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Abstract 

The present study aims to assess the impact of various feasible incentives toward lowering the levelized cost of 

electricity (LCOE) of concentrating solar power (CSP) plants in India. For this purpose, two aspects (a) effect of 

increasing the extent of incentives on LCOE and (b) effect of different incentives for a given fixed government 

budgetary allocation for incentivization have been considered. 100 MW nominal capacity CSP plants with (i) wet-

cooled parabolic trough solar collector and (ii) dry-cooled central tower receiver based CSP plants with the provision 

of 6.0 h and 12.0 h of thermal energy storage (TES) have been considered. From the results, it is observed that the 

provision of incentives in the early stage of useful life of the CSP plant leads to relatively higher reduction in LCOE. 

As the CSP plants with the provision of TES can deliver electricity during peak demand periods, the break-even 

value of time-of-delivery tariff for the electricity delivered by the CSP plants has also been estimated.  

Keywords: CSP plant, financial incentives, levelized cost of electricity, thermal energy storage 

1. Introduction 

Among the two options for harnessing solar energy to produce electricity, the solar thermal route can facilitate 

relatively inexpensive thermal energy storage (TES) as compared to the storage options with photovoltaic (PV) route 

and helps in improving the dispatch ability of the electricity delivery due to variable and intermittent solar resource 

(REN21, 2021). However, presently the levelized cost of electricity (LCOE) for concentrating solar power (CSP) 

plants is much higher than that for PV power plants. Thus, several potential strategies are being explored to make 

them financially competitive as against other renewable and fossil fuel based electricity generation options (IRENA, 

2022). The prominent strategies include (a) adoption of emerging CSP technologies (Aseri et al., 2020), (b) 

indigenization of components of CSP plants (ESMAP, 2013), (c) installation of large size plants to take benefit of 

economy of scale (Aseri et al., 2022), (d) improved financing structure (Mendelsohn et al., 2012) and (e) provision 

of incentive(s) (Kulichenko and Wirth, 2011). Amongst these measures, the appropriately designed financial/fiscal 

and regulatory incentives to stimulate the deployment of renewable energy based electricity generation (including 

CSP plants) is required. Several policy measures have been taken and/or incentives have been provided in the early 

stage of deployment of renewable energy based power generation options by many countries in the world (Atalay et 

al., 2017; DESIRE, 2020; Kulichenko and Wirth, 2011; MASEN, 2021). The primary aim of these policy measures 

is to provide either direct cash grant or tax rebate to project developer(s)/investor(s) for a specified period to make 

cash flow profitable and make the projects financially viable (Aseri et al., 2020b; Parrado et al., 2016; San Miguel 

and Corona, 2018). 

In the first phase (1984-1990) of deployment of CSP plants in the Californian desert (USA), accelerated depreciation 

along with exemption from property tax was provided (SolarPACES, 2021). In the second phase (2007-2013), the 

deployment of CSP plants in Spain was stimulated with the provision of feed-in-tariff (FiT) with successful  

deployment of  49 CSP plants with total nominal capacity of 2.3 GW (Martín et al., 2015; Lilliestam et al., 2017). In 

the third phase, after the year 2013,  incentives such as production and investment tax credits for equity investors 

and benefits of selling certified emission reduction units and/or renewable energy certificates have been provided 

(Abolhosseini and Heshmati, 2014; Madaeni et al., 2012; Malagueta et al., 2013; Sioshansi and Denholm, 2010) to 

promote the diffusion of CSP plants.  

From the literature review, it was observed that specific studies pertaining to impact assessment of incentives for 

large scale dissemination of CSP plants has not been reported in Indian context. In order to design and implement 

appropriate incentivizing strategies for CSP based electricity generation in India, it would be highly insightful and 

useful to assess the impact of different potential incentives on the LCOE. In view of this, as a preliminary attempt (i) 

the effect of an increase in the extent of incentive on the LCOE has been studied and (ii) for a given fixed budget 

allocated by the government for incentivization, the maximum possible extent of each incentive and consequently its 
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impact on the LCOE have been estimated. Since, unlike the case of  PV and wind power plants, the CSP plants with 

TES can deliver electricity during peak demand periods, the break-even value of time-of-delivery tariffs for the 

electricity delivered have also been estimated.  

2. Methodology 

 
The location of Mandla, in the state of Madhya Pradesh was selected out of the potential locations identified in India 

for the deployment of CSP plants by Sharma et al. (2015) based on an annual threshold value of direct normal 

irradiance. 100 MW nominal capacity wet-cooled parabolic trough solar collector (PTSC) based and dry-cooled 

central tower receiver (CTR) based CSP plants with the provision of 6.0 and 12.0 hours of TES are considered for 

the analysis (Aseri et al., 2020a). A schematic of the methodology adopted in the study is presented in Fig. 1. The 

detailed procedure of the same is presented in the following paragraphs. 

 

Fig. 1 Methodology  for assessing impact of different incentives on LCOE and estimation of time-of-delivery tariff 

Estimation of LCOE  

The following expression is used to estimate the value of LCOE  and the same allows to consider the time variation 

in the annual cost to be incurred in the project as well in the net annual electricity output delivered by the project. 

𝐿𝐶𝑂𝐸 (𝑈𝑆 $ 𝑀𝑊ℎ⁄ ) = (
𝑑(1 + 𝑑)𝑛

(1 + 𝑑)𝑛 − 1
) × ∑

𝐴𝐶𝑖 × (1 + 𝑑)−𝑖

𝑁𝐴𝐸𝑂𝑖 × 103

𝑛

𝑖=1

 (Eq. 1) 
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The annual cost (ACi) of ith year comprises of annual cost of operation and maintenance of the plant, amount of 

interest on working capital, annual amount of return on equity and amount of annual loan repayment including the 

principal component and the interest on the loan. Moreover, monetary incentives available to the project have also 

been internalized as negative costs while estimating the annual cost. The effective annual cost (AC) for the plant is 

estimated as : 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡

= [
𝐶𝑜𝑠𝑡 𝑜𝑓 𝑂&𝑀

𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔
𝑒𝑠𝑐𝑎𝑙𝑎𝑡𝑖𝑜𝑛

] + [

𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑜𝑛 
𝑤𝑜𝑟𝑘𝑖𝑛𝑔 
𝑐𝑎𝑝𝑖𝑡𝑎𝑙

] + [
𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 

𝑒𝑞𝑢𝑖𝑡𝑦
 𝑡𝑜 𝑖𝑛𝑣𝑒𝑠𝑡𝑜𝑟

] + [

𝐿𝑜𝑎𝑛 𝑟𝑒𝑝𝑎𝑦𝑚𝑒𝑛𝑡 
𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔 
𝑝𝑟𝑖𝑛𝑐𝑖𝑝𝑎𝑙 

𝑎𝑛𝑑 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 

]

− [
𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒 𝑚𝑜𝑛𝑒𝑡𝑜𝑟𝑦 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 

𝑑𝑢𝑒 𝑡𝑜 𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒(𝑠)
] 

(Eq. 1) 

In the present study, the discount rate (d) has been estimated as the weighted average cost of capital (WACC) for the 

project using the following expression: 

𝑑 = WACC = 𝐼𝑑𝐹𝑑 + 𝑅𝑒𝐹𝑒 (Eq.3) 

The net annual electricity output (NAEO) and other performance metrics for the CSP plants considered in the study, 

have been estimated using System Advisor Model (SAM, 2021). The hourly values of weather data for Mandla have 

been obtained from the National Solar Radiation Data Base, NREL, USA (NSRDB, 2018).  

With the use of inventory of materials based approach proposed by authors (Aseri et al., 2020b), the capital costs of 

PTSC and CTR based CSP plants have been estimated. To decide the applicable values of financial parameters for 

the CSP plants, corresponding values as suggested by the CERC (Central Electricity Regulatory Commission, 

Government of India), have been considered (CERC, 2020) and the same are presented in Tab. 1. A spread sheet 

(Microsoft Excel) model has been developed to estimate the annualized cost, extent of incentive and subsequently 

their effect in reducing the LCOE. Assumptions made for assessing the efficacy of the incentives considered in the 

study are presented in Tab. 2. 

Tab. 1. Values of financial parameters considered in the present analysis (CERC, 2020) 

Financial parameter Unit Value 

Share of debt: equity fraction 0.7:0.3 

Debt repayment (loan) term Years 15 

Annual rate of Interest rate on debt fraction 0.0967 

Annual rate of return on equity fraction 0.14 

Discount rate fraction 0.1097 

Annual rate of income tax  fraction 0.35 

Amount of working capital 
- One-month O&M, 15% of O&M for 

spares, 2 months receivables 

Annual rate of interest on working capital fraction 0.1117 

Annual rate of depreciation for loan term fraction 0.0467 

Annual rate of depreciation after loan term fraction 0.02 

Annual cost of operation and maintenance US$/MW 31550 

Annual rate of escalation in operation and 

maintenance cost 

fraction 
0.0572 

Salvage value (as a fraction of the capital cost) at the 

end of useful life 
fraction 0.10 

Useful life of the plant Years 30 

Extent of incentives 

While assessing the effect of increasing the extent of incentives on LCOE, the values for each incentive is selected  

based on literature and the same are presented in Tab. 3 (Aryani et al., 2020; Comello and Reichelstein, 2016; Ozcan, 

2014; Thapar et al., 2016). 

In order to assess the efficacy of incentives in lowering the LCOE, it is assumed that the government of India is 

willing to contribute financial support equivalent to a certain fraction of the capital cost for providing any of the four 

incentives indicated in Fig. 1. As an example, noting the fact that 30% investment tax credit was provided in the 

USA for rooftop PV plants (Comello and Reichelstein, 2016; DOE, 2021), the same value has been considered in  
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the present study to decide the amount of government funds that can be used for the incentivization of CSP plants in 

India through any of the incentives considered in the study. It is worth mentioning that to estimate the value of 

reduced LCOE due to the provision of the incentive considered, an iterative procedure has been used for the cases of 

interest subsidy, generation based incentive and production tax credit and the same is presented in Fig. 2. 

 

Tab. 2. Assumptions made  for studying the impact of incentives on the LCOE 

Incentive Assumption 

Viability gap funding Affects both the debt and equity components in 0.7:0.3 ratio 

Interest subsidy Affects only the loan repayment component 

Generation based incentive Provided for the entire useful life of the CSP plant 

Production tax credit Benefits of PTC shall be applicable for the first ten years of the useful life of 

the CSP plant 

Certified emission reduction 

unit 
− Benefits of CERU shall be applicable for the entire useful life of the CSP 

plant 

− The mean of the weighted average rate of CO2-eq emissions of the past 

three years (2018-19, 2019-20 and 2020-21) in India for arriving at a value 

of  0.81 tCO2/MWh  for use in the study (CEA, 2022) 

 

 

Tab. 3 Range of values of individual incentives considered in the study for assessing  their effect on  LCOE (Aryani et al., 2020; 

Comello and Reichelstein, 2016; Ozcan, 2014; Thapar et al., 2016) 

Incentive Unit Value(s) considered in the 

analysis 

Viability gap funding % of capital cost 5, 10, 15, 20, 30, 35 

Interest subsidy % 1, 2, 3, 4, 5, 6, 7, 8 

Generation based incentive US$/MWh 5, 10, 15, 20, 25, 30, 40, 45 

Production tax credit US$/MWh 5, 10, 15, 20, 25, 30, 40, 45 

Certified emission reduction unit US$/tCO2 10, 20, 30, 40, 50, 60, 70, 80, 90 

 

Provision of time-of-delivery (ToD) tariff for CSP plants 

The provision of TES in CSP plants can improve their dispatch ability and thus the plants can deliver electricity 

during the period of higher/peak demand besides enabling them to supply electricity during off-sunshine hours. 

Moreover,  CSP plants with TES can supply electricity without introducing any grid stability issues. However, since 

the CSP plants with TES are relatively costlier than the plant without TES, a provision of time-of-delivery tariff for 

the electricity delivered by CSP plants at the time of higher demand of electricity may help to improve their financial 

attractiveness. In India, several electricity distribution utilities have adopted the ToD tariff in the form of 

surcharge/rebate on the base tariff for commercial users demanding load of more than 20kW and a summary of 

annual variation of tariff in states of India is presented in Fig. 3. The distribution utilities are applying surcharges 

during morning and evening peak demand periods and offering rebate during off-peak hours on the base tariff. In 

view of this, in the present study, it is assumed that during off-peak hours, the applicable tariff for electricity delivered 

by the CSP plants will be equal to average power purchase cost (APPC) of state electricity distribution utilities of 

Madhya Pradesh. The mean of APPC for last three financial years 2019-20 to 2020-22 has been estimated at US 

$50.9 per MWh (MPERC, 2022, 2021, 2020) and the same has been considered as a base tariff during off-peak hours 

(Tab. A.1 of Appendix A). The values of tariffs during the peak demand period, which would ensure the break-even 

condition for the CSP plants also have been estimated. 
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Fig. 3 Variation of surcharge/rebate in the electricity tariff imposed by different states regularities in India 

3. Results and discussion 

Using inventory of materials based approach, the capital costs of wet-cooled PTSC based CSP plants with 6.0 h and 

12.0 h of TES are estimated at US $366.08 million and US $519.75 million respectively. The corresponding values 

for dry-cooled CTR based plants are estimated at US $346.96 million and US $486.03 million. As expected, with an 

increase in capacity of TES, the capital cost increases but due to higher incremental benefits than the incremental 

cost, the LCOE decreases that shows the presence of economy of scale with respect to the thermal energy storage 

capacity of the CSP plant. The effect of economy of scale is observed to be higher for CTR based plants as compared 

to PTSC based plants. Considering financial parameters (Tab. 1), the estimate of base LCOE for CTR based plant 

with 12.0 h of TES (US$100.5/MWh) is lower by 3.9% than that of plant with 6.0 h of TES (US $104.6/MWh). 

However, in PTSC based plants, the effect of economy of scale is observed to be only marginal as the values of base 

LCOE are very close and estimated at US$112.8/MWh and US$112.3/MWh for 6.0 h and 12.0 h of TES, respectively. 

With the assumed range of different incentives, the values of LCOE and the cumulative present value of incentives 

provided each year have been estimated and are summarized in  

 for dry-cooled CTR based CSP plant with 6.0 hours of TES. Similar exercises have also been carried out for other 

CSP plants considered in the study. From the results obtained, it is observed that, as expected,  with an increase in 

the extent of incentive, the LCOE decreases and the cumulative present value of amount required for incentivization 

increases. While comparing the amount of incentive required for the plants based on two different CSP technologies 

and two TES capacities, it may be observed that CTR based plants with 6.0 hours of TES requires least financial 

support.  

As mentioned earlier, an attempt to assess the efficacy of individual incentives for a given fixed budget for 

incentivization allocated by the government has also been made and it is proposed that the Indian government shall 

contribute (Cfund) 30% of the capital cost of CSP plant. For this purpose, the capital costs of CTR based CSP plants 

have been considered as the same is lower than the capital cost of PTSC based CSP plants and the same are estimated 

US $104.1 million and US $145.8 million for CSP plants with 6.0 h and 12.0 h of TES, respectively. Using these 

values and following the iterative procedure, the maximum extent of each incentive and reduction in LCOE are 

estimated and the results are presented in Tab. 5. Fig. 4 represents the achieved percentage reduction in LCOE with 

the provision of incentives. From the results obtained, it can be observed that for a given fixed budget allocated by 

the government for incentivization in terms of viability gap funding, the LCOE can be reduced in the range of 26.4-

28.2% from the base value of LCOE. The other incentives considered in the study such as interest subsidy (soft loan), 

generation based incentive and production tax credit are equally effective and can reduce the LCOE in the range of 

25.8-27.5% from the based value of LCOE. Results also reveal that for a given fixed budget by the government, the 

LCOE of CTR based plants reduces by a somewhat greater extent as compared to the reduction likely to be achieved 

in the LCOE of PTSC based plants.   
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Tab. 5 Effect of different incentives on LCOE (for the same budgetary allocation by the government for incentivization) 

Modality Unit 

6.0 h TES 12.0 h TES 

PTSC 

wet 

CTR 

dry 

PTSC 

wet 

CTR 

dry 

Capital cost of CSP plant Million US$ 366.08 346.96 519.75 486.03 

NAEO GWh 411.3 422.2 576.5 605.4 

Capacity utilization factor fraction 0.470 0.482 0.658 0.691 

Annual water requirement m3 1301745 105690 1792380 151073 

Base LCOE US$/MWh 112.8 104.6 112.3 100.5 

Proposed contribution from government Million US$ 104.1 145.8 

Viability 

gap funding 

Feasible extent of VGF % 28.4 30.0 28.1 30.0 

LCOE with VGF US$/MWh 83.1 75.7 82.6 72.2 

Interest 

subsidy 

Allowable extent of interest subsidy  % 8.57 9.05 8.46 9.04 

Reduced interest rate % 1.10 0.62 1.21 0.63 

LCOE with interest subsidy US$/MWh 83.8 76.4 83.3 72.9 

Generation 

based 

incentive 

Allowable extent of GBI US$/MWh 29.0 28.3 29.0 27.6 

LCOE with GBI US$/MWh 83.8 76.3 83.3 72.9 

Production 

tax credit 

Extent of PTC US$/MWh 42.9 41.8 42.9 40.8 

LCOE with PTC US$/MWh 83.8 76.3 83.3 72.9 

 

 

Fig. 4 Estimated reduction in LCOE for a given fixed budget for incentivization allocated by the  government to CSP plants 

 

As mentioned earlier, a preliminary attempt has also been made to estimate the break-even values of ToD tariffs for 

the electricity delivered by CSP plants with the provision of TES considering the base tariff at US $50.9/MWh during 

off-peak hours and the results of the same are presented in Tab. 6. The estimated values of ToD tariffs that would 

ensure a break-even condition for PTSC-wet and CTR-dry plants with 6.0 hours of TES are US $174.7/MWh and 

US $158.3/MWh respectively. For CSP plants with 12.0 hours of TES, the corresponding values of required ToD 

tariffs are estimated at US $143.0/MWh and US $125.3/MWh. 
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Tab. 6. Estimates of break-even values of electricity for PTSC and CTR based CSP plants during the peak demand  

CSP plant 

Hours 

of 

TES 

Duration 

of non-

peak 

demand 

of 

electricity 

in a day 

(Hours) 

Duration 

of peak 

demand 

of 

electricity 

in a day 

(Hours) 

Total 

duration of 

electricity 

delivered by 

the plant in 

a day 

(Hours) 

Capital 

cost 

(Million 

US$) 

NAEO 

(GWh) 

LCOE 

(US$/ 

MWh) 

ToD 

tariff 

(US 

$/MWh) 

PTSC-wet 
6.0 6.0 6.0 12.0 366.08 411.3 112.8 174.7 

12.0 6.0 12.0 18.0 219.75 576.5 112.3 143.0 

CTR-dry 
6.0 6.0 6.0 12.0 346.96 422.2 104.6 158.3 

12.0 6.0 12.0 18.0 486.03 605.4 100.5 125.3 

4. Concluding remarks 

The present study aims to identification of effectiveness of incentives for CSP plants in India to make them financially 

competitive. For this purpose, 100 MW CSP plants based on two CSP technologies (i.e., PTSC and CTR), two 

condenser cooling options (i.e., wet cooling in PTSC and dry cooling in CTR based plants) and two capacities of 

thermal energy storage (i.e., 6 hours and 12 hours) have been considered. The techno-economic performance has 

been undertaken for CSP plants at Mandla (Madhya Pradesh) using SAM and financial parameters expected to be 

applicable in Indian perspective.  

As expected from the results obtained, it is observed that with an increase in the extent of an incentive, the LCOE 

decreases. The viability gap funding can reduce the LCOE by higher amount at lower cost to the government. 

Amongst the four plants, dry-cooled CTR based CSP plant with 6.0 hours of TES required the least amount of 

incentive. 

While assessing the efficacy of incentives for a given fixed budget allocated by the government, it is noted that by 

providing viability gap funding the LCOE can be reduced in the range of 26.4-28.2% from the base value of LCOE. 

The other incentives considered in the study such as interest subsidy (soft loan), generation based incentive, and 

production tax credit are equally effective and can reduce the LCOE in the range of 25.8-27.5% from the based value 

of LCOE.  

Considering base tariff (US$ 50.9/MWh) during non-peak demand of electricity, the time-of-delivery tariffs for CSP 

plants with 6.0 hours of TES are estimated at US $174.7/MWh and US $158.3/MWh for PTSC and CTR based plants 

respectively. The corresponding values for CSP plants with 12.0 hours of TES have been estimated at US 

$143.0/MWh and US $125.3/MWh.  
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Appendix A 
Nomenclature 

Symbols 

AC Annual cost (Million US$) 

Cfund Public/government fund (Million US$) 

d Discount rate (Fraction) 

Fd Share of debt (Fraction) 

Fe Share of equity (Fraction) 

Id Interest rate on debt (Fraction) 

Iis Interest rate on loan (Fraction) 

n Useful life of CSP plant (Years) 

NAEO Net annual electricity output (GWh) 

PVgbi Cumulative present value of annual cost of GBI 

 (Million  US$) 

PVis Cumulative present value of annual cost of 

 interest paid on loan (Million US$) 

PVptc Cumulative present value of annual cost of PTC 

 (Million  US$) 

Re Rate of return on equity (Fraction) 

Abbreviations 

CERU Certified emission reduction unit 

CSP Concentrating solar power 

CTR Central tower receiver 

FiT Feed-in-Tariff 

GBI Generation based incentives 

IS Interest subsidy 

LCOE Levelized cost of electricity 

O&M Operation and maintenance 

PTC Production tax credit 

PTSC Parabolic trough solar collector 

PV Photovoltaic 

REC Renewable energy certificate 

RPO Renewable purchase obligation 

SAM System Advisor Model 

TES Thermal energy storage 

ToD Time-of-delivery 

VGF Viability gap funding 

WACC Weighted average capital cost 

 
Tab. A.1 Estimates of average unit cost of electricity for the state of Madhya Pradesh for the financial years 2019-20 to 2021-22 

(MPERC, 2022, 2021, 2020) 

Financial Year 

Average power 

purchase cost 

(INR/kWh) 

Conversion rate 

1 US$ to INR#  

Average power 

purchase cost 

(US$/kWh) 

2019-20 3.99 70.88 56.3 

2020-21 3.43 74.20 46.2 

2021-22 3.74 74.51 50.2 

Mean of average power purchase cost (US$#/MWh) → 50.9 

# (FBIL, 2022) 
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