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ABSTRACT 

 
Climate change has been identified as the one of the greatest challenges encountered by human 

civilization in recent times. An effective instrument to promote sustainable development and mitigate 

greenhouse gas emissions is use of renewable energy. The deployment of renewable technologies has 

progressed remarkably since the last decade, spurred by innovation, competition and policy support, with 

the total capacity crossing 1000 GW at the end of 2017, comprising about 540 GW of wind and 400 GW 

of solar assets. Despite the significant progress made in terms of capacity deployment, their actual 

contribution in terms of energy supply is not large enough to make any meaningful impact. Moreover, 

their growth has been non-homogenous across regions, with spatial and temporal variations seen in terms 

of capacity deployment, which may be on account of factors attributed to policies, technologies and 

associated socio-economic and commercial aspects. 

Though there exists a significant body of academic work analyzing renewable energy policies, the 

literature lacks studies assessing the impact of non-policy variables on the growth of solar and wind 

power sectors; the research gap is all the more acute in Indian context. These gaps throw up certain 

questions which need a deeper assessment - Which drivers influenced the growth of wind and solar power 

sectors? What are the reasons for variation in wind deployment across Indian states? Which national and 

local factors influenced the outcome of solar auctions in India? What are the views of sector experts with 

respect to the growth drivers as well as barriers? What kind of measures can ensure sustainable growth of 

wind and solar power sectors? 

To answer these questions, a comprehensive study has been conducted using both primary and secondary 

data techniques. For the international analysis, focusing on Germany, India, Japan and the United States, 

(which are among the top five countries in terms of renewable capacity deployment) panel data has been 

utilized to identify key determinants impacting wind and solar power sectors. Likewise, the Indian wind 

sector has been examined using panel data for the six windy states, followed by a region-wise assessment, 
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while the Indian solar sector has been analyzed using multivariate regression of data pertaining to 

auctions related to utility-scale projects. Secondary research has been validated by primary survey of 

Indian experts in order to harmonize the findings and come out with appropriate recommendations.  

The international study found wind driven by energy security issues, while solar majorly driven by 

commercial factors like ease of business and module prices; any sudden disruption in policy resulted in 

boom-bust cycles. It found a muted impact of wind and solar addition on GHG emissions, possibly due to 

continued dominance of fossil fuels, with a high share of non-electricity form of energy usage, coinciding 

with a decline in generation of nuclear power in Germany and Japan.  

With regard to the Indian wind sector, the study found its growth displaying temporal and spatial variance 

across the six windy states, possibly due to the influence of several local factors. In the panel regression, 

creditability of utilities reflected as a significant factor due to perceived risks of power curtailment and 

payment delays. The average procurement cost (APPC) also reflected as a key driver as a high differential 

between feed-in tariff (FIT) and APPC biased utilities from off-taking wind power. Quantum of FIT came 

as a marginal factor as regulators cap returns on investment (with lower tariff being offered in areas with 

high wind velocities). Percentage of wind potential harnessed in a state reflected negatively due to 

saturation of good sites. Roads, required for moving large size machinery, came out as a key infra 

variable. Disaggregated analyses revealed variations in some of the drivers across states.  

Solar capacity targets and RPO came out as key drivers in the analysis of Indian solar auctions due to a 

strong policy thrust; as in wind, performance of utilities echoed loudly. Module prices reflected 

moderately due to plateauing in their price decrease and their declining share in the project cost. The 

analysis showed tender spacing of four months or more leading to maximum tariff reductions. In the 

primary survey of Indian experts, wind FIT and GBI as well as solar auctions and solar park were marked 

as key policy instruments. Commercial variables like cost of funds and equipment price as well as 

utility’s credentials also got high scores for both these sectors.  
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The study came out with some recommendations (1) Consistency in policies with a defined long-term role 

of energy resources (2) Improvement in parameters related to business environment and market strategies 

for utilities (3) Facilitating inter-regional trade of green power and tariff rationalization across consumers 

(4) Spatially and temporally spaced tenders for allocating large contracts (5) Aggregation of energy 

demand under different usage formats like heating, transportation and power generation  

The study adds to the existing literature in terms of highlighting the influence of local factors and non-

policy variables on the growth of wind and solar power sectors in India, with a convergence observed 

across both primary and secondary techniques. The recommendations may be perused to address the 

current and emerging challenges faced by the wind and solar power sectors and accelerate their 

deployment towards meeting the sustainable development goals as well as climate targets. 



सार 

जलवाय ुपररवर्तन को हाल के दिनों में मानव सभ्यर्ा के सामने सबसे बड़ी चनुौतर्यों में से एक के रूप में 
पहचाना गया है। सर्र् ववकास को बढावा िेने और ग्ऱीनहाउस गैस उत्सजतन को कम करने के ललए एक प्रभाव़ी 
साधन अक्षय ऊजात का उपयोग है। नव़ीकरण़ीय प्रौद्योगगककयों की र्ैनाऱ्ी वपछले िशक से उल्लेखऩीय रूप 

से आगे बढ़ी है, 2017 के अंर् में कुल क्षमर्ा 1000 GW को पार करने के साथ नवाचार, प्रतर्स्पधात और ऩीतर् 

समथतन से प्रेररर् है, जजसमें 540 GW की पवन और 400 GW की सौर संपजत्र् शालमल है। क्षमर्ा पररतनयोजन 

के संिभत में की गई महत्वपूणत प्रगतर् के बावजूि, ऊजात आपूतर्त के संिभत में उनका वास्र्ववक योगिान कोई 

साथतक प्रभाव डालने के ललए पयातप्र् नह़ी ंहै। इसके अलावा, उनकी ववृि क्षेत्रों में गैर-समरूपर्ा रह़ी है, जजसमें 
क्षमर्ा की र्ैनाऱ्ी के संिभत में स्थातनक और लौककक ववववधर्ाओं को िेखा गया है, जो ऩीतर्यों, 
प्रौद्योगगककयों और संबि सामाजजक-आगथतक और वाणणजययक पहलुओं के ललए जजम्मेिार कारकों के कारण 

हो सकर्ा है। 

यद्यवप अक्षय ऊजात ऩीतर्यों का ववश्लेषण करने वाले शैक्षणणक कायों का एक महत्वपूणत तनकाय है, सादहत्य 

में सौर और पवन ऊजात क्षेत्रों के ववकास पर गैर-ऩीतर् चर के प्रभाव का आकलन करने वाले अध्ययनों का 
अभाव है; अनुसंधान का अरं्र भारऱ्ीय संिभत में अगधक ऱ्ीव्र है। इन अरं्रालों से कुछ ऐसे प्रश्न सामने आर्े 
हैं जजनकी गहराई से मूल्यांकन की आवश्यकर्ा होऱ्ी है - कौन से ड्राइवरों ने पवन और सौर ऊजात क्षेत्रों के 

ववकास को प्रभाववर् ककया? भारऱ्ीय राययों में पवन र्ैनाऱ्ी में लभन्नर्ा के क्या कारण हैं? भारर् में सौर 

ऩीलाम़ी के पररणाम ने ककन राष्ट्ऱीय और स्थाऩीय कारकों को प्रभाववर् ककया? ववकास के साथ-साथ बाधाओं 
के संबंध में क्षेत्र के ववशषेज्ञों के ववचार क्या हैं? ककस र्रह के उपायों से पवन और सौर ऊजात क्षेत्रों की सर्र् 

ववृि सुतनजश्चर् हो सकऱ्ी है? 

इन सवालों का जवाब िेने के ललए, प्राथलमक और माध्यलमक डटेा र्कऩीकों िोनों का उपयोग करके एक 

व्यापक अध्ययन ककया गया है। अरं्रराष्ट्ऱीय ववश्लेषण के ललए, जमतऩी, भारर्, जापान और संयुक्र् रायय 

अमेररका पर ध्यान कें दिर् कर रहे हैं, (जो अक्षय क्षमर्ा पररतनयोजन के मामले में श़ीषत पांच िेशों में शालमल 

हैं) पैनल डटेा का उपयोग पवन और सौर ऊजात क्षेत्रों को प्रभाववर् करने वाले प्रमुख तनधातरकों की पहचान करने 
के ललए ककया गया है। इस़ी र्रह, भारऱ्ीय पवन क्षेत्र की जांच छह पवन राययों के ललए पैनल डटेा का उपयोग 

करके की गई है, इसके बाि एक क्षेत्र-वार मूल्यांकन ककया गया है, जबकक उपयोगगर्ा-पैमाने की पररयोजनाओ ं

से संबंगधर् ऩीलाम़ी से संबंगधर् डटेा के बहुलभन्नरूप़ी प्रतर्गमन का उपयोग करर् ेहुए भारऱ्ीय सौर क्षेत्र का 
ववश्लेषण ककया गया है। तनष्ट्कषों का सामंजस्य बनाने और उगचर् लसफाररशों के साथ बाहर आने के ललए 

भारऱ्ीय ववशषेज्ञों के प्राथलमक सवेक्षण द्वारा माध्यलमक अनुसंधान को मान्य ककया गया है। 



अरं्रराष्ट्ऱीय अध्ययन में पवन ऊजात ऊजात के मुद्दों से संचाललर् पाया गया, जबकक सौर प्रमुख रूप से 
व्यावसातयक कारकों द्वारा संचाललर् होर्ा है जैस ेव्यापार और मॉड्यूल की कीमर्ों में आसाऩी; ऩीतर् में 
ककस़ी भ़ी अचानक व्यवधान के कारण बूम-बस्ट साइककल बन गई। यह ज़ीएचज़ी उत्सजतन पर पवन और 

सौर के अतर्ररक्र् प्रभाव का एक मौन प्रभाव पाया गया, संभवर्ः ज़ीवाश्म ईंधन के तनरंर्र वचतस्व के कारण, 

ऊजात उपयोग के गैर-बबजल़ी के एक उच्च दहस्से के साथ, जमतऩी और जापान में परमाणु ऊजात के उत्पािन में 
गगरावट के साथ। 

भारऱ्ीय पवन क्षेत्र के संबंध में, अध्ययन में पाया गया कक इसकी ववृि छह हवा वाले राययों में अस्थाय़ी और 

स्थातनक ववचरण दिखाऱ्ी है, संभवर्ः कई स्थाऩीय कारकों के प्रभाव के कारण। पैनल के प्रतर्गमन में, 
उपयोगगर्ाओं की साख शजक्र् ववचलन और भुगर्ान िेऱी के कगथर् जोणखमों के कारण एक महत्वपूणत कारक 

के रूप में पररलक्षक्षर् होऱ्ी है। औसर् खऱीि लागर् (APPC) भ़ी फीड-इन टैररफ (FIT) और APPC पक्षपाऱ्ी 
उपयोगगर्ाओं के ब़ीच ऑफ-टेक ववडं पावर से उच्च अंर्र के रूप में एक प्रमुख चालक के रूप में पररलक्षक्षर् 

होऱ्ी है। एफआईट़ी की मात्रा स़ीमांर् कारक के रूप में आय़ी, जजसमें तनवेश पर कैवपटल कैप ररटनत (उच्च 

पवन वेग वाले क्षेत्रों में कम टैररफ की पेशकश के साथ) था। एक रायय में हवा की संभाववर् क्षमर्ा का प्रतर्शर् 

अच्छी साइटों की संर्जृप्र् के कारण नकारात्मक रूप से पररलक्षक्षर् होर्ा है। बड ेआकार की मश़ीनऱी को 
स्थानांर्ररर् करने के ललए आवश्यक सडकें , एक महत्वपूणत इन्रा वेररएबल के रूप में सामने आईं। अलग-

अलग ववश्लेषणों से राययों में कुछ ड्राइवरों में लभन्नर्ाएं सामने आईं। 

सौर क्षमर्ा लक्ष्य और आरप़ीओ एक मजबूर् ऩीतर् के कारण भारऱ्ीय सौर ऩीलालमयों के ववश्लेषण में प्रमुख 

चालकों के रूप में सामने आए; हवा के रूप में, उपयोगगर्ाओं का प्रिशतन जोर से गूंज उठा। मॉड्यूल की कीमर्ों 
में मामूल़ी रूप से पररलक्षक्षर् होने के कारण उनकी कीमर् में कम़ी और पररयोजना लागर् में उनकी गगरावट 

का दहस्सा है। ववश्लेषण ने चार मह़ीने या उससे अगधक के टेंडर ररजक्र् को अगधकर्म टैररफ में कम़ी के ललए 

दिखाया। भारऱ्ीय ववशषेज्ञों के प्राथलमक सवेक्षण में, पवन एफआईट़ी और ज़ीब़ीआई के साथ-साथ सौर 

ऩीलालमयों और सौर पाकत  को प्रमुख ऩीतर् उपकरणों के रूप में गचजननर् ककया गया था। कमलशतयल वैररएबल 

जैस ेकॉस्ट ऑफ फंड्स और इजक्वपमेंट प्राइस के साथ-साथ यूदटललट़ी के के्रडेंलशयल्स को भ़ी इन िोनों सेक्टसत 
के ललए हाई स्कोर लमले। 

अध्ययन में कुछ लसफाररशों के साथ सामने आया (1) ऊजात संसाधनों की पररभावषर् ि़ीर्तकाललक भूलमका के 

साथ ऩीतर्यों में जस्थरर्ा (2) उपयोगगर्ाओं के ललए व्यावसातयक वार्ावरण और बाजार की रणऩीतर्यों से 
संबंगधर् मापिंडों में सुधार (3) हररर् शजक्र् के अरं्र-क्षेत्ऱीय व्यापार को सुगम बनाना और उपभोक्र्ाओ ंके 

ब़ीच टैररफ युजक्र्करण (4) स्थातनक और अस्थाय़ी रूप से बड ेआवंटन के ललए तनवविाएं 



vi 
 

TABLE OF CONTENTS 

-------------------------------------------------------------------------------------------------------------------- 

CONTENTS          Page No. 

-------------------------------------------------------------------------------------------------------------------- 

Certificate          i 

Acknowledgements         ii 

Abstract          iii 

List of Figures         xiii 

List of Tables          xix 

List of Appendices         xxi 

Abbreviations          xxii 

 

Chapter 1: Introduction        1-27    

1.1 Background        1 

1.2 Overview: Global Renewable Energy Scenario   4 

1.3 Overview: Indian Renewable Energy Sector    10 

1.3.1 Wind Power in India      14 

1.3.2 Solar Power in India      16 

1.4 Significance of Study       18 

1.5 Research Problem and Issues      20 

1.6 Research Domain       21 

1.6.1 Period of Study      21 

1.6.2 Focus Geographies- Global Study    21 

1.6.3 Focus Geographies- Indian Study    22 

1.6.4 Primary Survey - Indian Experts    22 

1.7 Basic Concepts Used in the Research     23 



vii 
 

1.8 Organization of the Thesis      25 

1.9 Concluding Remarks       27 

 

Chapter 2: Review of Literature      28-50 

2.1 Introduction        28 

2.2 Literature Selection       28 

2.3 Literature Reviewed       29 

2.3.1 Review: Global Wind & Solar Power Sectors -  29    

Secondary Analysis  

2.3.2 Review: Indian Wind & Solar Power Sectors -   41 

Secondary Analysis 

2.3.3 Review: Indian Wind & Solar Power Sectors -  44 

Primary Analysis   

2.4 Gaps in the Literature       46 

2.4.1 Select Country Study      46 

2.4.2 Indian Assessment      48 

2.4.3 Summary: Gaps in Literature     49 

2.5 Concluding Remarks       50  

 

Chapter 3: Research Methodology     51-81 

3.1 Introduction        51 

3.2 Objectives of the Study      53 

3.3 Hypotheses of the Study      54 

3.4 Research Design       54 

3.5 Research Tools and Techniques     56 

3.5.1 Introduction       56 

3.5.2 Panel Data       56 



viii 
 

3.5.3 Panel Regression Models     58 

3.6 Tools and Techniques used in our Analysis    59 

3.6.1 International Analysis (4-Country Study)   60 

3.6.2 National Analysis – Wind Power    60    

3.6.3 Suitability of Technique–Fixed effects Panel Regression 61 

3.6.4 Solar Auctions India – Multivariate Regression  65 

3.6.5 Expert Survey and Analysis     67 

3.6.6 Charts and Graphs      69 

3.6.7 Disaggregate Analysis     70 

3.7 Data Collection       73 

 3.7.1 Secondary Data      73 

3.7.2 Primary Data       79 

3.7.3 Journals and Reports      80 

3.8 Software Tools       80 

3.9 Scope of the study       80 

3.10 Concluding Remarks       81 

 

Chapter 4: Factors Influencing Growth of     82-138 

Wind and Solar Power Sectors - Four Country Study  

4.1 Introduction        82 

4.2 Country Wise Overview - Wind and Solar Power Sectors   89   

4.2.1 Germany       89 

4.2.2 Japan        96 

4.2.3 United States       100 

4.2.4 India        105 

4.3 Variables        110 

 4.3.1 Discussions on Variables     111 



ix 
 

4.4 Methodology and Data Sources     117 

 4.4.1 Statistical Equation      117 

4.5 Results and Discussions      121 

4.5.1 Wind Sector Assessment     123 

4.5.2 Solar Sector Assessment     131 

4.6 Concluding Remarks        137 

 

Chapter 5: Wind Power Growth in India- Key Determinants 139-198 

5.1 Introduction        139 

5.2 Wind Power Sector in India      142  

5.2.1 Overview: Indian Power Sector    142 

5.2.2 Overview: Indian Wind Energy Policy Structure  147 

5.2.3 Wind Power Development in India    152 

5.3 Need for the Study       154 

5.4 Variables        159 

5.4.1 Discussions on Variables     161 

5.5 Model and Data Sources      172  

 5.5.1 Statistical Equation      173 

5.6 Results and Discussions - Overall Analysis    177 

 5.6.1 Policy Variables      180 

 5.6.2 Economic and Infrastructural Variables   183 

 5.6.3 Energy Variables      184 

 5.6.4 Technical Variables      185 

 5.6.5 Commercial Variables     185 

5.7 State-Wise Analysis       187 

 5.7.1 Group-I: Rajasthan and Madhya Pradesh   187 

5.7.2 Group-II: Maharashtra and Gujarat    190 



x 
 

5.7.3 Group-III: Karnataka and Tamil Nadu   193 

5.8 Concluding Remarks       197 

 

Chapter 6: Indian Solar Power Sector - Analysis of Auctions 199-232 

6.1 Introduction        199 

6.2 Indian Solar Power Sector - Overview and Policy Instruments 203   

6.3 Variables        208 

6.3.1 Discussion on Dependent Variables    210 

6.3.2 Discussion on Independent Variables    210 

6.4 Model and Data Sources      215 

6.4.1 Statistical Equation      216 

6.5 Results and Discussions       220  

6.5.1 Analysis – All 32 Tenders     220  

 6.5.1.1 Geographic Variables     221 

 6.5.1.2 Policy Variables     222 

 6.5.1.3 Economic Variables     223 

 6.5.1.4 Energy Variables     223 

 6.5.1.5 Commercial Variables    225 

 6.5.1.6  Bid Variables     228 

6.5.2 Analysis – 20 Federal Bids     229 

6.6 Concluding Remarks       232 

 

Chapter 7: Expert Survey - Drivers for India’s Wind and   233-280  

Solar Power Sectors     

7.1 Introduction        233 

7.2 Methodology        235 

7.2.1 Expert Identification      235 



xi 
 

7.2.2 Questionnaire - Development and Marking Technique 238 

7.3 Survey Analysis and Discussion     240 

7.4 Wind Sector Analysis       241 

 7.4.1 Policy Variables      241 

7.4.2 Technical Variables      247 

7.4.3 Commercial Variables     249 

7.4.4 Economic Variables      252 

7.4.5 Social Variables      255 

7.5 Solar Sector Analysis       257 

 7.5.1 Policy Variables      257 

7.5.2 Technical Variables      261 

7.5.3 Commercial Variables     263 

7.5.4 Economic Variables      267 

7.5.5 Social Variables      269 

7.6 Factor Wise Scoring       272 

7.7 Harmonization of Primary and Secondary Findings   275 

7.8 Concluding Remarks       279 

 

Chapter 8: Summary and Conclusion     281-295 

8.1 Introduction        281 

8.2 Major Findings of the Research     282 

8.2.1 Factors influencing Growth of    282 

Wind and Solar Power Sectors - Four Country Study 

8.2.2 Wind Power Sector in India - Key Growth Determinants 284 

8.2.3 Solar Power Sector in India -     285 

Analysis of Policies and Auctions  

8.2.4 Expert Survey - Indian Wind and Solar Power Sectors 287  



xii 
 

8.2.5 Synthesis of Key Findings     288 

8.3 Practical Implications and Recommendations   289 

 8.3.1 Policy Makers and Regulators    290 

 8.3.2 Utilities and Industry      291 

8.4 Research Contribution of this Study     292 

 8.4.1 Remarks on Key Findings     292 

8.5 Limitations of this Study      293 

8.6 Scope for Future Research      295 

8.7 Concluding Remarks       295 

 

References          296-313 

Appendices         314-336 

Curriculum Vitae        337 

Publications         338 

 

------------------------------------------------------------------------------------------------------------------------------ 



xiii 
 

LIST OF FIGURES 

-------------------------------------------------------------------------------------------------------------------- 

Figure No. Title of the Figure        Page No. 

-------------------------------------------------------------------------------------------------------------------- 

Figure 1.1 GHG Emissions – Contributors     1 

Figure 1.2 Country Wise - GHG Emissions Chart    2 

Figure 1.3 Paris Climate Deal       3 

Figure 1.4 Chronology of Important Global Events    4 

Figure 1.5 Renewable Energy Installed Capacity    6   

Figure 1.6 Renewable Energy in Global Electricity     6 

Figure 1.7 Variable Renewable Energy Grid Supply    7 

Figure 1.8 Renewable Energy Investor Categories    8 

Figure 1.9 RECAI Index        9 

Figure 1.10 Module Price Trends and Solar Generation Cost   9 

Figure 1.11 India - Power Generation Sources     11 

Figure 1.12 India – Electricity Deficit Trends      11  

Figure 1.13 India - Solar and Wind Capacity Growth    13 

Figure 1.14 India - Wind Capacity Addition Trends    15 

Figure 1.15 India – State-Wise Wind Capacity Addition    15 

Figure 1.16 India - Solar Capacity Addition Trends    16 

Figure 1.17 Solar Tariff Trajectory (Minimum Value)    17 

Figure 1.18 India - Solar Auctions Outcome     18 

Figure 3.1 Research Design       55 

Figure 4.1 Solar Power Installed Capacity     83 

Figure 4.2 Wind Power Installed Capacity     84 

Figure 4.3 Solar and Wind Power Growth Trends    85 



xiv 
 

Figure 4.4 Germany- Solar and Wind Growth Trends    86 

Figure 4.5 US- Solar and Wind Growth Trends     86 

Figure 4.6 Japan- Solar and Wind Growth Trends    87 

Figure 4.7 India- Solar and Wind Growth Trends    87   

Figure 4.8 Germany – GDP Growth & Energy Sources    90 

Figure 4.9 Germany - Wind Investors Profile     92 

Figure 4.10 Germany- Renewable Energy Policy Chronology   92 

Figure 4.11 Germany - Solar and Wind Growth Trends    93 

Figure 4.12 German Electricity Generation Trends    94 

Figure 4.13 German Grid Supply        94 

Figure 4.14 Germany- Energy Use Trends and GHG Emissions   95 

Figure 4.15 Japan- GDP Growth & Energy Sources    96 

Figure 4.16 Japan - Power Supply Sources     97 

Figure 4.17 Japan- Renewable Power Contribution    97 

Figure 4.18 Japan- Solar and Wind Power Growth Trends   98 

Figure 4.19 Japan - Energy Use Trends and GHG Emissions   100 

Figure 4.20 US - Electricity Supply Sources     101 

Figure 4.21 US - GDP Growth & Energy Sources    101 

Figure 4.22 US- Energy Use Trends and GHG Emissions   102 

Figure 4.23 US- State Wise Wind Deployment     104 

Figure 4.24 US- State Wise Solar Deployment     104 

Figure 4.25 US- Wind and Solar Capacity Trends     105 

Figure 4.26 India- Energy Supply Sources & GDP Growth   107 

Figure 4.27 India- Electricity Supply Sources     107 

Figure 4.28 India- Solar and Wind Growth Trends    108 

Figure 4.29 India- Power Capacity Growth Trends    109  

Figure 4.30 India- Energy Use Trends and GHG Emissions    110  



xv 
 

Figure 4.31 Relationship between GDP and Energy Consumption  113 

Figure 4.32 Energy Imports Trends      113 

Figure 4.33 Share of Fossil in Energy Use      114 

Figure 4.34 Crude Price Vs Solar and Wind Growth Trends   117 

Figure 4.35 Share of Electricity as % of Energy Consumption   122  

Figure 4.36 Wind Power in Grid Supply      126   

Figure 4.37 Energy & Electricity Consumption Trends    127 

Figure 4.38 Solar and Wind Capacity Vs GHG Emissions   128  

Figure 4.39 Long Term GHG Emission Trends     129 

Figure 4.40 Hydel Power Share in Grid Supply     130  

Figure 4.41 Module Price and Solar Generation Cost    134  

Figure 4.42 Japan - GHG Emissions and Solar Capacity    136  

Figure 4.43 Germany - GHG Emissions and Solar Capacity   136 

Figure 4.44 US – Source Wise Power Capacity Addition Trends   137 

Figure 5.1 India - Wind Power Installed Capacity    141 

Figure 5.2 India - Growth Trends of Installed Generation   143  

Figure 5.3 India - Energy Deficit Trends      144 

Figure 5.4 India - Per Capita Power Consumption    144 

Figure 5.5  India - Source Wise Annual Power Installation   146 

Figure 5.6 India – Grid Power Supply Sources      146 

Figure 5.7 India - Renewable Energy Institutional Structure   148  

Figure 5.8 Zone-based Wind FIT by CERC     149 

Figure 5.9 India - State-Wise RPO Targets      152 

Figure 5.10 India - Wind Capacity Addition Trends    155 

Figure 5.11 State-Wise Wind Capacity Addition Trends    157   

Figure 5.12 Wind Capacity Trends- Tamil Nadu and Karnataka   157 

Figure 5.13 Wind Capacity Trends- Gujarat and Maharashtra   158 



xvi 
 

Figure 5.14 Wind Capacity Trends- Madhya Pradesh and Rajasthan  158 

Figure 5.15 Wind Capacity and FIT- Gujarat     162 

Figure 5.16 Wind Capacity and FIT- Maharashtra    163  

Figure 5.17 Wind Capacity and FIT- Madhya Pradesh    163 

Figure 5.18 Wind Capacity and FIT- Rajasthan     164 

Figure 5.19 RPO and Wind Addition Trends     164 

Figure 5.20 Wind Capacity and Per Capita Income – Gujarat   165  

Figure 5.21 Wind Capacity and Road Length – Karnataka   166 

Figure 5.22 Wind and Total Power Capacity - Tamil Nadu   168  

Figure 5.23 Wind Capacity and ATC Loss – Rajasthan    170 

Figure 5.24 Differential - FIT & Average Power Procurement Cost  171 

Figure 5.25 Differential – FIT & Industrial Tariff     172 

Figure 5.26 Variable Categorization      173 

Figure 5.27 Comparison – ATC Loss and Per Capita Income   179  

Figure 5.28 Wind FIT Levels of Indian States     181 

Figure 5.29 India - Renewable Power Share in Grid Supply   183   

Figure 5.30 Wind Addition & Tariff Differential - Madhya Pradesh  186 

Figure 5.31 Wind Addition & Tariff Differential – Rajasthan   189 

Figure 5.32 RPO Compliance – Karnataka     195 

Figure 5.33 FIT & APPC Differential - Karnataka and Tamil Nadu  196 

Figure 6.1 Global Solar Capacity Growth Trends    200 

Figure 6.2 Solar Capacity Growth Trends – Select Countries   200 

Figure 6.3 India - Solar Potential       204   

Figure 6.4 India - Year-Wise Solar Tariff Trends     206 

Figure 6.5 India - Solar Power Growth Trends      207 

Figure 6.6 India – Planned Solar Parks      208   

Figure 6.7 RPO Targets – Gujarat      211 



xvii 
 

Figure 6.8 India - Solar Capacity Targets      212 

Figure 6.9 India - Per Capita Income of States     213 

Figure 6.10 Exploratory Factors       216 

Figure 6.11 India - State-Wise: Solar Installation      222  

Figure 6.12 India - Solar Targets and Tariff Discounts     223 

Figure 6.13 India - Energy Deficit Trends      224 

Figure 6.14  Indian - Renewable Share in Grid Supply     225 

Figure 6.15 Relationship - ATC and Solar Tariff Discounts    226 

Figure 6.16 Global PV Module Price Trends     227 

Figure 6.17 Module Cost and Solar Project Cost     227 

Figure 6.18  Programme Size and Solar Tender’s Subscription   228 

Figure 6.19 Federal Solar Bids – Tariff and ATC Loss    230  

Figure 6.20 India - Solar Park Projects and Open Area Projects   231 

Figure 7.1 Expert Group Categories      237 

Figure 7.2 Questionnaire Categories- Wind Power Sector   239   

Figure 7.3 Questionnaire Categories- Solar Power Sector   239 

Figure 7.4 India - Wind Power Capacity Growth    241 

Figure 7.5 India - Wind FIT Trends      242  

Figure 7.6 India - Wind Capacity Addition Trends     243 

Figure 7.7 Policy Impact on Indian Wind Sector     244 

Figure 7.8 Differential - Industrial Tariff and Wind FIT    245  

Figure 7.9 Group Wise Scoring – Wind Policy Factors    246 

Figure 7.10 Average Scoring – Wind Policy Factors    246 

Figure 7.11 Group Wise Scoring – Wind Technical Factors   248 

Figure 7.12 Average Scoring – Wind Technical Factors    249   

Figure 7.13 Group Wise Scoring – Wind Commercial Factors   251 

Figure 7.14 Average Scoring – Wind Commercial Factors   251 



xviii 
 

Figure 7.15 Differential – Wind FIT and Average Power Cost   253 

Figure 7.16 Group Wise Scoring – Wind Economic Factors   254  

Figure 7.17 Average Scoring – Wind Economic Factors    254 

Figure 7.18 Group Wise Scoring – Wind Socio-Infra Factors   256   

Figure 7.19 Average Scoring – Wind Socio-Infra Factors    256 

Figure 7.20 India - Solar Power Capacity       257 

Figure 7.21 India Solar Auctions       258 

Figure 7.22 Solar Parks - Investor Profile       259 

Figure 7.23 Group Wise Scoring – Solar Policy Factors    260 

Figure 7.24 Average Scoring – Solar Policy Factors    260 

Figure 7.25 Group Wise Scoring – Solar Technical Factors   262 

Figure 7.26 Average Scoring – Solar Technical Factors    262 

Figure 7.27 Off-Taker Profile- Indian Solar Projects    264 

Figure 7.28 Average Capacity – Indian Solar Projects    265 

Figure 7.29 Group Wise Scoring – Solar Commercial Factors   266 

Figure 7.30 Average Scoring – Solar Commercial Factors   266 

Figure 7.31 Group Wise Scoring – Solar Economic Factors   268 

Figure 7.32 Average Scoring – Solar Economic Factors    268 

Figure 7.33 Group Wise Scoring – Solar Socio-Infra Factors   270 

Figure 7.34 Average Scoring – Solar Socio-Infra Factors    271   

-------------------------------------------------------------------------------------------------------------------- 

 

 

 

 



xix 
 

LIST OF TABLES 

-------------------------------------------------------------------------------------------------------------------- 

Table No. Title of the Table       Page No. 

-------------------------------------------------------------------------------------------------------------------- 

Table 2.1 Summary of Existing Studies – International Assessment  37 

Table 2.2 Studies on Drivers of Renewable Energy Deployment  40  

Table 2.3 Summary of Existing Studies – Indian Wind & Solar Power Sectors43 

Table 3.1 Snapshot of Research Methodology – Tools and Techniques 71 

Table 3.2 Data Sources- International Assessment    74 

Table 3.3 Data Sources- National Wind Assessment    76 

Table 3.4 Data Sources- National Solar Assessment     78 

Table 4.1 Variables – International Study     119 

Table 4.2  Regression Analysis Outcome – International Wind Assessment 124 

Table 4.3 Regression Analysis Outcome – International Solar Assessment 132 

Table 5.1 State-Wise Wind Capacity in India      140  

Table 5.2 Source-Wise Power Capacity in India    142 

Table 5.3 RPO Values in India       147 

Table 5.4 Business Model under Accelerated Depreciation for Wind Power 150 

Table 5.5 Annual Wind Capacity Addition in Indian States    156  

Table 5.6 Wind Potential in Indian States     167 

Table 5.7 Variables – Indian Wind Study     175 

Table 5.8 Regression Analysis – Indian Wind Study    180

Table 5.9 Turbine Capacity Trends – India     181 

Table 5.10 Regression Results - Wind Group-I     188

Table 5.11 Regression Results – Wind Group-II     191 

Table 5.12 Regression Results - Wind Group-III     193 

Table 6.1 Cost of Bundled Power      205 



xx 
 

Table 6.2 Variables and Data Sources – Indian Solar Study   218 

Table 6.3 Regression Analysis – Solar Tenders     221 

Table 6.4 Regression Analysis – Federal Solar Tenders   229 

Table 7.1 Respondent Affiliations – Expert Survey    236 

Table 7.2 Detailed Scoring on Wind Power – Expert Survey   272 

Table 7.3 Detailed Scoring on Solar Power – Expert Survey   274   

Table 8.1 Implications for Stakeholders      289 

------------------------------------------------------------------------------------------------------------------ 

 

  



xxi 
 

LIST OF APPENDICES 

------------------------------------------------------------------------------------------------------------------- 

Appendix No.   Title of the Appendix    Page No. 

------------------------------------------------------------------------------------------------------------------- 

Appendix 4.1    International Wind and Solar Power Assessment 315 

Appendix 5.1    Indian Wind Power Assessment   321 

Appendix 6.1    Indian Solar Power Assessment   328 

Appendix 7.1    Primary Survey – Indian Experts    332 

------------------------------------------------------------------------------------------------------------------- 

 

 

 

 

 

 

 

 

 

 

  



xxii 
 

ABBREVIATIONS 

------------------------------------------------------------------------------------------------------------------------- 

Abbreviation    Full Form       

------------------------------------------------------------------------------------------------------------------------- 

AD   Accelerated Depreciation  

APPC   Average Power Procurement Cost 

ARR    Annual Revenue Requirement  

ATC   Average Technical and Commercial (loss) 

BNEF   Bloomberg New Energy Finance 

CEA   Central Electricity Authority 

CERC   Central Electricity Regulatory Commission 

CII   Confederation of Indian Industry 

CO2   Carbon Dioxide 

CoP   Conference of Parties 

DISCOM  Distribution (Power) Company 

EIA   Energy Information Agency, United States 

EU   European Union 

FY   Financial Year 

FDI   Foreign Direct Investment 

FEM    Fixed Effects Model  

FIT   Feed in Tariff 

FY   Financial Year 

GBI   Generation Based Incentives  

GDP   Gross Domestic Product 

GHG   Greenhouse Gas 



xxiii 
 

GSR   Global Status Report 

GW   Gigawatts 

IRENA  International Renewable Energy Agency 

IEA   International Energy Agency 

IPCC   Intergovernmental Panel on Climate Change 

ITC   Investment Tax Credits 

kWh   Kilo Watt Hours 

LCOE   levelized Cost of Energy  

MNRE   Ministry of New and Renewable Energy 

MOP   Ministry of Power 

MW   Megawatts 

NAPCC   National Action Plan on Climate Change  

NISE   National Institute of Solar Energy  

NIWE    National Institute of Wind Energy 

NREL   National Renewable Energy Laboratory (US)  

NSM   National Solar Mission 

PFC    Power Finance Corporation  

PTC   Production Tax Credits  

PURPA   Public Utilities Regulatory Policy Act 

PV   Photo Voltaic 

RBI   Reserve Bank of India 

RE   Renewable Energy 

REC   renewable Energy Certificate 

RECAI  Renewable Energy Country Attractiveness Index 

REM   Random Effects Model 



xxiv 
 

RPS   Renewable purchase standards  

RPO   Renewable Purchase Obligations  

SBI   State Bank of India  

SERC   State Electricity Regulatory Commission 

SECI   Solar Energy Corporation of India 

SDG   Sustainable Development Goals 

UNFCCC   United Nations Framework Convention on Climate Change 

UNEP    United Nations Environment Programme 

WRI   World Resources Institute 

VRE   Variable Renewable Power (Solar and Wind) 

VGF    Viability Gap Funds 

Indian States 

AP  Andhra Pradesh 

CH  Chhattisgarh 

GUJ  Gujarat 

HRY  Haryana 

JH  Jharkhand 

KTK   Karnataka 

MAH  Maharashtra 

MP  Madhya Pradesh 

PB  Punjab 

RAJ  Rajasthan 

TN  Tamil Nadu  

UP  Uttar Pradesh 

------------------------------------------------------------------------------------------------------------------------------------------ 


	SAPAN THAPAR  NEW.pdf
	SAPAN THAPAR (2).pdf
	fo025566.pdf
	Thesis Feb 26 2019(2)


	SAPAN THAPAR (2).pdf
	fo025566.pdf
	Thesis Feb 26 2019(2)






