning or “stowed” in a protective position. 

 

Each linear receiver consists of boiler tubes in a stationary, insulated cavity. The boiler tubes 

are housed in an enclosure with a tempered glass bottom and an insulated galvanized steel 

shell top cover. AREVA Solar boiler tubes are coated with a selective coating to enhance 

both high solar energy absorption and low radiant heat loss. 

 

Pressurised water circulates through the SSGs, absorbing heat from the reflectors’ 

concentrated solar energy. See the Figures above for elevation views of an SSG and for 

overview images of receiver sections and reflectors, the building blocks of the SSG. 

 

Changes to be Effected in Existing Layout 
 

The southern end of the SSG should be configured as the steam outlet to minimize the 

interconnect pipeline lengths to unit 1. This configuration should result in an interconnect 

pipeline length of about 1000m but the pipeline will need to avoid existing coal conveyor 

equipment and cross existing roadways and rail lines. Dealing with these obstacles could add 

length and cost to the pipeline. The long (> 500m) interconnect length will mean that the 

system may not generate enough steam for coal reduction on some winter days and other 

overcast days. This effect is taken into account in the performance model. 

 

Mechanical Design Conditions 
 

The Solar Boiler system is designed to withstand the following environmental conditions: 

 

• 170 km/h [105 mph] wind gusts with reflectors in stow position (design wind conditions 

per ASCE 7-10 Minimum Design Loads for Buildings and Other Structures) 

 

• Ground seismic acceleration up to 0.30g 

 

• Hail up to 25 mm [1”] diameter travelling at 80 km/h [50 mph], hitting either the steel 

backed side of the mirror glass or the front of the glass at normal incidence, with no 

damage to glass 

 

The receiver piping system in the Solar Boiler is designed per ASME Section I requirements 

for fired boilers. In addition, local design requirements, such as the IBC requirements, will be 

reviewed, incorporated and adhered to during the detailed design of the system. 

 

  



Savings and ROI 
 

Savings due to SSG Installation
 

A single SSG is estimated to be able to produce approxi

peak production of 14.4 MWt. Assuming an thermal to electrical conversion

28%, the NTPC Dadri Plant should benefit from approximately 4591

electrical output, and saving 

saving was estimated based on the rate provided by NTPC: 0.7 kg coal / kw
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Savings due to SSG Installation 

A single SSG is estimated to be able to produce approximately 16795 MWt annually,

peak production of 14.4 MWt. Assuming an thermal to electrical conversion

28%, the NTPC Dadri Plant should benefit from approximately 4591 MWhe/yr of additional 

electrical output, and saving 16790 tons of fuel and 3213 tons of coal annually. The

saving was estimated based on the rate provided by NTPC: 0.7 kg coal / kw

Simulation of Different Points of Steam Injection 

Plant Net Efficiency (HHV) 

Figure 15: Plant Net Efficiency (HHV) 

 

Figure 16: Plant Net Efficiency (LHV) 
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mately 16795 MWt annually, with a 

peak production of 14.4 MWt. Assuming an thermal to electrical conversion efficiency of 

MWhe/yr of additional 

3213 tons of coal annually. The coal 

saving was estimated based on the rate provided by NTPC: 0.7 kg coal / kw-hr electricity. 
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Figure 17: Fuel flow 

 

 

Figure 18: Aux & Losses 
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Numerical Comparison 
 

 
Table 3: Numerical Comparison 

Future Improvements 
 

Currently the available modular SSG in Areva has limited heating capacity due to space 

constraint. Due to the limited space availability, the number of mirrors that can be focused is 

limited. Also the direct use of water in the pipelines above can be changed into molten salt in 

order to increase the temperature and pressure limits of the solar steam. With the advent of 

super critical boilers in every power plant that is being built, it is essential that the CLFR 

modules generate higher temperature and pressure in order to achieve higher conversion 

efficiencies in order to provide more options for augmenting solar steam in to the existing 

cycle. 

 

However, it should also be looked upon from a economical aspect as well. The usage of 

molten salt is highly expensive alternative for the existing method. Therefore, AREVA is 

looking for hybrid energy options such as Solar/Natural Gas hybrid power plants which offer 

a more affordable and reliable solution for utilities, even when compared to pumped storage 

hydro. 

 

Conclusion and Inference 
 

From this project, I inferred that CSP is a major work in progress with a lot of potential and a 

lot more work yet to be done. For the time being, it is acting as a very good alternative for 

existing fossil fuel based power plants. In a world where changes are very hard to be made to 

accept, it provides a greener way for producing energy with very little changes to be effected 

in the existing arrangements. 

 

The primary problem like in the case of most renewable energy sources lies in the storage of 

the generated electricity. The existing methods of storage are either of very poor efficiency or 

very expensive that they are economically prohibitive. Therefore it is of the utmost 

importance that a better and more efficient method of storage is needed. 

 

Also better heat carrying materials are needed to replace the existing array of substances so as 

to increase the conversion ratio of the CSP methods. Increase in the conversion ratio would 

mean more opportunities and more options to use CSP as a replacement for the existing fossil 

fuel based power plants. This would ensure a cleaner and greener energy for a sustainable 

future. 

 

Parameter Units No Injection FWH - IPT BFP - HPT FWH - HPT FWH - CRH

Plant Gross Power kW 231183 231088 231028 231044 231118

Plant Net Power kW 209996 210003 209995 209995 209997

Number of Units 1 1 1 1 1

Plant Net Eff (HHV) % 33.75 34.09 34.18 34.14 34.01

Plant Net Eff (LHV) % 35.9 36.27 36.36 36.33 36.19

Aux & Losses kW 21187 21085 21033 21050 21121

Fuel Flow t/day 3623 3586 3577 3581 3594
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Abbreviations and Acronyms 
 

CSP :   Concentrated Solar Power 

 

LFR  :   Linear Fresnel Reflectors  

 

CLFR :   Compact Linear Fresnel Reflectors 

 

P –T  :   Pressure – Temperature 

 

DNI :   Direct Normal Irradiance 

 

NTPC : National Thermal Power Corporation  

 

SSG :    Solar Steam Generators 

 

LHV : Lower Heating Value 

 

HHV : Higher Heating Value 

 

FWH : Feed Water Heater 

 

HPT : High Pressure Turbine 

 

IPT : Intermediate Pressure Turbine 

 

LPT : Low Pressure Turbine 

 

BFP : Boiler Feed Pump 

 

O & M : Operation and Maintenance 

 

CRH : Cold Re – Heat 
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