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Abstract 

An attempt toward a techno-economic assessment of concentrating solar power (CSP) plants 

in India has been made in the present study so as to facilitate a comparison with other renewable 

(solar PV and onshore wind) and fossil fuels based electricity generation. Feasibility 

assessment of wet cooling at potential locations for CSP plants in India has been made and the 

impact of the other condenser cooling options (dry and hybrid) on the levelized cost of 

electricity (LCOE) has been studied. Using an inventory of materials based approach, the 

capital costs of CSP plants have been estimated and the same have been used to estimate the 

LCOE for CSP plants in India while taking into account the effect of location, nominal capacity 

of the CSP plants as well as capacity (hours) of thermal energy storage. A preliminary attempt 

has also been made to assess the potential of capital cost reduction with indigenization and 

adoption of emerging technologies. The extent of some of potential incentives such as viability 

gap funding, interest subsidy, generation-based incentives, investment/production tax credit, 

etc. required for the LCOE to match with average power purchase cost (APPC) of the utilities 

has also been estimated. Since CSP plants with thermal energy storage (TES) can deliver 

electricity during peak demand periods, the break-even value of time-of-delivery tariff for the 

electricity delivered has also been estimated. 

Results obtained show that only 28 (out of a total 95) locations in India with potential for CSP 

generation are suitable for wet-cooled CSP plants (while harvesting both rainwater and 

groundwater). Compared to parabolic trough solar collector (wet/dry), the central tower 

receiver based plants with the provision of TES can deliver electricity at relatively lower 

LCOE. With the adoption of emerging CSP technologies and indigenization of some of the 

components, there is potential for reduction in LCOE up to 40.3%. The extent of incentivization 

(even with combination of two/three incentives) required to achieve APPC is found to be very 

large in many cases. With increasing APPC for electricity distribution utilities, a provision of 

levying time-of-delivery tariffs for electricity delivered by CSP plant with the provision of TES 
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is likely to improve the financial attractiveness considerably. From the analysis and results 

presented in the thesis it is possible to identify locations in India where wet cooling of 

condenser in CSP plants is feasible. It is also noted that even with indigenization and adoption 

of emerging CSP technologies the LCOE is likely to be significantly higher that the average 

power purchase cost of distribution utilities and thus, suitable incentivization measures would 

be required in the initial phase. Appropriate time-of-use pricing of electricity delivered by the 

CSP plants with thermal storage would be directly relevant in this regard.  



lkjka'k   

bl 'kks/k xzUFk esa Hkkjro"kZ esa dsafær lkSj ÅtkZ ¼lh,lih½ la;a=ksa ds rduhdh&vkfFkZd ewY;kadu dh fn'kk 

esa ,d ç;kl fd;k x;k gS rkfd vU; uohdj.kh; ¼lkSj QksVksoksfYVd vkSj rVorhZ iou½ vkSj thok'e 

bZa/ku vk/kkfjr fo|qr mRiknu fodYiksa ds lkFk rqyuk dh tk ldsA Hkkjr esa lh,lih la;a=ksa ds fy, 

laHkkfor LFkkuksa ij vknZz 'khryu dh O;ogk;Zrk dk ewY;kadu fd;k x;k gS vkSj fo|qr dh lerfyr ykxr 

¼,ylhvksbZ½ ij vU; la?kfu= 'khryu fodYiksa ¼'kq"d vkSj ladj½ ds çHkko dk v/;;u fd;k x;k gSA 

lh,lih la;a=ksa dh iwathxr ykxr dk vuqeku yxkus ds fy,] LFkku ds çHkko] lh,lih la;a=ksa dh fu/kkZfjr 

{kerk ds lkFk&lkFk rkih; ÅtkZ lap;d dh {kerk ¼?kaVs½ dssk /;ku esa j[krs gq,] lkexzh dh lwph vk/kkfjr 

fof/k dk mi;ksx djrs gq, Hkkjr esa lh,lih la;a=ksa ds fy, ,ylhvksbZ dk vuqeku yxk;k x;k gSA 

Lons'khdj.k vkSj mHkjrh çkS|ksfxfd;ksa dks viukus ds lkFk iwathxr ykxr esa deh dh laHkkouk dk vkdyu 

djus ds fy, ,d çkjafHkd ç;kl Hkh fd;k x;k gSA lh,lih la;a=ksa dh ,ylhvksbZ dk fo|qr forj.k 

daifu;ksa ds vkSlr fo|qr [kjhn ykxr ¼,ihihlh½ ds cjkcj ykus gsrq vko';d laHkkfor çksRlkguksa tSls 

O;ogk;Zrk varjky foÙkiks"k.k] C;kt esa NwV] mRiknu&vk/kkfjr çksRlkgu] fuos'k@mRiknu vk/kkfjr vk; 

dj esa NwV bR;kfn dh vko';drk dk vuqeku Hkh yxk;k x;k gSAA pwafd rkih; ÅtkZ lap;d ¼VhbZ,l½ 

okys lh,lih la;a= vf/kdre ekax vof/k ds nkSjku fo|qr forj.k dj ldrs gSaSa] blfy, vkiwfrZ dh xbZ 

fo|qr ds fy, vko';d le;&vk/kkfjr&forj.k nj dk Hkh vuqeku yxk;k x;k gSA 

çkIr ifj.kkeksa ls irk pyrk gS fd lh,lih mRiknu dh {kerk okys Hkkjr esa dsoy 28 ¼dqy 95 esa ls½ 

LFkku vknZz 'khryu ¼o"kkZ ty vkSj Hkwty nksuksa dk lap;u½ vk/kkfjr lh,lih la;a=ksa ds fy, mi;qä gSa 

A ijoyf;d xrZ lkSj laxzkgd ¼vknZz@'kq"d½ dh rqyuk esa] VhbZ,l ds çko/kku okys dsaæh; LraHk vo'kks"kd 

vk/kkfjr la;a= vis{kk—r de ,ylhvksbZ ij fo|qr vkiwfrZ dj ldrs gSaA mHkjrh lh,lih çkS|ksfxfd;ksa 

dks viukus vkSj dqN ?kVd ds Lons'khdj.k ds lkFk] ,ylhvksbZ esa 40-3% rd dh deh dh laHkkouk gSA 

,ihihlh dks gkfly djus ds fy, vko';d çksRlkgu dh lhek ¼nks@rhu çksRlkguksa ds la;kstu ds lkFk 

Hkh½ dbZ ekeyksa esa cgqr vf/kd ikbZ x;h gSA fo|qr forj.k laLFkkuksa ds fy, ,ihihlh c<+us ds lkFk] 

VhbZ,l ds çko/kku ds lkFk lh,lih la;a= }kjk forfjr fo|qr ds fy, le;&vk/kkfjr&forj.k nj yxkus 

ds çko/kku ls foÙkh; vkd"kZ.k esa dkQh lq/kkj gksus dh laHkkouk gSA 'kks/k çca/k esa çLrqr fo'ys"k.k vkSj 

ifj.kkeksa ls Hkkjr esa mu LFkkuksa dh igpku djuk laHko gS tgka lh,lih la;a=ksa esa la?kfu= dk vknZz 

'khryu laHko gSA Lons'khdj.k vkSj mHkjrh lh,lih çkS|ksfxfd;ksa dks viukus ls ,ylhvksbZ ds fo|qr 

forj.k daifu;ksa dh vkSlr fo|qr [kjhn ykxr dh rqyuk esa dkQh vf/kd gksus dh laHkkouk gS] vr% 

çkjafHkd pj.k esa mi;qä çksRlkgu mik;ksa dh vko';drk gksxhA rkih; ÅtkZ lap;d ds lkFk lh,lih 

la;a=ksa }kjk forfjr fo|qr ds fy, mfpr le;&vk/kkfjr&forj.k nj dk fu/kkZj.k bl laca/k esas çklafxd 

gksxkA 
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Nomenclature 

Symbols 

A Rainfall catchment area (m2) 

Ap Total area of CSP plant (m2) 

AC Annual cost (Million US $)  

AGW Annual groundwater (m3) 

Asf  Area of solar field (m2) 

C0 Capital cost of CSP plant (Million US $) 

Cw Amount of working capital (Million US $) 

 d Discount rate (Fraction) 

FCO2-eq CO2-eq emission factor (Fraction) 

Fd Debt in capital cost (Fraction) 

Fe Equity in capital cost (Fraction) 

fetm Cost of equipment/tools/machinery (Fraction) 

fo Cost of overheads (Fraction) 

Fvgf Viability gap fund as a fraction of capital cost (Fraction) 

GA Geographical area of a district (m2) 

GWP Groundwater potential (m3) 

Htes Hours of thermal energy storage (Hours) 

HD Heat duty of heat exchanger (MWth) 

Id Annual rate of interest on debt (Fraction) 

Iis Annual rate of interest subsidy (Fraction) 

Itax Annual rate of income tax as applicable for project developer/equity investor 

(Fraction) 

LCOE Levelized cost of electricity (US $/MWh) 

LCOEt Target value of LCOE (US $/MWh) 

m Mass of material (kg) 

n Useful life of the CSP plant (Years) 

NC Nominal capacity (MW) 

P Price of material (INR/kg) 

Rad Rate of accelerated depreciation (Fraction) 

Rceru Price of certified emission reduction unit (US$/tCO2) 

Re Annual rate of return on equity investment (Fraction) 

Rgbi Rate of generation based incentive (US$/MWh) 

Ritc Rate of investment tax credit (Fraction) 

Rptc Rate of production tax credit (Fraction) 

RF Annual rainfall (mm) 

RHP Rainwater harvesting potential (m3) 

ROC Runoff coefficient (Fraction) 

SM Solar multiple 



xvi 

 

TC Thermal capacity of solar field (MWh) 

TESC Thermal energy storage capacity (MWh) 

Wgross Gross nominal capacity (MW) 

Greek symbols 

ηpb Efficiency of power block 

ηtes Efficiency of thermal energy storage system 

Acronyms 

AD Accelerated depreciation 

APPC Average power purchase cost 

BOP Balance of plant 

CERC Central Electricity Regulatory Commission 

CERU Certified emission reduction unit 

CGWB Central ground water board 

CSP Concentrating solar power 

CTR Central tower receiver 

CUF Capacity utilization factor 

DNI Direct normal irradiance 

EPC Engineering, procurement and construction 

ET Euro trough 

FiT Fee-in-tariff 

GBI Generation based incentive 

HTF Heat transfer fluid 

INR Indian rupees 

IRENA International renewable energy agency 

IS Interest subsidy 

ITC Investment tax credit 

ITRID Income tax rebate on interest paid on debt component 

LCOE Levelized cost of electricity 

LFR Linear Fresnel reflector 

LR Learning rate 

MEIL Megha Engineering & Infrastructures Limited 

NAEO Net annual electricity output 

NC Nominal capacity 

NREL National Renewable Energy Laboratory 

NSRDB National Solar Radiation Data Base 

O&M Operation and maintenance 

PB Power block 
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PD Parabolic dish 

PTC Production tax credit 

PTSC Parabolic trough solar collector 

PV Photovoltaic 

REC Renewable energy certificate 

RPO Renewable purchase obligation 

SAM System Advisor Model 

SCA Solar collector assembly 

SGWD Stage of groundwater development 

SM Solar multiple 

TES Thermal energy storage 

ToD Time-of-delivery 

UT Ultimate trough 

VGF Viability gap funding 

WACC Weighted average capital cost 

 

 

 



 


