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Abstract 

India ratified the Paris Agreement in 2015. The country’s Intended Nationally Determined Contributions 

includes reduction of emissions intensity by 33-35% in 2030 from the 2005 level and 40% of renewable 

energy share in the electricity mix by 2030. This study evaluated the future electricity system of Odisha, one 

of the states in India that is rich in mineral resources. It holds 26% of India’s coal reserves. While the current 

electricity system of Odisha comprises 95% of coal power generation, the state’s commitments in terms of 

climate goals and increasing the deployment of renewable energy sources (RES) (i.e., 3 GW by 2022) are 

aligned with the national goals. To encourage investment in RES and to reduce investment risks, Odisha 

has also set targets for renewable purchase obligations for utilities and captive consumers. They have to 

procure 15% of their total electricity consumption from RES (8% solar and 7% non-solar sources) by 2022. 

The electricity demand in the state is expected to increase due to increased economic growth and the goal 

to reach 100% energy access (24x7) to households. Besides, there is huge potential for energy savings in the 

current electricity system through improvement in energy efficiency in the end-use. The increase in 

electricity demand, high share of fossil in current electricity system, renewable energy target, climate goals 

and lack of study at the state level are the reasons to assess the future electricity system of Odisha. The study 

investigated the electricity system in Odisha to meet the increased electricity demand from 2018 until 2050. 

It estimates the technical, economic and environmental impacts of enhancing energy efficiency and 

renewable energy on future electricity system of Odisha by using the Long-range Energy Alternatives 

Planning System. Odisha’s future electricity system is assessed in four scenarios i.e. no new policies 

introduced in the future (BAU), high renewable energy share (HRE), improvement in energy efficiency 

(IEE) and a combination of renewable energy and energy efficiency (CER). The result shows that the energy 

requirements in the IEE scenario are 26% lower than in the BAU scenario, and the total costs are lower 

than HRE scenario by 34% and CER scenario by 10%. The CO2 emissions of the IEE scenario are higher 

than HRE scenario by 10% and CER by 23%. In the HRE scenario, the total costs are higher than BAU 

scenario by 8% and CER scenario by 26%. The CO2 emissions are lower than BAU by 45% and IEE by 

25%. In the CER scenario, the costs are lower than BAU by 20% and HRE by 26%. The CO2 emissions 

are lower than BAU by 60%, IEE by 44% and HRE by 26%. The energy savings can be achieved by 

continuing the existing scheme Ujala for subsidised LEDs, extension of Perform Achieve Trade (reduction 

of specific energy consumption) scheme to medium and small industries. The renewable targets can be 

achieved through continuation of RPO which reduces the risk of new investors. Capacity auctions could 

bring down the solar and wind tariffs.  The study demonstrate that the RPO for 2022 cannot be achieved 

with the target RE capacity. The gap must be fulfilled by either procuring renewable electricity from the 

regional grid or buy renewable energy certificates from the market.  

 

Keywords: energy efficiency, renewable energy, electricity system, Odisha 
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Sammanfattning 

Indien ratificerade Parisavtalet 2015. Landets avsedda nationellt fastställda bidrag inkluderar minskning av 

utsläppsintensiteten med 33-35% år 2030 från 2005 års nivå och 40% av förnybar energiandel i elmixen före 

2030. Denna studie utvärderade framtida el system av odisha, en av de stater i india som är rik på 

mineralresurser. Den rymmer 26% av Indiens kolreservat. Medan Odishas nuvarande elsystem omfattar 

95% av koldkraftproduktionen, är statens åtaganden när det gäller klimatmål och ökad utplacering av 

förnybara energikällor (RES) (dvs 3 GW år 2022) i linje med de nationella målen. För att uppmuntra 

investeringar i RES och minska investeringsrisker har Odisha också fastställt mål för förnybara 

köpskyldigheter för verktyg och konsumenter. De måste skaffa 15% av sin totala elförbrukning från RES 

(8% sol och 7% icke-solkällor). Efterfrågan på el i staten förväntas öka på grund av ökad ekonomisk tillväxt 

och målet att nå 100% energitillgång (24x7) till hushållen. Dessutom finns det stor potential för 

energibesparingar i det nuvarande elsystemet genom förbättring av energieffektiviteten. Ökningen av 

elbehov, hög andel fossil i nuvarande elsystem, mål för förnybar energi, klimatmål och brist på studier på 

statsnivå är anledningarna till att bedöma Odishas framtida elsystem. Studien undersökte elsystemet i Odisha 

för att möta den ökade efterfrågan från 2018 fram till 2050. Den uppskattar de tekniska, ekonomiska och 

miljömässiga konsekvenserna av att öka energieffektiviteten och förnybar energi på Odishas framtida 

elsystem genom att använda Long Range Energy Alternatives Planning Systemet. Odishas framtida elsystem 

bedöms i fyra scenarier, dvs ingen ny politik införd i framtiden (BAU), hög förnybar energi andel (HRE), 

förbättring av energieffektivitet (IEE) och en kombination av förnybar energi och energieffektivitet (CER). 

Resultatet visar att energikraven i IEE-scenariot är 26% lägre än i BAU-scenariot, medan de totala 

kostnaderna är lägre än HRE-scenariot med 34% och CER-scenariot med 10%. Koldioxidutsläppen från 

IEE-scenariot är högre än HRE-scenariot med 10% och CER med 23%. I HRE-scenariot är de totala 

kostnaderna högre än BAU-scenariot med 8% och CER-scenariot med 26%. Koldioxidutsläppen är lägre 

än BAU med 45% och IEE med 25%. I CER-scenariot är kostnaderna lägre än BAU med 20% och HRE 

med 26%. Koldioxidutsläppen är lägre än BAU med 60%, IEE med 44% och HRE med 26%. 

Energibesparingarna kan uppnås genom att fortsätta det befintliga systemet Ujala för subventionerade 

lysdioder, förlängning av Perform Achieve Trade (minskning av specifikt energiförbrukning) till medelstora 

och små industrier. De förnybara målen kan uppnås genom fortsatt RPO, vilket minskar risken för nya 

investerare. Kapacitetsauktioner kan sänka sol- och vindpriserna. Studien visar att RPO för 2022 inte kan 

uppnås med mål-RE-kapaciteten. Klyftan måste uppfyllas genom att antingen anskaffa förnybar el från det 

regionala nätverket eller köpa förnybara energikertifikat från marknaden. 

Nyckelord: energieffektivitet, förnybar energi, elsystem, Odisha 
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1 Introduction 

1.1 Background 

India is a vibrant democracy home to over one-sixth of the world population and Asia's third-largest 

economy. The country is undergoing profound transformations that is driving the country to center stage 

in many areas(IEA, 2015c). Over the next 25 years, developing countries will shape the economic and energy 

trends due to increasing prosperity. India and China shall account for more than half of the world output 

expansion(BP, 2018). India is forecasted to grow at a rate of 6.5% per annum, higher than the rest of the 

world in the period 2016-2040 (BP, 2018). The per-capita electricity consumption in India is one-fourth of 

the world average (World Bank, 2014b). The recent initiatives such as “Make in India” - boosting 

manufacturing sector and “Power for All” - providing 24x7 uninterrupted power will lead to rapid growth 

in the power sector(CEA, 2018). 

The provision of electricity is very crucial to India’s energy and economic outlook and is identified as a 

major area of uncertainty in the future(IEA, 2015a). Electricity access in a flexible and reliable manner brings 

a range of socio-economic benefits, alleviate people from poverty, enhances the quality of life and stimulates 

the broader economy (Ghosh Banerjee and Portale, 2014). India faces two major challenges in the power 

sector: the first is providing access to electricity, and the second is reliable & sustainable power supply to all 

sectors. India has made significant progress in providing energy access, reaching 80% of the population in 

2017 up from 40% in 2000 (IEA, 2017).  It was achieved through strong policy interventions like Rajiv 

Gandhi Gram Vidyutikaran Yojana (RGGVY), Deen Dayal Upadhyaya Gram Jyoti Yojana (DDUGJY) and 

Saubhagya schemes where central government provided financial support to the state governments. Figure 

1 gives details about the electricity access to people living in rural and urban areas.  

 
Figure 1 Rate of electrification in India in 2017 [ Source: (IEA, 2017)] 

India ratified the Paris Agreement to the UNFCCC on 2 October 2016(UNFCC, 2016). The central aim of 

the agreement is to keep temperature rise in this century below 2 degree Celsius through a reduction in 

greenhouse gas emissions(UNFCCC, 2015). The total CO2 emissions were 2.23 GT in the year 2014 and 

India ranks 3rd after China and USA (World Bank, 2014a). India’s first Intended Nationally Determined 

Contributions (INDC) commitments include reduction of emissions intensity by 33-35% in 2030 from 2005 

levels, to achieve 40% electric power installed capacity from renewable energy sources (RES) by 2030 and 

creating a supplementary carbon sink of 2.5 to 3 billion tonnes CO2 equivalent through additional forest 

cover(IEA, 2015a).  

The World Energy Outlook by IEA (2015c)  included an exclusive study focussed on India. It specified the 

lack of subnational analysis for energy systems in India. It is required by all countries, but it is very important 

for India, due to its size and heterogeneity in terms of income level, demographics, resource availabilities. 

Because of the federal structure many responsibilities of energy sector lie with the state governments. In its 

report, it illustrated an example where residential electricity consumption per capita varies across states and 

union territories. Delhi with the highest per capita consumption is the only part of India with consumption 

higher than the non-OECD average as seen in Figure 2 (IEA, 2015c). On the other hand, in Bihar, it is 
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around 50 kWh per capita per year which equals to the usage of a fan, mobile telephone, and two compact 

fluorescent lamps used for less than five hours per day (IEA, 2015c). There are extensive differences of 

demographics, level of consumption and access rates between regions and states within India. Hence, it is 

necessary to look beyond the national figure to understand the energy dynamics. 

 

 
Figure 2 Annual residential electricity consumption per capita by state in India (for those with access), 2013 [Source: (IEA, 2015c)]  

Odisha is one of the 29 states of India located in the east and it 

ranks 16th in GDP, 11th in population and 9th in terms of area 

(MOSPI, 2017; Planning and Convergence Department, 2017; 

CRISIL, 2018). Odisha has a major share of the country’s 

mineral reserves. The nickel, chromite, bauxite, iron ore and 

coal reserves stand at 92%, 83%, 55%, 38%, 26% respectively. 

Availability of mineral resources, iron ore, bauxite, coal, water 

and power, above that the investor-friendly policy has made 

Odisha a favoured destination for investments. Odisha is 

seeing growth in Foreign direct investments (FDI) in the year 

2017 after a free fall in the investment from 2009 when it 

topped the list of FDIs(Patro, 2018). Till 2017, the state has 

signed Memorandum of understanding (MoU) for steel(80.76 

MTPA) of which 21 MTPA has been installed; for non-

steel(27.79 MTPA) of which 7.13 MTPA is installed(Planning 

and Convergence Department, 2017). The Gross State Domestic Product (GSDP) grew at an average rate 

of 6.7% between 2013 and 2017 at a similar rate to the overall country’s growth as shown in Figure 3(a). In 

the GSDP, the share of agriculture is 43%, industry is 22% and Services 35% (Planning and Convergence 

Department, 2017). 

 

 
Figure 3 (a) Average GSDP growth FY13-FY17(%) [Source: (CRISIL, 2018)] (b) GSDP Sector-wise share (%) [Source: (Planning and 

Convergence Department, 2017)] 
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The state of Odisha has been selected for this study for the following reasons: The State of Odisha was 

among the first states in India to unbundle the electricity sector and established Odisha Electricity 

Regulatory Commission (OERC) as a regulator with the enactment of Orissa Electricity Reform Act in 

1995. The Distribution Companies (DISCOMs) were privatised but later the government took control due 

to poor performance and high aggregate technical and commercial losses (AT&C) (Govt. of Odisha, 2015). 

Odisha being a mineral rich state and more inflow of foreign direct investments and initiatives like Make in 

India will boost the electricity demand in industry and commercial sector (Planning and Convergence 

Department, 2017). With electrification rate of mere 56% (51 % rural & 82% urban) in 2015 and with 

schemes like Deen Dayal Upadhyay Gram Jyoti Yojana (DDUGJY) and Saubhagya targeting universal 

electrification by 2022 which is further changed to the end of 2019, there will be rapid growth in household 

demand (Govt. of Odisha, 2015). Due to the abundance of coal in the state, much of the electricity is 

generated using coal. To mitigate CO2 emissions and to increase the share of RES, the state has policies for 

renewable energy including an exclusive policy for solar implementation(Department of Energy, 2016b). 

Since 2015, OERC made it mandatory for obligated entities to source a certain percentage of their power 

purchase from RES (Department of Energy, 2016b). With over 480kms coastline, Odisha is vulnerable to 

climate change events. Acknowledging the importance of climate change, Odisha formulated a 

comprehensive action plan to address the climate change issues in 2010 which was first of its kind in the 

country(Forest and Environment Department, 2018). 

While a large number of studies carried out long term projections of the energy system in India at the 

national level, very few are discussed at the subnational level, and none discussed the case of Odisha. NITI 

Aayog (2017b) carried out a study in collaboration with the Institute of Economics Japan on overall energy 

scenarios of India till 2047. The study included the sectors transport, buildings, agriculture, telecom, 

industry, cooking and covered all primary fuels such as coal, oil etc. and secondary sources such as electricity. 

The Electricity Act 2003 mandates the Central Electricity Authority (CEA) to prepare National Electricity 

Plan every five years and the projections are done for short-term of five years (Ministry of Law and Justice, 

2003). Kale and Pohekar (2014) did a sub-national study on the electricity system in Maharashtra. The study 

included scenario development for demand and supply with demand projections until 2030 using a Long-

range Energy Alternative Planning System (LEAP) model. Karunanithi et al., (2017) studied the integration 

of demand and supply-side management strategies in generation expansion planning for the state of Tamil 

Nadu. The study analyses the influence of the introduction of RES on economic and environmental aspects 

of the future electricity system. To the best of my knowledge, there is no study which analyses the future 

electricity system of Odisha. 

1.2 Objective and research question 

The Government of Odisha is aligned with the national renewable and climate goals of India. To achieve 

these goals, the state outlined an exclusive policy for the development of RES in the year 2016 (Department 

of Energy, 2016b). In this policy, the Government has set a target of 2.7 GW to be achieved by 2022. The 

policy mandates the utilities and captive consumers to source 15% (8% solar and 7% non-solar) of total 

electricity from RES by 2022. The demand is poised to grow at a faster rate in the next decades due to 

increased energy access by strong policy interventions such as Power 24x7, Saubhagya and consistent 

economic growth. There is a huge potential for energy efficiency improvements in the current electricity 

system. The Central government has launched policy instruments such as Ujala for LED lighting, Standards 

& Labelling for appliances and Perform Achieve and Trade for industries for improving energy efficiency. 

Historically seen, the state has been highly dependent on conventional sources such as coal for electricity 

generation to meet the increasing demand due to abundant coal reserves in the state. Therefore, it is 

important to evaluate the electricity system of Odisha.  

The study aims at estimating the technical, economic and environmental impacts of enhancing 

energy efficiency and renewable energy on future electricity system of Odisha to meet the increased 

electricity demand from 2018 until 2050. Odisha’s future electricity system is assessed on four scenarios 

i.e. no new policies introduced in the future, high renewable energy share, improvement in energy efficiency 



-13- 
 

and a combination of energy efficiency improvement and high renewable energy deployment. To meet the 

study’s objective, the following research questions are formulated: 

 What are the technologies’ share and the type of fuels of the future electricity supply mix?  

 What are the total costs (fixed and variable) to meet the future electricity demand? 

 How much are the CO2 emissions of the future electricity system? 

1.3 Scope of the research 

The electricity system in Odisha is connected to the rest of the country through inter-state transmission 

network. Some of the existing power plants run on sharing basis by state and central government. Odisha 

also has a share in power plants located in other states. However, to evaluate Odisha’s electricity system, the 

boundary condition for this study is defined by assuming that, the power plants in Odisha operate to meet 

only the state’s demand. Any excess generation is exported, and any deficit of power is imported. The grid-

connected electricity supply and demand is analysed in this study. The electricity demand is evaluated by 

considering the demand of all sectors - agriculture, residential, industry, commercial, transport and others 

(public lighting, public water works, public purpose). The supply sector is modelled by considering energy 

technologies based on conventional and renewable sources available in the state. The system boundary for 

energy efficiency is the energy savings in the end-use of electricity in the sectors such as agriculture, 

residential, industry, commercial and others. The cost analysis of the scenarios is carried out by considering 

the capital costs, fixed operating and maintenance (O&M) costs and the variable O&M of all the 

conventional and RES generation technologies. The costs are estimated for the supply side and it does not 

consider the costs incurred for improvement of energy efficiency in the end-uses. The costs for 

improvement in energy efficiency in the end-use are not included as the primary focus of the study is to 

evaluate the electricity system (supply side) to meet the increasing demand. The CO2 emissions account for 

the total electricity generated in the state which is used in the state and the surplus exported to the regional 

grid.  

1.4 Organisation of the thesis 

Following the introduction, Chapter 2 provides the current electricity system with the institutional 

framework of Odisha. Chapter 3 includes literature about different modelling techniques and the choice of 

the LEAP software tool. Chapter 4 describes the methodology, input data for the model and scenario 

development. Chapter 5 presents the results (e. g., the demand in all scenarios, electricity mix in all scenarios, 

comparison of CO2 emissions and costs in all scenarios) obtained from the model developed in LEAP and 

discussions about insights of the findings.  Finally, chapter 6 delivers the conclusion of the study including 

policy recommendations. 
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2 Odisha Electricity System 

2.1 Current System 

In 2018, the total installed capacity in Odisha was 18.6 GW with 87% coal and 13% renewable share as seen 

in Figure 4. The installed capacity has increased 7 times from a mere 2.8 GW in 1995 to 18.6 GW in 2018 

(Govt. of Odisha, 2015; CEA, 2017; OSPC Board, 2017). The installed capacity stakeholders are state-run 

companies, center run companies, independent power producers and captive power plants. The installed 

capacity for captive consumption by large and medium industries is 7.3 GW which are thermal power plants 

based on coal (OSPC Board, 2017). Some of the power plants run on sharing basis, the state of Odisha is 

allocated a certain percentage of generation capacity. Odisha has a share of capacity in the thermal power 

plants located in other states and hydropower plants in Bhutan. The firm capacity is the total generation 

capacity available to the utilities for electricity generation through long term contracts. The firm capacity 

available for Odisha was 5.5 GW in the year 2015 with 55% share from coal and 45% renewable energy as 

shown in Figure 5 (Govt. of Odisha, 2015; OSPC Board, 2017). However, 45% RES installed capacity looks 

promising but in 2015, 76% of the power was generated using coal due to seasonal nature of hydropower 

plants and intermittency of RES (Govt. of Odisha, 2015). The transmission and distribution companies 

suffer from two types of losses – technical and non-technical losses. The technical losses are due to energy 

dissipated in the transmission and distribution lines, transformers and other electrical equipment. The non-

technical losses are due to theft, and non-payment of bills. The aggregate is known as AT&C losses which 

were 57% in 2000. In 2015, the losses were reduced to 38%  with continuous efforts such as feeder metering, 

smart meters for consumers (Govt. of Odisha, 2015). 

 
Figure 4  Installed generation capacity (MW) in Odisha – in 2018 [Source: (Govt. of Odisha, 2015; CEA, 2017; OSPC Board, 2017) 
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Figure 5 Firm capacity (MW) allocation to Odisha – in 2015 [Source: (Govt. of Odisha, 2015; CEA, 2017; OSPC Board, 2017) 

Electricity Sector Institutional Framework 

Odisha was among the first states in India to establish an electricity regulator and unbundle the sector as 

seen in Figure 6. The Orissa Electricity Reform Act was passed in 1995 and Orissa Electricity Regulatory 

Commission (OERC) was formed in 1996 and at this point, the state started unbundling the State Electricity 

Board (SEB). The act was enacted for the restructuring of the electricity industry (Pargal and Mayer, 2014). 

 

 
Figure 6 Timeline of Sector Unbundling and Establishment of Regulatory Commissions [Source: (Pargal and Mayer, 2014)] 

Odisha unbundled the erstwhile State electricity board into professionally managed DISCOMs, transmission 

company (OPTCL), electricity trading company (GRIDCO), and the regulator (OERC). Figure 7 presents 

the power structure in Odisha.  
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Figure 7 Power Structure in Odisha [Source: (Department of Energy, 2015)] 

Odisha State Electricity Regulatory Commission (OERC): 

OERC became functional in the year 1996 and its functions include: determination of tariff for generation, 

supply, transmission, wheeling of the electricity, wholesale, bulk or retail within the state; regulation of 

purchase and procurement process of distribution licenses; facilitation of intra-state transmission ; 

promotion of co-generation and generation from RES; specifying or enforcing standards related to quality, 

and reliability of service; fixing the trading margin in the intra-state trade of electricity if necessary. The 

commission shall advise the State Government on matters related to promotion of competition, efficiency 

in the electricity industry; promotion of investment in the sector; restructuring and reorganisation of the 

electricity industry in the state (OERC, 2015). 

 
Grid Corporation Limited (GRIDCO) 

GRIDCO is responsible for the bulk purchase and sale of power to four distribution companies in Odisha. 

It is responsible for the trading of surplus power through traders promoting the exchange of power on the 

national grid to neighbouring states. In the year 2015, GRIDCO had procured 25,694 Million kWh of energy 

at a cost of Rs 58.4 Billion at an average rate of 2.27 Rs/kWh (Govt. of Odisha, 2015). 

Odisha Power Transmission Corporation Limited (OPTCL): 

With the enactment of Electricity Act 2003, the government of Odisha transferred the transmission business 

from GRIDCO to OPTCL, a company wholly owned by the state. OPTCL has been notified as State 

Transmission Utility and is also responsible for the function of state load dispatch center. The company 

also undertakes the responsibility of inter-state transmission activities. As on March 2015, the company 

owns and operates 12,088  circuit km of transmission lines at 400 kV, 220 kV, 132 kV voltage levels and 

113 number of substation with a capacity of 13,692 MVA (Govt. of Odisha, 2015).  

DISCOMs: 

The DISCOMs are responsible for the distribution and retail supply to the customers. There are four 

DISCOMs in Odisha namely Central Electricity Supply Utility (CESU), North Eastern Electricity Supply 

Company of Odisha (NESCO), Western Electricity Supply Company of Odisha (WESCO), Southern 

Electricity Company of Odisha (SOUTHCO) for the regions central, northern, western and southern 

Odisha respectively. In 2015, the DISCOMs were serving more than 5.4 million consumers. CESU accounts 

for the highest number of customers with a share of 34% and WESCO lowest at a share of 20% as of March 
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2015. Odisha was the first state to privatise the DISCOMs in 1999. But due to heavy losses, CESU was 

handed over to the regulatory commission in 2001. Due to poor performance, the licences of other three 

utilities have been revoked by OERC in 2015.  The accumulated losses for the Odisha DISCOMs stand at 

₹ 61.2 billion in the financial year 2014-15 (Govt. of Odisha, 2015). 

Status of Electrification 

The rate of electrification is estimated by the source of energy used for lighting. The households using 

electricity for lighting are considered as electrified. According to the Census conducted in 2011, the rate of 

electrification stood at 43% with 35% electricity access in rural areas and 83% electricity access in urban 

areas. Figure 8 shows the number of households and the electrification rate in each district. Khordha district 

has the highest electrification of 71% and Nabarangpur district with the lowest electrification of 13% 

(Ministry of Home Affairs, 2011). 

 
Figure 8 District- Wise Electrification Status in 2011 [Source: (Govt. of Odisha, 2015) 

In a report published by the Government of Odisha in 2015, the overall rate of electrification was 56% with 

82% electricity access in urban areas and 51% in rural areas. The report included the rate of electrification 

for each region. The central region has the highest rate of electrification at 73% and the southern region has 

the lowest rate of electrification at 44%. The electrification rate is an estimated value based on the projection 

of the number of households in 2015 considering the 2011 census and growth rate of the number of 

households. The number of households is combined with the number of customers registered to the utilities 

to calculate the rate of electrification (Govt. of Odisha, 2015). Figure 9 shows the rate of electrification in 

rural and urban by distribution companies. 
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Figure 9 Electrification rate in rural and urban Odisha in the year 2015 [Source: (Govt. of Odisha, 2015) 

2.2 Regulatory Framework 

Electricity Access 

Since 2000, more than half a billion people gained access to electricity and the pace has accelerated since 

2011 with 40 million more people gaining access. Nearly all those who gained access is a result achieved 

through new connections to the grid which has been a focus of the government measures (IEA, 2017). Most 

of the measures are initiatives of the central government. The state government has taken special measure 

to cover the sectors or people not covered under the central government schemes. The schemes are financial 

instruments to encourage the investment by DISCOMs to extend the grid where the investments are not 

financially viable. These schemes also provide financial incentives to people who belong to Below Poverty 

Line (BPL). The common objective for all the initiatives is to achieve universal household electrification. 

Table 1 presents the different initiatives by the central and state government for universal access. 

Scheme/Initiative Type Launched by Responsible Institution 

Deen Dayal Upadhyaya Gram Jyoti Yojana 

(DDUGJY) 

Financial Govt. of India Rural Electrification 

Corporation Limited 

(REC) 

Pradhan Mantri Sahaj Bijli Har Ghar Yojana – 

Saubhagya 

Financial Govt. of India Rural Electrification 

Corporation Limited 

(REC) 

24x7 Power for all Initiative Govt. of India 

& Govt. of 

Odisha 

Government of Odisha 

Biju Gram Jyoti Yojana Financial Govt. of 

Odisha 

District Administration 

Biju Saharanchala Vidyutikaran Yojana (BSVY) Financial Govt. of 

Odisha 

Municipal 

Corporation/Notified 

Area Council 

Table 1 Policy measures for universal household electrification [Source: (Govt. of Odisha, 2015)] 
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Energy Efficiency 

Unnat Jyoti by Affordable LEDs for All (UJALA) 

UJALA scheme was launched in 2015 with a target to replace 770 million incandescent bulbs with LED 

bulbs by 2019. The scheme provides LED bulbs at subsidised prices to the domestic customers. It is a 

scheme by the central government of India. Energy Efficiency Services Limited (EESL), a government 

company has been designated as the implementation agency for this programme. The objectives of the 

programme are: reduction in the energy consumption for lighting which in turn reduces the peak demand; 

promotion of most efficient lighting technology by providing LEDs at subsidised prices which reduces the 

consumer electricity bill; encouragement and support to the domestic manufacture of LED bulbs; increase 

the demand of LED and reducing the price by economies of scale (Ministry of Power, 2015). 

National Mission for Enhanced Energy Efficiency (NMEEE) 

National Mission for Enhanced Energy Efficiency (NMEEE) is one of eight national missions outlined in 

the National Action Plan on Climate Change in June 2008. NMEEE consists of four initiatives to enhance 

energy efficiency in energy-intensive industries. Figure 10 presents the initiatives in the NMEEE. 

Perform Achieve and Trade (PAT)“A market-based mechanism to enhance cost effectiveness of improvements 

in energy efficiency in energy-intensive large industries and facilities, through certification of energy savings 

that could be traded (BEE, 2008).” PAT has three steps – Goal setting for the Specific Energy Consumption 

(SEC) target for each plant; reduction phase of 3 years for the designated consumers to achieve their set 

goal and; a trading phase where the consumers who exceed the target can trade these savings in form of 

certificates to unsuccessful consumers. PAT in its first phase (2012 -15) was designed to reduce the Specific 

Energy Consumption (SEC) in energy-intensive industries in eight sectors viz. Aluminium, Cement, Chlor- 

Alkali, Fertiliser, Iron & Steel, Paper & pulp, Thermal Power Plants, and Textile. PAT cycle -1 achieved 

8.67 million tonnes of oil equivalent (Mtoe) which was 30% more than the set target of 6.686 Mtoe (BEE, 

2008). 

Market Transformation for Energy Efficiency (MTEE)“Accelerating the shift to energy efficient appliances in 

designated sectors through innovative measures to make the products more affordable (BEE, 2008).” The 

initiative includes the following activities: 

Standards and Labelling: Phase-wise mandatory labelling for equipment and appliance for domestic sectors, 

hotels, offices, industries and transport sector. The scheme is covering 19 equipment/appliance of which 

Room Air Conditioner, Fluorescent Tube Lights, Frost Free Refrigerators should have mandatory labels.  

Technology Program: Replacement of inefficient appliances by more efficient appliances such as efficient 

lighting, ballasts, air conditioner, refrigerator in the domestic sector. 

Energy Efficiency Financing Platform  

“Creation of mechanisms that would help finance demand-side management programmes in all sectors by 

capturing future energy savings (BEE, 2008).” Tax exemptions are given to the companies which are making 

profit and gains from energy efficient projects by Energy Service Companies (ESCos) and Venture Capital 

funds. Reduction of Value added tax for energy efficient equipment. 

Framework for Energy Efficient Economic Development 

“Developing fiscal instruments to promote energy efficiency (BEE, 2008).” Under this scheme, two funds 

were created viz. Partial Risk Guarantee Fund for Energy Efficiency (PRGFEE) and Venture Capital Fund 

for Energy Efficiency (VCFEE). 
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Figure 10 Initiative of NMEEE [Source: (BEE, 2008)] 

Renewable Energy 

Policies and Measures 

National Energy Policy (Draft) launched in 2017 is a comprehensive energy policy covering all sources of 

energy with four objectives – Access at affordable prices, Improved security, and independence; Greater 

sustainability; and Economic Growth. The policy set a national capacity target of 175 GW for the year 2022 

and a capacity of 597-710 GW is expected to be achieved by 2040. In the policy, it is exclusively mentioned 

that the state governments must take the necessary initiatives. The central government will provide technical 

and financial support but will not directly engage in the generation. The national agencies such as Solar 

Energy Corporation of India Limited (SECI), Indian Renewable Energy Development Agency (IREDA), 

government Research and Development institutions will provide support such as power purchase 

agreement, project execution know how, and channelizing funds (NITI Aayog, 2017a). 

Odisha Renewable Energy Policy: Understanding the importance of RES in the energy mix, the 

Government of Odisha launched a comprehensive policy covering all the RES. Earlier in 2013, Odisha 

launched a draft policy for the development of Solar. The policy covers technologies such as solar, wind, 

small hydro, biomass, and waste to energy. The policy shall remain in force till dated 31st March 2022 unless 

new policy is introduced before. The main objectives of the policy are: a) contribute to long term energy 

security and as well as ecological security by reducing CO2 emissions; b) create an ecosystem favourable to 

public/private/community participation and investment in renewable energy source; c) create skilled and 

semi-skilled labour required for implementation; d) facilitate the research and development in the renewable 

energy sector. The policy envisages a target of 2750 MW capacity of renewable energy by 2022 (Department 

of Energy, 2016b). 

Jawaharlal Nehru National Solar Mission (JNNSM): The mission was launched in 2010, to promote solar 

PV with a target of 20 GW by 2022, later revised to 100 GW by 2022 in 2014. The target will comprise of 

40 GW rooftop and 60 GW large and medium scale grid connected solar power projects. In the first phase, 

the government is providing Rs 1,505 Billion as capital subsidy to promote solar addition in the country 

(SECI, 2010).   

Renewable Purchase Obligation (RPO): Under section 86(1)(e) of Electricity Act 2003, all obligated entities 

such as Distribution Companies (DISCOMs), Open access consumer, Captive Power Plants (CPP) are 

mandated to purchase a certain percentage of power from RES. Complying to this mandate, the Odisha 

Electricity Regulatory Commission (OERC) has issued OERC 2015 regulations mandating the obligated 

entities to purchase a certain percentage of power from RES. The regulation specifies that 5.5% of total 
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power should be procured from solar and 5.5% from non-solar in the year 2020. The revised National Tariff 

Policy notified on 28th January 2016 directed the State Electricity Regulatory Commissions to reach 8% 

RPO from solar and 7% RPO from non-solar by 2022 (Department of Energy, 2016b). 

Renewable Energy Certificate (REC): RES are not uniformly located and not all states are equally endowed 

with the resources. To facilitate the Renewable Purchase Obligation (RPO), the central government 

launched the REC mechanism in 2010. The obligated entities can buy REC instead of directly buying 

renewable energy from the other states. Under this mechanism, total of 907 projects with installed capacity 

of 3,948 MW are registered and from Odisha four projects of 30 MW capacity are registered. The value of 

one REC is equivalent to 1 MWh of electricity injected to the grid from RES (POSOCO, 2018).  

Institutions 

Solar Energy Corporation of India Limited (SECI) is a central public sector undertaking set up in 2011 to 

facilitate the implementation of Jawaharlal Nehru National Solar Mission (JNNSM) to achieve the target set 

in it. The main responsibility is the viability gap funding scheme for large scale grid connected projects under 

JNNSM, solar park schemes, and grid-connected solar rooftop (SECI, 2010). 

IREDA is a central government company set up in 1987 as a non-banking financial institution involved in 

promoting, developing and extending financial support for new and renewable energy projects. IREDA is 

the agency for disbursing generation-based incentives for grid operated wind projects (IREDA, 2010). 

Odisha Renewable Energy Development Agency (OREDA): In 1984, the Government of Odisha 

constituted OREDA as a state nodal agency to popularise the exploration and use of renewable energy 

resources in the state. The agency is under the Department of Science & Technology, Govt. of Odisha. The 

mandate of the agency covers the entire range of RES such as Solar, Wind, Hydro, Biomass, Geothermal 

and Tidal energy. OREDA is the nodal agency for Solar Photo Voltaic (PV) rooftop below 1 MW capacity; 

wind power development; biomass-based power projects; waste to energy projects; micro/Pico hydro 

projects (Department of Energy, 2016b). 

Green Energy Development Corporation of Odisha (GEDCOL): It is a wholly owned subsidiary of Odisha 

Hydro Power Corporation Limited created with the sole objective of promotion of renewable energy in the 

state. GEDCOL shall be the nodal agency for all solar PV projects of capacity greater than 1 MW and hybrid 

projects (Department of Energy, 2016b). 

Incentives 

Feed in Tariffs: The preferred option for new renewable projects is a competitive price bidding process. 

However, the projects developed under Memorandum of Understanding (MOU) route shall be subject to 

feed-in tariff determined by OERC. The tariff period for renewable energy projects such as Solar, Wind, 

Biomass, and non-fossil cogeneration shall be thirteen years and for Small Hydro Electric Projects (SHEP) 

is 25 years (OERC, 2013). 

Land: The Government earmarked land for the industry under the “Land bank scheme” of Odisha 

Infrastructure Development Corporation may be allotted for renewable energy projects at rates mentioned 

in Industry Policy Resolution (IPR) 2015. Exemptions shall be provided to the projects from the ceiling of 

land holdings as per the Land Reforms Act (1960) Odisha. OREDA/GEDCOL shall facilitate land 

clearance for the development of projects (Department of Energy, 2016b). 

Electricity Duty: All new projects will be exempted from paying electricity duty for self-consumption for a 

period of five years from the date of commercial operation (Department of Energy, 2016b). 

Generation based incentives: It is an incentive provided by the central government to solar and wind 

projects. The incentive is disbursed through IREDA. The wind projects are provided with an incentive of 

Rs 0.50 per kWh for a period of not less than 4 years and for maximum of 10 years. 
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The state government will create Odisha Renewable Energy Development fund for accelerated development 

of renewable energy in the state. The state shall provide a corpus of Rs 2,500 million spread over five years 

(Department of Energy, 2016b). 

2.3 Energy Sources for Electricity Generation 

Coal  

Odisha has second highest coal deposits in India having 75.89 billion tonnes of reserves in 2016 (Hota and 

Behera, 2015; Planning and Convergence Department, 2017). Odisha has two coal fields – Talcher and Ib 

Valley. Talcher coalfield has the highest reserve of 51.163 Billion Tonnes in the country (MahanadiCoal, 

2017).   Other than utilising the coal for the thermal plants located in the state, Odisha is one of the major 

suppliers of coal to thermal power plants in Southern India (Hota and Behera, 2015). 

The total installed capacity of the coal power plant in the state is 16.21 GW including the captive coal plants 

which utilise the generation for own consumption. The total installed capacity for captive generation is 7337 

MW(OSPC Board, 2017). In 2015, the total firm capacity available for Grid Corporation (GRIDCO) is 

3039MW (Govt. of Odisha, 2015). There are four categories of coal-based thermal power plants – 1) State 

Government Owned generating station 2) Central Government Owned Generating stations 3) Private or 

Independent power producers 4) Captive power plants. All the generating stations are thermal power plants. 

Table 2 presents the firm capacity available with GRIDCO through bulk purchase agreements. 

Source Location Installed 

Capacity 

(MW) 

Latest firm Entitlement Year from 

which plant is 

available 

State Sector Thermal 

Generating Stations  

 

  % MW  

Ib Thermal Power Station, 

Jharsuguda  

Odisha 420 100 420 1994 

Central Sector Thermal 

Generating Stations  

     

TTPS, Talcher  Odisha 460  100 460 1967 

Farakka STPS, Stage-I & II  West Bengal 1600  13.81 221 1986 

Farakka STPS, Stage-III  West Bengal 500 16.87 84 2012 

Kahalgaon STPS, Stage-I  Bihar 840 15.4 129 1995 

Kahalgaon STPS, Stage-II  Bihar 1500 2.24 34 2008 

Talcher STPS, Stage-I  Odisha 1000 31.97 319 1997 

Talcher STPS, Stage-II  

 

Odisha 2000 10 200 2003 

Barh STPS, Stage-II  Bihar 1320 12.50 165 2014 

Independent Power 

Producers / Join Ventures 

(IPPs / JVs  
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Vedanta Ltd., Jharsuguda  Odisha 2400 25 600 2010 

GMR Kamalanga Energy 

Ltd., Dhenkanal  

Odisha 1050 25 262.5 2013 

Jindal India Thermal Power 

Ltd., Talcher  

Odisha 1200 12 144 2015 

Total    3039  

Table 2 Installed firm capacity of coal power plant available to the State Utilities [Source: (Govt. of Odisha, 2015)] 

Large Hydro 

This section considers medium and large hydro with an installed capacity larger than 30 MW. The total 

capacity of hydroelectricity is 2279 MW with some plant on a shared basis with the central government. In 

2015, the state hydro-generating company OHPC (Odisha Hydro Power Company) provided 25% of the 

total energy needs of the state at an average cost of Rs 0.80/kWh which is the cheapest source of electricity 

(Govt. of Odisha, 2015). Table 3 shows the different power plants and share of the Odisha government. In 

the central sector, two power plants- Chuka & Tala are in Bhutan.  

Source Location Installed 

Capacity 

Latest firm 

Entitlement 

Year from 

which plant is 

available 

State Sector Hydro Generating 

Stations  

  % MW  

Burla Powerhouse  Odisha 275 98 270 1958 

Chiplima Powerhouse  Odisha 72 100 72 1962 

Balimela Powerhouse  Odisha 510 100 510 1973 

Rengali Powerhouse  Odisha 250 100 250 1985 

Upper Kolab Powerhouse  Odisha 320 100 320 1988 

Upper Indravati Powerhouse  Odisha 600 100 600 1999 

Machhkund Powerhouse  Odisha 114 50 57 1955 

Central Sector Hydro Generating 

sector 

     

Chukha Hydro Electric Project  Bhutan 336 15.19 51 1988 

Tala Hydro Electric Project  Bhutan 1020 4.25 43 2006 

Teesta-V Hydro Electric Project  Bhutan 510 20.59 105 2008 

Total    2279  

Table 3 Firm Hydro Capacity available for utilities in Odisha in 2015 [Source: Govt. of Odisha 2015] 

Solar   

Odisha receives average solar radiation of 5.5kWh/m2 with capacity utilisation factor of range 15-17% and 

300 clear sunny days each year. National Institute of Solar Energy (NISE) carried out an exercise to calculate 

the solar potential of India based on 2011 census data and estimated 26 GWp as the solar potential of 

Odisha (MNRE, 2014b). The total installed capacity is 138MW and the government has a target to increase 

the installed capacity to 2,200 MW by 2022. Solar Energy Corporation Limited has given approval for a 

total of 1000 MW solar park at Balasore, Boudh, Deogarh, Kalahandi, and Keojhar in 2015, and GEDCOL 
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will be the implementation agency for these projects. OREDA has planned for solar electrification of 

government buildings with a total installed capacity of 30MW by 2019 (SECI, 2010). 

Biomass 

In the Odisha Renewable Energy Policy 2016, biomass is defined as “waste produced during agricultural 

and forestry operations (for example straws and stalks) or produced as a by-product of processing operations 

of agricultural produce (e.g., husks, shells, de-oiled cakes, etc); wood produced in dedicated energy 

plantations or recovered from wild bushes/weeds; and the wood waste produced in some industrial 

operations”. The government appointed OREDA as the nodal agency for biomass-based power plants. The 

current installed capacity is 20 MW. The government has an installed capacity target of 150MW by 2022. 

The nodal agency shall carry out resource assessment studies, supply chain mechanisms and identify 

catchment areas to harness the potential of biomass. The selection of project developer will be based on 

competitive bidding if GRIDCO agrees to buy and for selling to the third party the projects will be allocated 

on first come first serve basis. The government will allocate land according to the IPR 2015 and wasteland 

can be allocated to the developer to raise plantations to cater to 20% of the annual fuel requirement. The 

developer can either use the power generated for captive use or sell it according to the regulations of OREC 

(Department of Energy, 2016b). The total installed capacity was 20MW in 2015 (Govt. of Odisha, 2015). 

The estimated biomass potential in Odisha is 1280MW (MNRE, 2014a). 

Small Hydro Electric Plant (SHEP) 

The Government of Odisha and India have been promoting the development of micro, mini and small 

hydroelectric power plants. The plant with an installed capacity up to 100kW is micro, up to 2000kW is mini 

and up to 25MW is a small hydroelectric plant. The state has a dedicated policy for SHEP from 23rd June 

2013. A generating company doesn’t have to acquire a license from OERC for setting up the plant. The 

developer can use the power for captive use at the generated location or any other location inside or outside 

the state by paying the access fee and wheeling charges agreed upon by OERC. The energy not utilised by 

the developer for captive use will be treated as being sold to GRIDCO at a price negotiated earlier. Land 

required by the project will be provided by the government directly or through IDCO. Grid infrastructure 

needed to connect to the main grid has to be borne by the developer. All incentives applicable to new 

industrial units will be applicable to SHEP with no royalty charges for water for the first five years of 

operation (Department of Energy, 2003). The total installed capacity of SHEP in Odisha was 57MW in 

2015. There are three SHEP middle Kolab (25MW), Lower Kolab (12MW), and Samal (20MW) in operation 

from 2009 (Govt. of Odisha, 2015). The government has a target for an installed capacity of 150 MW by 

2022 (Department of Energy, 2016b). The state has a potential of 295.47 MW of SHEP (MNRE, 2016). 

Wind 

National Institute of Wind Energy (NIWE) assessed the wind potential of India at 100 m hub height and 

estimated it as 302 GW. OREDA is the nodal agency for the promotion of wind energy in Odisha. OREDA 

carried out wind resource assessment at various hill tops. The state has a setup a target of 200MW by 2022. 

NIWE in its study done in 2010 found 910 MW @50m and 1384 MW @80m height. The study later 

corrected and enhanced the potential of Odisha to be 3.023 GW @100m (NIWE, 2015).  At present, there 

is no installed capacity. To kickstart the wind project development in Odisha , Grid Corporation of Odisha 

shall buy 50 MW of power at feed-in tariff determined by OERC (Department of Energy, 2016b). 

Waste to Energy (WTE) 

To facilitate Waste to Energy power plants in the energy mix, the state government included it in the 

Renewable Energy Policy 2016. OREDA will act as the nodal agency for the development of waste to energy 

plant mainly based on municipal waste, industrial and agricultural waste. The Urban Local Body (ULB) 

which are Municipal Corporations, Municipalities and Notified Area Council is responsible for selecting the 

project developer and the allotment of the WTE projects. The ULB will be responsible to collect, sort, 

transport solid waste to the plant location. The solid waste will be provided free of cost to the developer 

and cost for processing and transportation are also borne by the ULB. GRIDCO will purchase the power 
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from plants at generic tariff determined by OERC. The present installed capacity in the state is 0MW. The 

target for an installed capacity of WTE plants is 20 MW by 2022 (Department of Energy, 2016b). (Das, 

Panda and Kisku (2017) estimated in their study the with 3740 tonnes per day waste generated in the state, 

the potential for WTE is 405MW.  

2.4 Electricity Demand 

The electricity demand in the state has grown from 22,506 Million kWh in the year 2011 to 26,482 Million 

kWh in the year 2015, a compound average growth rate of 4.15 %. The peak demand was 3,920 MW in the 

year 2015. The energy requirement and peak demand do not include the consumption by the captive 

generation (Govt. of Odisha, 2015). The Odisha Electricity Regulatory Commission does the reporting of 

energy requirement in six sectors agriculture, industry, residential, commercial, transport and others. The 

others sector includes the consumption for public lighting, public works, traction. The industry sector 

excluding the captive consumption accounted for 41% of total consumption followed by households with 

36% and the rest is agriculture, commercial, transport and others (OERC, 2015). 

Agriculture  

The subsectors of broad agriculture include crop, livestock, and forest. The total crop area covers 35% of 

the total geographic area with more than 60% of the population dependant on it and 20% share in the 

GSDP. The state government is keen to improve agricultural production and increase productivity. 

According to the 2011 census, Odisha had 4.1 million cultivators and 6.7 million agricultural labourers out 

of total of 17.54 million workers. Net sown area (NSA) is the most significant land use, after the forest area. 

The total NSA is 5.63 million hectares in 2016. In 2010-11, the state had 4.64 million operational holdings 

of which 91.8% were marginal (0.57 ha) and small (1.63 ha) holdings, 8% were medium (2.95 ha) and semi-

medium (5.99 ha) holdings and less than 1% large holdings (23.72 ha). Irrigation is very crucial to crop 

production and during 2016-17 additional 0.12 million hectares irrigated area created through lift irrigation. 

In addition, other efforts are put to install several shallow tube wells, bore wells, dug wells, and surface lifts. 

The per hectare power consumption has been increasing and it reached 1.61 kWh/ha by the end of 2016 as 

seen in Figure 11 (Planning and Convergence Department, 2017). 

 

 

Figure 11 Farm power input per hectare [Source: Directorate of Agriculture and Food Production, Odisha] 

(Rawat and Mukherji, 2012) pointed out in their study about the poor state of irrigation statistics in India. 

The authors compared the data on wells, tube wells, diesel and electric pumps from four different sources 

namely Minor Irrigation Census (MIC), Agricultural Census (Ag) Input Survey (InS) and statistics from State 

Electricity Boards (SEB). A ten to twenty per cent difference in figures was due to definition difference and 

time lags, but the difference which is greater than 40 % raise doubts about the authenticity of the data. In 

Odisha, for diesel pumps between two sources, the error is more than 40%, for electric pumps the error is 

less than 5%. 
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The power consumption for agricultural purposes especially for minor irrigation has increased from 150 

million kWh to 242 million kWh in 2015 which accounts for 1.97 % of the total power consumption in 

Odisha. Expanding coverage of rural electrification and incentive packages for agricultural activities under 

the State Agricultural Policy to promote the usage of energy led to the rise of electricity consumption in the 

sector.  

Residential  

The residential sector consumption accounted for 36% of the total state electricity in the year 2015, second 

to the industry sector. The residential sector has the highest number of consumers. In residences, electricity 

is used for various end-uses such as lighting, cooking, refrigerating food, cooling rooms, entertainment and 

others. According to a study, in 2015 the rate of household electrification was 56% with 82% in urban and 

51% in rural areas (Govt. of Odisha, 2015). The household electricity consumption will increase due to two 

main reasons- the government scheme to provide 100% household access by 2022 and increasing household 

income will enable more people to afford the appliances. In 2015, according to a report published by 24x7 

Powel for all initiative, the average daily power consumption per household is 2.19 kWh in rural areas and 

4.42 kWh in urban areas. The value is estimated by considering total consumption and the number of 

households (Govt. of Odisha, 2015).  

NSSO (2015) provides data about the source of energy for lighting for overall India and state-wise. In 

Odisha, 67.6 % of rural households and 96.2% of urban households used electricity as the primary source 

of energy for lighting. Most of the remaining household used kerosene for lighting. If the use of electricity 

for lighting is considered as the rate of electrification than it contradicts with the rate of electrification 

mentioned by Govt. of Odisha in 2015. This may be due to several reasons such as theft of electricity which 

is not considered in the survey, use of solar lamps and sampling error in the data. 

To meet the energy demand for cooking, the households use coke, firewood & chips, LPG, dung cake, 

charcoal, kerosene, electricity and others. Some households use a combination of energy source for end-use 

induction cookstove (electricity) and a cook-stove (biomass) depending on the availability of the energy 

source (Chunekar, Varshney and Shantanu, 2016). Firewood and chip accounted for 87% in rural and 36.5% 

in urban in 2011 (NSSO, 2015). The share of electricity in cooking is very low (0.2% in rural and 1.4% in 

urban). Table 4 presents the type, share and quantity of fuel used per person in 30 days in the households. 

Fuel Rural Urban Quantity per person per 30 days  

 Percentage of households Rural Urban 

Kerosene (Litre)1 0.2 4.8 0.56 0.518 

Coke, coal (Kg) 0.9 3.8 0.246 1.015 

Firewood & Chips (Kg) 87 36.5 29.962 15.698 

Dung cake (Kg) 1.8 0.2 - - 

Charcoal (Kg) 0.1 0.3 0.017 0.065 

LPG (Kg) 3.9 43.5 0.115 1.418 

Electricity (kWh)2 0.2 1.4 10.173 23.937 

Others 5.1 1.0 - - 

Table 4  Type of fuel used for cooking in 2011[Source: NSSO 2015] 
1 It includes both lighting and cooking 
2 Includes all usages of electricity 
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Majority of the electricity consumed in the households is used to power appliances. The ownership of 
appliances is very much elastic to income. With increasing electrification rates and raising income level, the 
number of households owning appliances is increasing very rapidly in India (de la Rue du Can et al., 2009). 
NSSO surveys (2007, 2015) provide appliance ownership by Monthly per capita Expenditure (MPCE) for 
rural and urban areas. The number of households owning a television has increased from 17.7% in 2004 to 
41.9% in 2011 in rural areas and increased from 53.6% in 2004 to 73.1% in 2011 in urban areas. In the case 
of refrigerators, in the same period, increased from 1.3% to 4.5% in rural areas and from 22.5% to 34.2 % 
in urban areas. For electric fans, it is impressive growth, more than doubled from 26.1% to 58.2% in rural 
areas and increased from 72.8% to 86.7% in urban areas (NSSO, 2007, 2015). Some pattern can be observed 
with the ownership of appliances, television and electric fans are more evenly distributed across the income 
levels. While other appliances such as refrigerator, washing machine and PC/laptop can be considered as 
luxurious appliances as they are owned mostly by higher income groups. Figure 12 and Figure 13 present 
the appliance ownership with respect to income in rural and urban areas. 

 

 

Figure 12 Appliance Ownership Vs Income in Rural areas in 2011 [Source: (MOSPI, 2014)] 

 

Figure 13 Appliance Ownership Vs Income in Urban areas in 2011 [Source: (MOSPI, 2014)] 

Industry 

The state government has adopted strategic initiatives based on policy intervention and infrastructure 

creation to promote industrialisation. The state government notified a new Industrial Policy in 2015 to make 

Odisha an attractive destination for investment by facilitating the development of special economic zones. 

The plan aims at creating an additional 2 million jobs at an investment of Rs 2.5 trillion by the year 2025. 

Manufacturing and mining & quarrying sub-sector play a decisive role in the growth of the industry sector. 

The share of this sector is 38.36% in 2016 and grew at 6.06% CAGR in the time-period 2011-16. The sector 

provides employment to more than 1.2 million persons both skilled and unskilled (Planning and 

Convergence Department, 2017). 
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The manufacturing sub-sector had Gross Value Added (GVA) of about Rs 620 billion in 2017 at current 

prices accounting for 16.23% of the GSDP. The state has 213 large industries and 39 medium industries. 

The state has become a promising hub for manufacturing sector, especially ferrous and non-ferrous metals. 

The state is the largest producer of stainless steel in the country and has a 20% share of the country’s steel 

production capacity. The installed capacity of crude steel in Odisha is 33 million tons in 2018 (Pioneer, 

2018). The present capacity of alumina refinery of the GoI owned NALCO is 2.275 million tons per annum. 

The micro, small and medium industries (MSME) include khadi and village industries, coir industries, and 

salt producers in the state. A cumulative total of 154,509 MSME were set up from 2012 to 2017. Odisha is 

bestowed with a coastline of about 480kms and salt is manufactured in the state from sea water in the coastal 

districts of Ganjam, Puri and Balasore. 

The mining and quarrying sub-sector has a share of 7.72% in the GSDP of Odisha. It provides direct 

employment to 5.2 million persons through mineral based industries. Building stones, gravel, ordinary clay, 

ordinary sand other than for specified purpose are considered as minor minerals. Odisha has 75,895 million 

tonnes of coal, 300.83 million tonnes of chromite, 7168.16 million tonnes of iron ore, 2047.72 million tonnes 

of bauxite, and 1764.46 million tonnes limestone reserves in 2017 as major minerals. Over the last three 

years, the production of all minerals has substantially grown as seen from Table 5 (Planning and 

Convergence Department, 2017). 

 

Table 5 Minerals/ore production in Odisha [Source: Directorate of mines, Odisha] 

Commercial 

The share of services sector in GSDP is a whopping 41% in 2017-18.  The share of trade, hotel and 

restaurant is 10.37%, other services is 8.74%, real estate is 7.81% and transport, railway, storage and 

communication is 9.38%. Odisha is a rich tourist hub with its archaeological history, strategic geographical 

location, diverse demography. Odisha has a very high intensity of overnight domestic tourism with an 

average of 541 trips per 100 households compared to national average of 418 trips per 100 households. In 

2016-17, 12.91 million tourists arrived as against 11.85 million, a growth of 8.99%. The trade and hotel 

industry has been growing consistently. In 2016, there were 1,823 hotels with 37,674 rooms and 75,152 beds 

out of which 433 were catered to high spending group, 474 to middle spending group and 916 to the low 

spending groups (Planning and Convergence Department, 2017). Telecommunication sector is a stimulus 

for economic growth. In Odisha, there are 40,382 Base Transceiver Stations (BTS) and 15,103 telecom 

towers (Department of Telecommunications, 2017). The average power demand for a BTS or telecom tower 

is 2.5 kW (Akanksha and Singh, 2017). 

Transport 

The total number of vehicles in Odisha including transport and non-transport is more than 5 million which 

are run by petrol or diesel. Table 6 shows the number of vehicles in different categories. India is witnessing 

a growth in electric vehicles, 56,000 electric vehicles were sold in 2017 compared to 25,000 in 2016 with 

more than 150% growth (NDTV, 2018). Bhubaneswar the capital of Odisha, is planning to improve public 



-29- 
 

transport through the e-mobility plan. It plans to introduce 148 new electric buses to move 192,000 

passengers every day and for last mile connectivity, it will introduce 500 e-rickshaws (BPTS, 2017). The 

increase in electric vehicles will increase the demand for electricity. 

TYPE Number 

Transport - Multi-Axle/ Articulated Vehicles/ Trucks and Lorries 148519 

Transport - Light Motor Vehicle (Goods) 154516 

Transport - Buses 25001 

Transport - Taxis 91902 

Transport - Light Motor Vehicle (Passenger) 105951 

Transport - Total Transport 525889 

Non-Transport - Two Wheelers 4126257 

Non-Transport - Cars 272976 

Non-Transport - Jeeps 47379 

Non-Transport - Omni Buses 3668 

Non-Transport - Tractors 113384 

Non-Transport - Trailers 99305 

Non-Transport - Others 29737 

Total 5218595 

Table 6  Number of Vehicles in Odisha in 2015 [Source: (MORTH, 2015)] 

Indian Railways which is responsible for rail network in India purchase power from the state utilities to run 

the electrified trains. Odisha has 2752 kms of railway line of which 464 kms is unelectrified. The Indian 

Railways bought 1031 Million kWh in 2015 (Govt. of Odisha, 2015). 

Others 

The consumption accounted for this sub-sector is taken from the metered data under the following 

categories – Public Lighting, Specified Public Purpose, Public Water Works, and High Tension(HT) 

Specified Public Purpose  (OERC, 2018). The electricity consumed in the others sector has increased from  

321 million kWh in 2009 to 539 million kWh in 2015 (Govt. of Odisha, 2015). 
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3 Energy Modelling 

Energy modelling is the building of computer models to analyse the energy system. Energy models facilitate 

sustainable development by forecasting the energy demand and supply of any nation or region. The results 

of these models are often used by environmentally concerned scientists, politicians, and NGOs to interpret 

the feasibility of major changes to energy systems (Herbst et al., 2012). Energy models help to - plan for the 

future needs; identify and prioritize utilization of energy resources; frame policy decisions; identify strategies 

to reduce emissions; implement strategies for energy efficiency improvements (Suganthi and Samuel, 2012). 

Such models often include scenario analysis to investigate different assumptions. Scenario analysis follows 

a systematic approach to create four to five conceivable alternative narratives that define the probable 

development of key areas of uncertainty. Jarke et.al (1998) defined scenario analysis as a “description of a 

possible set of events that might reasonably take place. The main purpose of developing scenarios is to 

stimulate thinking about possible occurrences, assumptions relating these occurrences, possible 

opportunities and risks, and courses of action.” 

There are two fundamental approaches to modelling – top-down and bottom-up. The top-down model is 

based on macroeconomic principles and techniques and bottom-up modelling is based on disaggregation 

and inclusion of numerous technical parameters. Top-down models are considered at an accumulated level 

with parameters based on historical consumption. Bottom-up models are considered in detail and describe 

the usage of specific energy technologies with both economic and technical parameters(Klinge Jacobsen, 

1998). Figure 14 shows the difference between the top down and bottom up principle. 

 
Figure 14  Aggregation level for relations determining, e.g. energy demand [Source: Klinge Jacobsen, 1998] 

3.1 Energy Modelling Tools  

In a review paper, Suganthi and Samuel, (2012) have listed various approaches for energy modelling and 

scenario analysis. The author has categorised different energy demand forecasting models as –(a) Time series 

models (b) Regression Models (c) Econometric models (d) Decomposition models (e) cointegration models 

(f) ARIMA models (g) Artificial systems (h) grey prediction models (i) Input-output models (j) Fuzzy 

logic/genetic algorithm models (k) Integrated models- autoregressive, support vector regression, particle 

swarm optimisation models (l) Bottom-up models -MARKAL/TIMES/LEAP. Urban et.al. (2007) have 

assessed many present-day modelling tools for developing countries to find whether they address the main 

characteristics of developing countries energy systems and their economies. The main characteristics used 

for evaluation are the performance of the power sector, urban-rural divide, supply shortages, traditional 

biofuels, informal economy, structural economic change and subsidies. The models which addressed a large 

number of characteristics are LEAP, MESSAGE, RETScreen, and WEM. The models which addressed a 

medium number of characteristics are MARKAL, MiniCAM, AIM, IMAGE/TIMER, PowerPlan, and 

SGM. The models satisfying the least number of characteristics are MARIA and ASF.  

3.2 LEAP framework 

“LEAP, the Long-range Energy Alternatives Planning System is an extensively used software tool for energy 

policy analysis and climate change mitigation assessment developed at Stockholm Environment Institute. 
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LEAP has been embraced by thousands of organisations, academics, governmental and non-governmental 

agencies, consulting companies and energy utilities in more than 190 countries worldwide. LEAP is fast 

becoming de-facto standard for countries undertaking integrated resource planning, greenhouse gas 

mitigation, especially in developing countries. LEAP is an integrated, scenario-based modelling tool that can 

be used to track energy consumption, production and resource extraction in all sectors of the economy. 

LEAP has been accepted widely for its flexibility and ease of use for presenting complex energy analysis in 

a transparent and intuitive manner. LEAP supports a wide range of modelling techniques; on demand-side 

these range from bottom-up, end-use accounting techniques to top-down macroeconomic methodologies. 

LEAP can be used as a medium to long-range modelling tool. LEAP is designed around the concept of 

scenario-analysis. Using LEAP, users can create and evaluate alternative scenarios by comparing their energy 

requirements. One of the key benefits of LEAP is its low initial data requirements. LEAP provides energy 

balances in different formats -tables, charts, and Sankey diagrams. LEAP includes a comprehensive 

Technology and Environment Database (TED) which describes the technical characteristics, costs and 

environmental impacts of a range of existing and next-generation energy technologies (LEAP, 2011)”. 

Figure 15 presents the structure of LEAP’s calculation. 

 
Figure 15 The structure of LEAP's Calculation [ Source: (LEAP, 2011)] 

There are numerous research papers which have used LEAP software tool to meet the objective of their 

research. McPherson and Karney (2014) applied the LEAP model for long-term scenario alternatives and 

their implications for Panama’s electricity sector. The focus is on the electricity generation side using 

electricity generation plant development, electricity demand, technology performance, system load curve. 

The alternative scenarios developed are meeting increased demand with hydro maintaining fossil fuel usage, 

meeting increased demand with wind and geothermal maintaining fossil and hydro levels and totally 

replacing the existing fossil and meeting the increased demand with wind and geothermal. The output of 

the research is a comparison of generation mix for the selected timeline, annual average cost and annual 

GHG emission for the mentioned scenarios. Dagher and Ruble (2011) assessed the alternative scenarios 

and their implications for Lebanon’s electricity sector with a prime focus on generation side. Huang, Bor 

and Peng, (2011) forecasted Taiwan’s energy supply and demand including all the sectors such as 

transportation, services, industry, agriculture and household. It included the outlook of energy demand by 

fuel type and scenario comparison of business as usual with governments energy conservation and emission 

reduction policy and retirement of nuclear plants. Rogan et al., (2014)  build a model of energy demand and 

supply for Ireland with a focus on evaluating and providing insights for energy efficiency policies. The 

author applied detailed bottom-up modelling for residential and transport sector and top-down modelling 

for industry and service sectors.   
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4 Methodology 

This section describes the methodology used in this study. The analysis comprises the demand and supply. 

The input data for the base year is determined, demand (in section 4.1), supply (in section 4.1), followed by 

the model description where the methods for projection are presented. It is followed by scenario 

development which includes the assumptions for the scenarios. 

The electricity system is analysed by building a model for demand and supply in LEAP. The demand model 

includes the use of electricity in six sub-sectors namely agriculture, residential, industry, commercial, 

transport and others. The demand model is based on the hybrid model where both bottom-up and top-

down modelling is used. To estimate demand, the household sector is analysed with the bottom-up 

approach; transport with hybrid; industry, commercial, agriculture and other sectors are analysed with top-

down approach. The choice of the model approach is based on the availability of data. The data for the 

industry, commercial, agriculture, and others sectors are aggregated consumption in the sector. In the 

residential sector, the electricity consumption per household in rural and urban areas is available. The 

household consumption is not considered at the appliance level as the survey of appliance ownership was 

last done in 2011 and data about all appliances are not included in the survey (MOSPI, 2014). In the bottom-

up modelling of the residential sector, the average consumption of each household and number of 

households are considered. The top-down approach for industry, commercial and others is based on 

historical consumption and GDP growth. The transport sector is modelled with hybrid model. The railways 

sub-sector is modelled with top-down approach and passenger road transport with bottom-up model.  For 

transport subsector, electricity consumption for railways is based on historical consumption and electricity 

consumption by electric vehicles is based on the number of electric vehicle and the fuel economy of the 

vehicles. Table 7 gives data about the modelling approach applied to each subsector.   

Sector  Methodology Approach Unit of Consumption 

Agriculture  Top - Down GDP 

Residential  Bottom - up Households 

Industry  Top - Down GDP 

Commercial  Top - Down GDP 

Transport (Railways)  Top-Down GDP 

Transport (Road)  Bottom-Up Number of Vehicles 

Others  Top - Down GDP 

Table 7 Demand projection model approach sector wise 

 

The supply model simulates the conversion and transportation of electricity from the point of extraction of 

primary resources to the final consumption. It is built in LEAP under the transformation analysis module. 

The type of technology used for electricity generation is added to the processes under the module – 

“Electricity Generation” segregated by the type of feedstock fuel. The transmission and distribution losses 

are added to the Transmission and Distribution module under the transformation analysis. The output fuel 

of the “Electricity Generation” module is electricity. The transformation calculations are driven by demand 

analysis. Figure 16 shows the model for Supply built in LEAP. 
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Figure 16 Electricity Supply model in LEAP 

Four scenarios – business as usual (BAU), improvement in energy efficiency (IEE), high renewable energy 

share (HRE) and combined energy efficiency and renewable energy (CER) scenario are developed with 

detailed assumptions based on past and future trends. In the BAU scenario, it is assumed no new policies 

are introduced and the pattern follows the past trends. In IEE scenario, the full potential of energy saving 

is considered with improvements in energy efficiency. In HRE scenario, the possibility of an increased share 

of RES in the electricity mix is analysed exploring the full technical potential available in the state. In the 

CER scenario, the IEE and HRE scenarios are combined. The detailed methodology and data used in the 

model for each sector is described in the following sections. 

4.1 Model Input Data 

This section describes the input data to the LEAP model. The base year for the analysis is 2018 and the 

projection is made until 2050. The scale in the LEAP model is chosen as sub-national. The monetary year 

is 2018 and the first depletion year is 2019. 

Demand  

The details of the demand from all sectors is described in section 2.4. The major use of electricity in 

agriculture sector is pumping of water for irrigation of the agriculture fields. The electricity consumption in 

the allied services sectors such as fishing and livestock is included in the agriculture sector. The aggregated 

electricity consumption in this sector is obtained by the summation of Irrigation/pumping, Allied 

Agriculture Activities, High Tension (HT) Irrigation Pumping, and HT Allied Agriculture Activities. The 

estimated total consumption of this sector in 2018 is 324 Million kWh(Govt. of Odisha, 2015). Top-down 

modelling is applied to this sector due to poor irrigation statistics as mentioned earlier in section 2.4. 

The electricity consumption in the residential sector is subdivided into rural and urban areas due to the 

difference in the rate of appliance ownership and electricity consumption. The inputs for the residential 

sector are number of the households in the rural and urban area and average electricity consumed per year. 

The average electricity consumed per year is obtained by dividing the total annual consumption in residential 

sector by the number of consumers in rural and urban areas (Govt. of Odisha, 2015). The total number of 

households in the base year is 11,461,455 with 9,292,686 in the rural area and 2,168,770 in the urban area. 

Table 8 gives the average electricity consumed per household in the year 2018. For new households 

electrified with subsidy schemes such as Saubhagya, the base value for annual consumption is considered as 

half of the actual consumption as these households are given a very basic connection for a fan, light bulb 
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and mobile charging point(Ministry of Power, 2017b). The rate of electrification for the base year is taken 

from the Saubhagya portal (Saubhagya, 2018). The rate of electrification in rural areas is 73% and urban area 

is 86%(Saubhagya, 2018).  

Household Electricity Consumption (kWh/year) 

Rural 927.1 

Urban 1927.2 
Table 8 Average Household Electricity Consumption in the base year 2018 [Source: (Govt. of Odisha, 2015)] 

The official population statistics of Odisha are available from the Census of India done in the year 2011. 

The census of India is carried pan country every 10 years.  Table 9 provides the data about the rural-urban 

population and decadal growth rate of India and Odisha. The population of Odisha had a decadal growth 

of 14%, the urban population grew at 26.9% and rural grew at 11.8%. Projection of the population can be 

done using different methods such as linear, exponential, decreasing growth, correlation method and 

component method(Planning Tank, 2018). There is no projection of the population of individual regions 

of India. Hence, to project the population of Odisha up to 2050, the growth rate of India is used and the 

rate is taken as medium variant from UN world population prospects(UNDESA, 2017). The Figure 17 gives 

the trend of population in Odisha up to 2050. 

 
 Population - 2011 % Population 

share to total 

% Decadal Growth 

Total population 

(2001-2011) 

 Rural Urban Total Rural Urban Rural Urban Total 

India 833,463,448 377,106,125 1,210,569,573 68.85 31.35 12.3 31.8 17.7 

Odisha 34,970,562 7,003,656 41,974,218 83.31 16.69 11.8 26.9 14.0 

Table 9 Population of Odisha [Source: (Ministry of Home Affairs, 2011)] 

 

Figure 17 Population projection up to the year 2050 (Own Calculation) 

To calculate the number of households in rural and urban areas, first, the total number of households is 

calculated considering the growth rate from 2001 to 2011. The fraction of urban households in 2011 is taken 

and it is increased at urbanisation rate till 2050. Combining the fraction and total number of households, 

the number of urban households is calculated. Then, rural households are calculated by deducting urban 
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households from total households. Table 10 provides the data on the projection of the number of 

households up to 2050. 

Year  Households Source Assumption 

 Total Rural Urban   

2001  7,870,127 6,782,879 1,087,248 (Ministry of 
Home Affairs, 
2001)  

The number 
of households 
grow at same 
rate as in the 
period 2001-
11 

2011 9,661,085 8,144,012 1,517,073 (Ministry of 
Home Affairs, 
2011) 

2018 (Base 
Year) 

11,461,455 9,292,686 
 

2,168,770 
 

Calculated 

2050 (Final 
Year) 

25,256,723 
 

14,046,742 11,209,981 
 

Calculated 

Table 10 Projection of number of households 

The requirement of electricity in Industry sector is met either by power supplied by the utilities or the captive 

generation at the industry location. The demand met by the utilities is aggregated sum of the metered data 

provided by the utilities under the categories as Low Tension (LT) Industrial, HT& Extra High Voltage 

(EHV) Large Industries, HT&EHV Mini Steel Plants, HT&EHV Power-intensive industries, HT&EHV 

Heavy industries, and HT&EHV Industries. The estimated electricity supplied by the utilities in the year 

2018 is 7.32 TWh (Govt. of Odisha, 2015). The total installed capacity for captive generation is 7337 

MW(OSPC Board, 2017). To obtain the electricity consumed by the captive generation, the plant load factor 

is taken as 60 % the average of different types of industries operating on captive power plants (Nag, 2010). 

Taking the plant load factor, the electricity consumption through captive generation is 38.56 TWh. The total 

electricity consumption in the industry sector in the year 2018 is 45.88 TWh. 

The electricity consumption in this sector is obtained by the summation of metered data categories- General 

purpose, General Purpose (>110 KVA) and HT&EHV General Purpose. The electricity consumption in 

this sector in 2018 is 2.21 TWh (Govt. of Odisha, 2015). Lighting and air conditioning account for 80% of 

the electricity consumed in the commercial sector (Seth, 2010). 

In the transport sector, the electricity consumed for railways, two-wheeler & three-wheeler automobile and 

cars is considered. The estimated electricity consumption for railways in the year 2018 is 1.35 TWh (Govt. 

of Odisha, 2015). The total sales of two-wheeler electric vehicles in India 58,000 units which is 0.029 % of 

the total 20 million two-wheelers sold (Parashar, 2018; Statista, 2018). The share of total number of electric 

cars sold in India 0.02%, 4800 electric cars were sold in contrast to 2.5 million conventional cars in 2016 

(Tripathi, 2018). In this model, for the base year the total number of electric two wheelers, three wheelers 

and cars is assumed to be zero. For the railways subsector the total aggregated value is taken and for rest, a 

bottom-up approach is taken by considering the vehicle fleet, passenger kilometres and fuel economy. Table 

11 provides data about the annual usage of the vehicles by type and electricity consumed per km. The fuel 

economy of the electric vehicles is the average of the best and least efficient vehicle in the category. 

Vehicle Type Annual Utilisation 

(Kms Per year) 

Fuel Economy 

(km per kWh)) 

Two-wheeler 6300 26.85 

Three-Wheeler 33500 28.55 

Four-Wheeler 12600 7.46 

Table 11 Annual utilisation and fuel economy of electric vehicles [Source: (Helmers, Dietz and Hartard, 2017),(Mahindra, 2018)] 

The total electricity consumption in the Others sector is the summation of the metered data from utilities 

in the categories – public lighting, specified public purpose, public waterworks, and HT specified public 

works. The total electricity consumption is 711 Million kWh in the year 2018 (Govt. of Odisha, 2015). 
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Supply 

The input data for the LEAP model of supply is given in Table 12. The details of each technology are 

described in section 2.3. In Odisha, most of the thermal power plants are based on subcritical technology. 

So, the process efficiency of the subcritical coal based thermal power plants is considered in this study. 

Maximum availability is the upper limit of the availability of the process. Capacity credit is the fraction of 

rated capacity considered as firm to meet reserve margin of the module, usually, it is 100% for the thermal 

power plants and lower for intermittent RES and hydropower plants. The planning reserve margin in the 

base year is taken as 5% (Tongia, 2014). The salvage value is 10% of the capital cost (Kale and Pohekar, 

2014). The transmission and distribution losses for the base year is taken as 27.3%(Govt. of Odisha, 2015).  

Parameters Coal Large 

Hydro 

Solar 

PV 

Wind 

Power 

Waste 

to 

Energy 

Small 

Hydro 

Biomass Source 

Capacity (MW) (2018) 16217 2142 138 0 0 57 20 Govt. of Odisha ( 2015) 

OSPC Board (2017) 

Historical Production 

(million kWh) (2018) 

96169 4774 169 0 0 133 24 Govt. of Odisha ( 2015), 

Energy Department 

(2016), OSPC Board 

(2017) 

Process Efficiency (%)  30 100 100 100 40 100 40 Kale and Pohekar (2014) 

Capacity Credit 100 100 36 36 80 100 80 Kale and Pohekar (2014) 

Maximum Availability (%) 75 35 19 25 25 35 20 Kale and Pohekar (2014), 

TERI (2017) 

Capital Cost in USD/kW 2080 3492 1555 1911 4447 5127 4447 IEA (2015b), IRENA 

(2018) 

Fixed O & M Cost 

USD/MW 

37818 8064 25511 37282 88940 8064 88940 IEA (2015b), IRENA 

(2018) 

Fuel Cost + Variable 

O&M USD/MWh 

20.45 - 3.1 9.1 - - 4.08 IEA (2015b), IRENA 

(2018) 

Auxiliary Consumption 

(%) 

8.0 0.5 0.5 0.5 8.0 0.5 8.0 Kale and Pohekar (2014) 

Salvage Value USD/kW 20.8 34.92 15.55 19.11 44.47 51.27 44.47 Kale and Pohekar (2014) 

Life time in years 40 40 25 25 25 40 25 Kale and Pohekar (2014) 

Interest Rate (%) 12.5 12.5 12 12 12.5 12.5 12.5 Kale and Pohekar (2014) 

Table 12 Input data for supply model in LEAP  

Other Assumptions 

Gross State Domestic Product (GSDP) is the GDP for the states in India. Odisha GSDP grew at 6.3% from 

2013-2017. To forecast the GSDP growth, the same rate as the growth of India is taken in this study as 

there is no forecasting data available for the state. The GDP growth rate is taken from (IEA, 2015c) and 

(BP, 2018)reports. In the (IEA, 2015c) report, the GDP growth rate for the period 2013-2020 is 7.5%, for 

the period 2020-2030 is 7.0% and 2030-2040 is 5.3%. The average growth rate from 2013-2040 is 6.5%. In 

the BP report, the average GDP growth rate from 2016-2040 is 6.5%. In this study the GDP growth rate 

for 2018-2020 is 7.5% as it is closer time-frame and for the rest of the time-frame 2020-2050 is the average 

GDP growth which is 6.5% in both the reports. (IEA, 2015c) and BP (2018) forecasted the GDP growth 

rate of India as shown in Figure 18. 
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Figure 18 GDP growth rate in India up to 2050 [ Source : (IEA, 2015c), (BP, 2018) ] 

 

4.2 Scenario Development  

This section describes the assumptions made in the development of scenarios namely Business as Usual 

(BAU), Improvement in Energy Efficiency (IEE), High Renewable Energy share (HRE) and a combination 

of IEE and HRE scenario. Scenario development facilitates to understand and analyse the alternate 

pathways for a sustainable electricity system. Table 13 presents a summary of the assumptions made in the 

scenario development. 

SCENARIO ASSUMPTIONS 

Business as usual (BAU) - No new policies are introduced 

- Electricity demand follows the growth in GDP 

- New capacity added based on existing policies and requirements 

- Addition of coal plants is a preferred choice based on past trend 

Improvement in energy 

efficiency (IEE) 

- The full potential of energy savings in all sectors achieved by 2050 

- New capacity added based on the requirements 

- Addition of new capacity follow same assumption as in BAU 

 

High renewable energy 

share (HRE) 

- The demand is same as in BAU scenario 

- Electricity generation based on coal is restricted to 50 % of the 

total generation by 2050 using process share variable in LEAP 

- Full technical potential of RES is explored by 2050 

- New capacity is added with preference to Renewable Energy 

Sources (RES) over the coal-based power plants 

Combination of IEE and 

HRE scenario 

- The assumption for demand projection follow the IEE scenario 

- The assumption for supply follow the HRE scenario 

Table 13 Summary of scenario development 
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Business as Usual 

Demand 

The electricity demand is from six sub-sectors namely agriculture, residential, industry, commercial, 

transport and others. The end-uses of electricity, demand and past growth trends can be referred from 

section 2.4. The growth in the agriculture, industry, commercial, transport(railways), others sector is 

assumed to grow at the same rate of GDP from the year 2019-2030 (NITI, 2017). However, in the next 

decades, the growth is 1% less compared to GDP due to the existing energy efficiency policies which will 

contribute to the reduction in energy consumption (NITI, 2015; TERI, 2017) as presented in the Table 14. 

In the residential sector where a bottom-up approach is applied, the increase in demand depends on the 

growth in population, households and average household consumption. The increase in average 

consumption in already electrified households is accounted by higher affordability for new and bigger 

appliances. The growth rate in rural and urban household consumption is different due to difference in the 

ownership of the appliances as shown in Figure 12 & Figure 13 in section 2.4.2. The new electrified 

households will have higher growth than already electrified households due to the addition of new and basic 

appliances. In the later decades, the already electrified households will have a slower growth due to an 

increase in more efficient appliances as a result of existing energy efficiency policies.  

In the transport sector for passenger vehicles, the consumption depends on growth in the electric vehicles 

and the changes in fuel economy of the vehicles. For the passenger transport using electric vehicles, the 

passenger kilometres travelled is assumed to grow at 2% per year due to improved access to transport 

infrastructure and increased economic activity. The growth in the number of two-wheelers, three-wheeler 

and cars is taken as given in Table 14. The fuel economy of the electric vehicles is assumed to improve by 

2% year due to improvements in vehicle technology (Dhar, Pathak and Shukla, 2018). The percentages are 

assumed seeing the trend in the growth of electric vehicles in other states and countries. The growth of two-

wheelers is assumed to be higher than other as the distance travelled by them in a single trip is smaller so 

with current technology, the adoption of electric two-wheeler vehicles by consumers will be faster. The later 

decades will see faster growth in electric vehicles due to improvements in technology such as higher mileage, 

quicker charging, improvements in charging infrastructure and drop in the prices of electric vehicles (Dhar, 

Pathak and Shukla, 2017).  

The Table 14 provides the information about the assumptions in growth rate for sector–wise for BAU 

scenario. 

 Demand Growth rate (in %) sector-wise for each period 

 2018-20 2020-30 2030-40 2040-50 

Agriculture 7.5 6.3 5.5 5.5 

Residential Urban (Already 

electrified) per household 

6 6 5 4 

Residential Urban (Newly 

Electrified) per household 

6 6 6 5 

Residential Rural (Already 

electrified) per household 

5 5 4 3 

Residential Rural (Newly 

Electrified) per household 

5 5 5 5 

Industry 7.5 6.3 5.5 5.5 

Commercial 7.5 6.3 5.5 5.5 

Transport (Railways) 7.5 6.3 5.5 5.5 
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Transport (Two-wheeler) 2.5% 2.5% 5% 7.5% 

Transport (Three-wheeler) 3% 3% 6% 9% 

Transport (Cars) 1% 1% 3% 5% 

Other 7.5 6.3 5.5 5.5 

Table 14 Sector-wise growth rate assumptions for BAU scenario(Govt. of Odisha, 2015; Directorate of Economics, 2016; Dhar, Pathak 
and Shukla, 2018) 

Supply 

In the BAU scenario, supply is assumed to follow the current plans and targets for expansion of generation 

capacity through conventional and RES. The preferred technology for new capacity addition in the state is 

coal-based thermal power plants due to large deposits of coal reserves in the state and lower capital cost. As 

per the National Electricity Plan by CEA, by the year 2022 installed capacity of 1600 MW by central 

government company NTPC,1320 MW by State government company OPGC and 350 MW by a private 

company are already in pipeline. After 2022, there is no certainty about capacity additions of coal plants 

based on existing targets and policies. However, to meet the requirements, capacity is added by model to 

evaluate the total capacity required to meet the demand. 

In BAU scenario, it is assumed that the inefficient and old coal plants will retire in a robust manner which 

would invariably give way to the construction of new and efficient supercritical coal plants. Central 

Electricity Authority (CEA) in its National Electricity Plan in 2018 has identified inefficient coal plants for 

retirement which have attained an age of 25 years and no area for construction of Flue Gas Desulphurisation 

(FGD) by the end of the five-year plans for 2022 and 2027. Table 15 gives the details of the coal plants 

identified for retirement. With the construction of new super-critical power plants, it is assumed that the 

process efficiency of power plants will increase from 30% in the base year to 40% in the end year. 

Plant Capacity (MW) Retirement Year Reason 

Ind Bharath 350 By March 2022 No area for FGD 

NTPC (TTPS) 460 By March 2022 Age >25 years and no area for FGD 

NTPC 1000 By March 2027 Age attained 25 years on 1/1/2022 

OPGC 420 By March 2027 Age attained 25 years on 1/1/2022 

Total 2,230   

Table 15 Retirement of Coal based thermal power plants [Source: (CEA, 2018)] 

OHPC has identified the additional large hydro capacity of 700 MW through six new projects to be built in 

phase wise manner in the next five-year plan. It is assumed that additional capacity based on RES by the 

year 2022 as mentioned in section 2.3 is achieved. After the year 2022, the additional RE based capacity 

addition is uncertain as there are no official set targets for the addition of generation capacity based on 

renewable energy. However, it is assumed that the same target as mentioned in the present policy is achieved 

in the years after the policy end year.  

The government of India has set ambitious goals to reduce the Transmission and Distribution (T&D) losses 

by providing financial assistance transmission and distribution companies through schemes such as 

Integrated Power Development scheme to strengthen the existing transmission network by implementing 

smart grid and information technology. T&D losses in the state have reduced from 35.87% in the year 2015 

to 24.36% in the year 2018. For this study in BAU, it is assumed that the T&D losses will reach the world 

average T&D losses at 9% by 2050 (Ministry of Power, 2017a). 

The capital costs; fixed and variable O&M costs for different technologies for the base year 2018 is 

mentioned in Table 12. For the BAU scenarios, the changes in cost for different technologies are assumed 

based on the study by Kale and Pohekar (2014). In the calculation end year, the capital cost for coal is 
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assumed to reduce to 79% of the base year and fixed O&M cost to be 76% of the base year and fuel cost 

to be 1.25 times the cost in the base year. The capital cost for wind power to be 77% of the base year; fixed 

O&M costs to be 76% of the base year. For the solar, the capital cost is assumed to be 70% of the base year 

and O&M costs to be 75% of the base year. For the biomass and waste to energy, the capital cost to be 79% 

of the base year costs and the fixed O&M costs to be 76% of the base year. The fuel cost for the biomass 

to be 1.15 times the cost of the base year. The fuel cost for the waste to energy to be zero in the final year 

as the municipality takes the responsibility to provide the waste to plant location as the current situation. 

Figure 19 shows the capacity of different technologies added to meet the electricity demand requirements. 

It includes both the exogeneous and endogenous capacity. The exogenous capacity is the installed capacity 

added based on existing plans and targets. The endogenous capacity is automatically added by the model to 

maintain the planning reserve margin to meet the requirements. The cumulative capacity added in the 

analysed time period is Coal 52.9 GW,  Solar 14.4 GW, Large Hydro 700 MW, Wind 1.3 GW, WTE 132 

MW, SHEP 237 MW,  and Biomass 1164 MW. In the figure, from 2019 to 2022, the coal capacity added is 

already planned and model does not add extra capacity as it is above the planning reserve margin. The model 

adds capacity when this value drops below 5% as taken in this model. For the solar, wind, WTE, SHEP and 

biomass, the values are the fixed values according to the policy where it is assumed the same target of 

renewable capacity is continued. 

 

Figure 19 Capacity added in BAU scenario 

Sensitivity Analysis 

Sensitivity analysis helps to understand how the changes in the assumption for the independent variable can 

impact the study. The demand analysed in this study is based on GDP growth. So, it is valuable to study the 

impact of changes in GDP growth on the demand and required capacity to meet the requirements. For the 

impact of GDP, two cases are assumed high and low GDP growth. The growth is varied by 25% of the 

assumed growth rate to evaluate the impact of the variable. Another important variable which will impact 

the study is the cost. The discount rate, technology cost, fuel cost and salvage value is varied to evaluate the 

changes in the total cost for different scenarios. The assumed discount rate is 5%, so to evaluate its impact 

it varied from 3% to 7%. The technology cost of RES is varied from 50% to 150% of the assumed costs. 

The fuel cost of coal and biomass is analysed by varying it by 50% to 150% of the assumed value in the end 

year 2050. 
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Improvement in Energy Efficiency Scenario (IEE)  

The scope of this scenario is the improvement in energy efficiency in the end-use of electricity in the demand 

sectors such as agriculture, residential, industry, commercial, transport and others. In this scenario, it is 

assumed that the existing policies at the national level for improvement in efficiency are not enough to 

maintain CO2 emissions to the same level as in 2018. There are no special policies at the state level to 

encourage electricity conservation. Kale and Pohekar (2014) have estimated the potential of electricity 

savings in the sectors such as agriculture, industry, residence, commercial as 30%, 25%, 20% and 30% 

respectively. In this scenario, it is assumed that the full potential of energy savings is achieved by 2050. In 

this scenario, the rebound effect from improvements in energy efficiency is not considered. 

In a household, 37% of the electricity is consumed in lighting and air cooling using fans (Chunekar, Varshney 

and Shantanu, 2016). Lighting and fans are among the first appliances needed in newly electrified 

households. Ujala scheme for distribution of LEDs at a cheaper price has been launched in 2015 in 100 

cities in India. However, the price of LED bulb distributed through this scheme is Rs 70 per bulb which is 

7 times the price of the incandescent bulb available for Rs 10. The incandescent bulb consumes 6 times the 

power consumed by an LED bulb. The national sales of incandescent bulbs stand at 750 million a year 

(Economic Times, 2017). There is a huge potential for saving of electricity by replacement of incandescent 

bulbs. In the standards and labelling (S&L) program of Bureau of Energy Efficiency, the fan comes under 

the voluntary labelling in contrast to refrigerators, air conditioner under mandatory labelling. More than 

95% of the fans sold do not have energy saving labels and they consume energy more than twice the most 

energy efficient model available (Chunekar, Varshney and Shantanu, 2016). Including fans under the 

mandatory labelling could lead to greater potentials for savings in households. In the residential sector, a 

shift from incandescent bulb (55W) to CFL (15W) has 73% savings, replacing of cheapest model to energy 

efficient model for direct cool refrigerator, flat screen TV, Fan, Tube Light , window AC, and air cooler has 

49%, 30%, 29%, 27%, 26%, 23% of energy saving respectively (Boegle, Singh and Sant, 2008). Considering 

the appliance stock, number of operating hours, potential of energy savings with energy efficient model 

Boegle, Singh and Sant (2008), estimated a 20% energy savings potential in Indian residences. 

In the agriculture sector, most of the electricity is consumed for irrigation and the number of pump sets is 

increasing due to government schemes to provide water to all farms and increase the net sown area. The 

size of the pump sets is increasing due to depleting water table. For major irrigation projects, the water is 

pumped through induction motorised pumps. However, the agriculture pump sets and induction motors 

are included in voluntary S&L category. With the inclusion of these in mandatory labelling category could 

lead to greater savings in the agriculture sector. Several studies have revealed that energy efficient star 

labelled pump sets consume 30%-40% less energy than the existing pumps (BEE, 2018). Maharashtra and 

Karnataka implemented energy efficient pilot projects. Maharashtra installed 2209 pumps and achieved 

annual savings of 6.1 million kWh. Karnataka achieved energy savings of 37% with replacement of 590 

pump sets with energy efficient pumps in the pilot project (BEE, 2018). 

The average electrical specific energy consumption (SEC) of  a cement plant in India is 88 kWh/tonne 

whereas the world best is 65 kWh/tonne which is 26% lower (Madlool et al., 2011). The aggregate energy 

intensity of steel production in India is 27 GJ/t compared to world average of 21 GJ/t which is 28% higher 

(IEA, 2014). With implementation of best available technologies 26% of energy savings can be achieved in 

the paper and pulp industry (IEA, 2014).  In the Industry sector, the Perform, Achieve and Trade Scheme 

for energy saving covers only 21 major industries from steel, aluminium, fertiliser, cement, thermal power 

plants in the PAT cycle 3. The PAT cycle I has achieved 0.456 million tonnes of oil equivalent (MTOE) in 

aluminium, 1.486 MTOE in iron and steel, 104.56 MTOE in thermal power plants at the national level and 

these figures include the overall energy consumption reduction including electricity (RE Connect, 2017). 

High Renewable Energy Share Scenario (HRE) 

In the base year 2018, coal-based power plants have a share of 87% in the total generation mix which is a 

major source of greenhouse gas (GHG) emissions. A scenario with a higher percentage of RES share in the 
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generation mix is considered to evaluate the capacity of RES required for greater reduction in CO2 

emissions, the implications of this higher share of RES in the electricity generation such as cost, 

infrastructure requirement. This scenario could lead to understanding what the challenges are to move from 

the conventional coal-based power plants to RES based power plants. In this scenario, all the RES are 

explored to their maximum technical potential available in the state.  In this scenario, the demand is assumed 

to be the same as the BAU scenario. To increase the share of RES, electricity generation based on coal is 

restricted to 50 % of the total generation by 2050 using process share variable in LEAP. The share of coal 

is assumed to decrease from 90% in the base year to 50% in the final year.  To fix the share of RES in the 

final electricity, the process share parameter in the model is used. In the final year, the process share 

parameter set for solar is 25%, hydro is 15 %, wind is 5%, waste to energy and biomass 2.5% each. These 

assumptions are based on the available technical potential and investment costs for the technologies. 

In this scenario, to meet the increasing demand through new capacity addition, solar PV is given priority 

compared to conventional coal-based power plants and other RES. The potential of solar in the state is 26 

GWp, highest among all the RES however in the base year the total installed capacity is 138 MW (MNRE, 

2014b). So, there is a huge scope for development of solar through large commercial projects, solar rooftop 

on residential and commercial buildings, and on water bodies. The average module price dropped from  0.53 

USD/W in 2015 to 0.43 USD/W in 2016 about 20% which is quite significant (IRENA, 2018). The reducing 

cost will encourage private and residential investments. The full technical potential for wind is 3 GW and it 

is assumed the full potential is explored by 2050 (NIWE, 2015). The share of wind in the final mix is assumed 

to be 5% due to lower potential in the state and lower maximum availability. The potential of waste to 

energy is 405 MW and biomass is 1280 MW (MNRE, 2014a; Das, Panda and Kisku, 2017). The share of 

waste to energy and biomass is low due to a very low potential in the state. In this scenario, the deficit in 

requirements is met by the import of electricity generated by RES and the share of electricity generated by 

coal plants is restricted to 50% of the total requirements.  

Combination of IEE and HRE scenario (CER) 

Renewable energy and energy efficiency are two major pathways in the energy transition. Undoubtedly, IEE 

and HRE scenario would lead to the mitigation of CO2 emission when applied separately. However, this 

scenario is designed to evaluate the combined efforts of IEE and HRE scenario simultaneously with a goal 

to achieve lower CO2 emissions compared to IEE and HRE in an effective and inclusive manner. For 

demand projection, the assumptions made in IEE scenario as used for this scenario. The supply model 

follows the assumptions of HRE scenario. 
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5 Results  

5.1 Demand 

The electricity demand in the final year 2050 is 476.4 TWh as compared to 60.4 TWh in the base year 2018 

as seen in Table 16. Figure 20 shows the electricity demand in different sectors from the base year 2018 to 

the final year 2050. Over the analysed time period, the demand increased by eight times. In the final year, 

the demand in the agriculture sector is 2 TWh, the residential sector is 162.5 TWh, industry sector is 285 

TWh, the commercial sector is 13.7 TWh, the transport sector is 8.7 TWh and others sector is 4.4 TWh. In 

the residential sector, the demand in the year 2050 is 16 times the demand in the base year 2018 while the 

demand in the remaining sectors is an average six times the demand in the base year. 

Sector 2018 (TWh) 2050 (TWh) 

Agriculture 0.3 2.0 

Residential 9.9 162.5 

Industry 45.9 285.0 

Commercial 2.2 13.7 

Transport 1.4 8.7 

Others 0.7 4.4 

Total 60.4 476.4 

Table 16 Electricity Demand (in TWh) in the base year 2018 and final year 2050 in the BAU scenario 

 

Figure 20 Electricity demand (TWh) in BAU scenario  

The share of demand from the industry sector has dropped from 76% in the base year to 60% in the final 

year as seen in Figure 21. For the residential sector, the share in the total demand has increased from 16.4 

% in 2018 to 34.1% in 2050. The agriculture, commercial, transport and others have a share of 0.42%, 

2.88%, 1.83%, 0.92% respectively. To provide energy access to households in the rural and urban areas by 

2022, additional electricity of 1.44 TWh and 0.38 TWh is required. The share of demand from rural and 

urban households in the base year is 63.6% and 36.4% respectively. The share of demand from rural and 

urban households is opposite in the year 2050 compared to the base year. The demand from urban 



-44- 
 

households comprises 65.4% and rural households is 34.6% in the year 2050. The demand from electric 

vehicles in the passenger transport sector is 325.1 million units in the year 2050. 

 

Figure 21 Electricity Demand Sector-wise share in the year 2018 & 2050 in BAU scenario 

Figure 22 shows the demand from each sector in the IEE scenario. The total demand is 348.9 TWh in the 

year 2050. In the final year, the demand in the agriculture sector is 1.4 TWh, the residential sector is 113.8 

TWh, industry sector is 213.7 TWh, the commercial sector is 9.6 kWh, the transport sector is 7.0 TWh and 

others sector is 3.0 TWh. 

 

Figure 22 Electricity demand (TWh) in IEE scenario  

The electricity demand in the BAU and HRE scenarios is similar. In IEE and CER, the electricity demand 

is 348.9 TWh as compared to 476.4 TWh in the BAU and HRE scenario in the year 2050. The demand in 

the IEE scenario is 26% less than the BAU scenario. Figure 23 presents the comparison of electricity 

demand in the IEE scenario with the BAU scenario. 
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Figure 23 Comparison of Electricity Demand (TWh) in IEE scenario vs BAU scenario 

5.2 Supply 

This section describes the results obtained for the supply in all scenarios. In the BAU scenario, the total 

installed capacity is 89.4 GW in the year 2050 as compared to 18.6 GW in the year 2018 as shown in Figure 

24. The capacity in the year 2050 is 5 times the capacity in the year 2018. The total installed capacity based 

on coal is 69.1 GW, large hydro is 2.8 GW, solar is 14.5 GW, wind is 1.3 GW, SHEP is 0.3 GW, waste to 

energy is 0.1 GW, and biomass is 1.2 GW in the year 2050. In the final electricity mix, the share of coal is 

77.3%, hydro is 3.6%, solar is 16.2%, wind is 1.5%, waste to energy is 0.1%, and biomass is 1.3%. The share 

of RES is 23% of the installed capacity. 

 

Figure 24 Installed Capacity (GW) in the BAU scenario  

Figure 25 provides information about the generation of electricity by different technologies. The total 

electricity generated is 523.2 TWh. The electricity generated by coal is 484.3 TWh, hydro is 9.6 TWh, solar 

is 24.2 TWh, wind is 2.9 TWh, waste to energy is 0.2 TWh, and biomass is 2.1 TWh in the year 2050. In the 

year 2050, the share of coal is 92.6%, hydro is 1.9%, solar is 4.7%, wind is 0.6%, waste to energy is 0.04% 

and biomass is 0.4% in the total electricity generated. The share of electricity generated by coal remains 
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almost the same as in the base year 2018, for hydro it dropped from 4.7% to 1.7% whereas the share of 

solar increased from 0.2% in 2018 to 4.7% in 2050. 

 

Figure 25 Electricity generation (TWh) in the BAU scenario 

In the IEE scenario, the total installed capacity is 69.5 GW in the year 2050 compared to 18.6 GW in the 

year 2018 as shown in Figure 26. The required capacity to meet the demand in IEE scenario is 22% less 

than the BAU scenario. The capacity in the year 2050 is 3.75 times the capacity in the year 2018. The installed 

capacity of coal is 47 GW, large hydro is 2.8 GW, solar is 14.5 GW, wind is 1.3 GW, waste to energy is 0.1 

GW, SHEP is 0.3 GW and biomass is 1.2 GW in the year 2050. In the final electricity mix, the share of coal 

is 70.8%, hydro is 4.5%, solar is 20.9%, wind is 1.9%, waste to energy is 0.2%, and biomass is 1.7%. 

 

 

Figure 26 Installed Capacity (GW) in the IEE scenario  

Figure 27 provides information about the electricity generated by each technology in the IEE scenario. In 

the year 2050, the total electricity generated is 383.8 TWh. The electricity generated by coal is 344.8 TWh, 

hydro is 9.6 TWh, solar is 24.2 TWh, wind is 2.9 TWh, waste to energy is 0.2 TWh, and biomass is 2.1 TWh. 
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The share in the electricity generated for coal is 89.8%, hydro is 2.5%, solar is 6.3%, wind is 0.8%, waste to 

energy is 0.1%, and biomass is 0.5% in the year 2050. 

 

Figure 27 Electricity generation (TWh) in the IEE scenario 

As seen in Figure 28, in the HRE scenario the total installed capacity is 80.8 GW. The installed capacity of 

coal is 47 GW, large hydro is 2.8 GW, solar is 26 GW, wind is 3.0 GW, waste to energy is 0.4 GW, SHEP 

is 0.3 GW, biomass is 1.3 GW. The share in the final electricity mix for coal is 58.2%, large hydro is 3.5%, 

solar is 32.2%, wind is 3.7%, SHEP is 0.4%, waste to energy is 0.4% and biomass is 1.6%. With the 

exploration of the full potential of RES available in the state, the share of RES reaches 31.8% in the total 

installed capacity in the year 2050 as compared to 12.7% in the base year 2018.  

 

Figure 28 Installed Capacity (GW) in the HRE scenario  

Figure 29 presents the electricity generated in the HRE scenario over the analysed time period. The total 

electricity generated in the year 2050 is 324.1 TWh. The drop in the generation after 2018 is due to the 

condition on the process share variable in LEAP to reach 50% of coal-based electricity by 2050. In the year 

2050, elecricity generated by coal is 261.7 TWh, large hydro is 8.7 TWh, solar is 43.3 TWh, wind is 6.6 TWh, 

waste to energy is 0.6 TWh, SHEP is 0.9 TWh, and biomass is 2.2 TWh. The total requirements in this 

scenario is 523.46 TWh, however, 324.1 TWh is generated with the total installed capacity in the state. This 
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is due to low capacity utilisation factor of RES. It is assumed the deficit is met by the import of renewable 

electricity from the regional grid. The imports account for 38% of the total electricity requirement as shown 

in Figure 30 and the share of coal is 50%. To meet the RPO targets, it is assumed that the imported electricity 

comes from RES through the regional grid, the share of RES will reach 50%.   

 

Figure 29  Electricity generation (TWh) in the HRE scenario 

 

Figure 30 Electricity generation (percent) in the HRE scenario 

The total capacity installed capacity in the CER scenario is 69.8 GW in the year 2050 as shown in Figure 31. 

In the year 2050, the total installed capacity of coal is 36 GW, large hydro is 2.8 GW, solar is 26 GW, wind 

is 3.0 GW, SHEP is 0.3 GW, waste to energy is 0.4 GW, and biomass is 1.3 GW. The share in the total 

installed capacity for coal is 51.6%, hydro is 4.5%, solar is 37.2%, wind is 4.3%, waste to energy is 0.6%, 

biomass is 1.8%. With the exploration of the full potential of RES available in the state, the share of RES 

reaches 49.4% in the total installed capacity in the year 2050 as compared to 12.7% in the base year 2018. 
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Figure 31  Installed Capacity (GW) in the CER scenario  

Figure 32 presents the electricity generated in the CER scenario over the analysed time period. The total 

electricity generated in this scenario is 254.1 TWh. The electricity generated by coal is 191.7 TWh, large 

hydro is 8.7 TWh, solar is 43.3 TWh, wind is 6.6 TWh, waste to energy is 0.7 TWh, SHEP is 0.9 TWh, and 

biomass is 2.2 TWh. The drop in the generation after 2018 is due to the condition on the process share 

variable in LEAP to reach 50% of coal-based electricity by 2050. The total requirement in this scenario is 

383.40 TWh, however, 254.1 TWh is generated with the total installed capacity in the state. This is due to 

low capacity utilisation factor of RES. It is assumed that the deficit is met by the import of renewable 

electricity from the regional grid. The imports account for 34% of the total electricity requirement as shown 

in Figure 33 and the share of coal is 50%. Assuming that the imported electricity comes from RES through 

the regional grid, the share of RES will reach 50%.  

 

Figure 32  Electricity generation (TWh) in the CER scenario 
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Figure 33  Electricity generation (percent) in the CER scenario 

 

5.3 CO2 Emissions 

The CO2 equivalent emissions for all the scenarios are shown in Figure 34. The total CO2 equivalent 

emissions in the year 2050 for BAU, IEE, HRE and CER scenarios are 405.6 MtCO2eq, 288.8 MtCO2eq, 

219.2 MtCO2eq and 160.6 MtCO2eq respectively. The CO2 emissions in CER scenario are 59% less than 

the BAU scenario in the final year 2050. The drop in CO2 emission in beginning is due to the reduction in 

coal power output restricted to reach 50% of the total electricity by 2050 in the HRE and CER scenario.  

 

Figure 34 CO2 emissions (MtCO2eq) in BAU, IEE, HRE and CER scenarios 
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5.4 Cost 

The analysis of total costs such as annual capital cost, annual fixed operation and maintenance (O&M) costs, 

and annual variable O&M costs are presented for the BAU, IEE, HRE and CER scenario in Figure 35. The 

costs for import of electricity is included in the total costs. The cost per unit of electricity is based on the 

auctions in 2018 which is 0.056 $/kWh including the wheeling charges (SECI, 2018). The discount rate for 

the calculations is 15% (Vohra, 2017). The cumulative costs for the BAU scenario is 450.73 billion USD, 

IEE is 360.40 billion USD, HRE is 484.45 billion USD, CER is 395.13 billion USD. 

 

Figure 35 Costs in BAU, IEE, HRE and CER scenarios 

Figure 36 shows the cumulative capital value for IEE, HRE and CER scenario in comparison to BAU for 
the year 2018 until 2050. The cumulative cost for IEE scenario is negative and has a value of negative 2.5 
billion USD. The cumulative cost for HRE scenario is negative and a value of 1.2 billion USD. The cost for 
CER scenario is negative 2.3 billion USD. Figure 37 shows the cumulative cost for fixed O&M for IEE, 
HRE and CER scenarios in comparison to BAU scenario for the year 2018 until 2050. The cumulative value 
for fixed O&M for IEE, HRE and CER scenario is negative and the values are negative 370.2  million USD, 
negative 189.9 million USD and negative 361.1 million USD respectively in the year 2050. Figure 38 shows 
the cumulative cost for variable O&M for IEE, HRE and CER scenarios in comparison to BAU scenario 
for the year 2018 until 2050. The cumulative cost for variable O&M is negative for IEE, HRE and CER 
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scenarios and is negative 1.7 billion USD, negative 4.3 billion USD and 5.5 billion USD respectively in the 
year 2050. 

 

Figure 36 Comparison of Capital Cost for IEE, HRE and CER with BAU 

 

Figure 37 Comparison of Fixed O&M Cost for IEE, HRE and CER scenarios with BAU 
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Figure 38 Comparison of Fuel & Variable O&M Cost for IEE, HRE, and CER with BAU 

5.5 Sensitivity Analysis 

The table below summarises the results of sensitivity analysis. 

` BAU IEE HRE CER 

Demand (in TWh)     

High GDP 708.3 519.7 708.3 519.7 

This study 476.4 348.9 476.4 348.9 

Low GDP 349.4 255.8 349.4 255.8 

Supply (in GW)     

High GDP 125.0 94.6 100.8 82.8 

This Study 89.4 69.5 80.8 69.8 

Low GDP 67.2 52.2 65.2 57.8 

Total Discounted Costs (in billion USD)    

High GDP 46.5 41.2 40.2 36.6 

This Study 41.6 37 35.9 33.4 

Low GDP 33.7 31.3 32.5 30.6 

Discount Rate     

10% 74.6 64.3 63.6 57.7 

This Study  41.6 37.0 35.9 33.4 

20% 27.1 24.7 23.5 22.3 

Technology Cost     

50% of the value in the year 2050 40.4 35.8 34.4 32.0 

This Study 41.6 37.0 35.9 33.4 

150% of the value in the year 2050 42.8 38.2 37.4 34.9 

Fuel Cost     

50% of the value in the year 2050 38.1 34 33.3 31.2 
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This Study 41.6 37.0 35.9 33.4 

150% of the value in the year 2050 45.1 40.0 38.5 35.7 

Table 17 Summary of Sensitivity Analysis 

Table 17 presents the results of the sensitivity analysis. In the High GDP case, the total cost in the BAU is 

46.5 billion USD and in the low GDP case, the total cost is 33.7 billion USD. In the high GDP case, the 

total cost increased by 12% and in low GDP case, the cost is 18% less than the current study. With the 

decrease in discount rate, the total cost increased by 79% whereas the increase in the discount rate the total 

cost decreased by 35% in BAU scenario. The variation in the technology cost of renewable energy has a 

marginal impact as capital comprises a small portion in the total costs compared to the fuel costs. With an 

increase in fuel costs, the change in total cost in the BAU scenario is 8.1% and a decrease in fuel costs, the 

change is 8.5%. 

5.6 Summary and Validation of Results 

Table 18 presents the summary of the results of all scenarios. It includes sector-wise electricity demand, 

capacity requirements, electricity generated, CO2 emissions and the total costs in 2050. In the year 2050, the 

electricity demand in the BAU and IEE scenarios is 476.3 TWh. In the HRE and CER scenarios, the 

electricity demand is 348.8 TWh. The total installed capacity in the BAU, IEE, HRE and CER scenarios are 

89.3 GW, 69.4 GW, 80.7 GW, and 69.8 GW respectively. In the year 2050, the total electricity generated in 

the BAU, IEE, HRE and CER scenarios is 523.4 TWh, 383.3 TWh, 324.1 TWh and 254.1 TWh respectively. 

The import of electricity in the HRE scenario is 199.4 TWh and CER scenario is 129.4 TWh. In the end 

year, the total equivalent CO2 emissions in BAU, IEE, HRE, and CER scenarios are 405.6 MtCO2eq, 288.8 

MtCO2eq, 219.2 MtCO2eq and 160.6 MtCO2eq respectively. The total emissions avoided in CER scenario 

compared to BAU, IEE, and HRE scenarios are 245 MtCO2eq, 128.2 MtCO2eq, and 58.6 MtCO2eq. The 

total costs in BAU, IEE, HRE, CER are 29.62 billion USD, 21.0 billion USD, 32.7 billion USD, 23.64 billion 

USD respectively. 

 Base Year 

2018 

Scenario  

2050 

  BAU IEE HRE CER 

Electricity Demand (in TWh)      

Agriculture 0.3 2.0 1.4 2.0 1.4 

Residential 9.9 162.5 113.8 162.5 113.8 

Industry 45.9 285.0 213.7 285.0 213.7 

Commercial 2.2 13.7 9.6 13.7 9.6 

Transport 1.4 8.7 7.0 8.7 7.0 

Others 0.7 4.4 3.3 4.4 3.3 

Total 60.4 476.3 348.8 476.3 348.8 

Capacity of the power plant (in GW)      

Coal 16.2 69.1 49.2 47.0 36.0 

Large Hydro 2.1 2.8 2.8 2.8 2.8 

Solar 0.13 14.5 14.5 26.0 26.0 

Wind 0 1.3 1.3 3.0 3.0 

Waste to Energy 0 0.13 0.13 0.35 0.35 

SHEP 0.057 0.29 0.29 0.29 0.29 

Biomass 0.02 1.18 1.18 1.28 1.28 
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Total 18.6 89.4 69.5 80.7 69.8 

Electricity Generation (in TWh)      

Coal 96.2 484.3 344.8 261.7 191.7 

Large Hydro 4.8 8.7 8.7 8.7 8.7 

Solar 0.2 24.2 24.2 43.3 43.3 

Wind 0 2.9 2.9 6.6 6.6 

Waste to Energy 0 0.2 0.2 0.6 0.7 

SHEP 0.133 0.9 2.1 0.9 0.9 

Biomass 0.024 2.1 0.6 2.2 2.2 

Imports 0 0.2 0 199.4 129.3 

Total 101.3 523.4 383.8 523.4 383.4 

CO2 emission (MtCO2eq) 107.4 405.6 288.8 219.2 160.6 

Total Costs (in billion USD)      

Capital Cost - 14.7 10.3 11.9 9.5 

Fixed O&M cost 0.6 2.4 1.8 2.1 1.8 

Variable O&M cost 6.4 12.5 8.9 6.9 5.1 

Import Cost 0 0.02 0 11.17 7.24 

Total 7.0 29.62 21.0 32.07 23.64 

Table 18 Summary of results of different scenarios 

For the validation of results in BAU scenario, there are no studies done on Odisha as mentioned in section 

1 and current study is first of its kind. However, to validate the demand forecasting, national level results 

are used. The compound average growth rate (CAGR) is used to compare the results of the national level 

and the current study. CAGR has been chosen as it will give an indication that the obtained results from 

model are not deviating from the studies carried out at national level. As GDP growth rate is chosen for 

projections in current study and studies used to compare, CAGR can give indications in bigger anomalies 

in the obtained results. TERI (2017) has projected CAGR of 7.49% in the time frame of 2015-2030 and 

NITI Aayog (2017b) has projected a CAGR of 5.73% in the time frame 2012-2047. In the current study, 

the CAGR for the time frame 2018-2050 is 6.66%. (NITI Aayog, 2017b) in its study has combined the 

electricity requirements from the residential and commercial sector as buildings. The electricity demand 

grew at CAGR of 7.5% in the period 2012-2047. In this study combining the demand from residential and 

commercial, the CAGR for the period 2018-2050 is 8.73%. The CAGR of both the studies is close. This 

comparison of demand from residential and commercial sectors validates the assumptions and output by 

the model for the residential and commercial sector. In the study by (NITI Aayog, 2017b), the industry 

sector is estimated to grow at a CAGR of 4.7% and in this study, the growth rate is 5.87%. The plausible 

reason for this difference is due to the energy intensive industries such as steel and aluminium in the state. 

In the study by (NITI Aayog, 2017b) the share of RES in the total installed capacity is 63% and in this study 

in the CER scenario, the share of RES is 50%. The plausible reason for lower share in Odisha is due to 

lower renewable potential. But, the comparison shows that the assumption of higher share of RES in the 

electricity sector is appropriate. 
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6 Conclusion 

The study evaluated the electricity system in Odisha to meet the increased electricity demand from 2018 

until 2050. The demand from all the sectors – agriculture, residential, industry, commercial, transport and 

others (public lighting, public water works) is evaluated. The supply is modelled to meet the demand. In the 

study, four scenarios BAU, IEE, HRE and CER are developed. All these scenarios presented in this study 

for future electricity system would meet 100% demand (24x7) as targeted by the government. In the BAU 

scenario, the demand and supply are evaluated considering no new policies are introduced. The IEE scenario 

is developed with the assumption that the full potential of energy savings are achieved. In the HRE and 

CER scenario, electricity generation by coal-based power plants is restricted to 50% of total generation and 

full potential of RES is explored by 2050. The four scenarios are compared based on energy requirements, 

total installed capacity, costs, and CO2 emissions. In the IEE & CER scenario, the gross energy requirement 

is 384 TWh which is 26% less than the BAU & HRE scenario. The share of RES in the total installed 

capacity for BAU, HRE, IEE, and CER scenario is 23%, 29%, 32% and 50% respectively. In the IEE 

scenario, in the final year, the total costs are 21 billion USD which are lower than BAU scenario by 29%; 

HRE scenario by 35% and CER scenario by 11%. In the final year, the CO2 emissions in IEE scenario are 

288 MtCO2eq which are higher than HRE scenario by 10% and CER by 23%. In the final year, total costs 

in HRE scenario are 32 billion USD which are higher which are higher than BAU scenario by 8% and CER 

scenario by 26%. In the same scenario, the CO2 emissions are 219.2 MtCO2eq which are lower than BAU 

by 45% and IEE by 25%. In the final year, the costs in the CER scenario are 23.64 billion USD which are 

lower than BAU by 20% and HRE by 26%. In the same scenario, the CO2 emissions are 160 MtCO2eq 

which are lower than BAU by 60%, IEE by 44% and HRE by 26%. The CER scenario is desirable in many 

aspects especially the reduced environmental impact. So, the CER scenario is most desirable for 

implementation. 

To increase the share of RES, the Odisha state government has set targets for the RPO for utilities and 

captive consumers. The targets set are the procurement of a certain percentage of electricity from solar (8%) 

and from non-solar (7%) resources excluding large hydro. If the targets for RES capacity additions for 2022 

are achieved, the RPO for solar will reach 3% and non-solar will reach 1%. With this capacity, the utilities 

and captive consumers cannot meet the mandated RPO targets. To fulfil the target, the obligated entities 

either must procure renewable electricity from the regional grid or buy RECs from the market. In the HRE 

scenario and CER scenario, to increase the renewable share, the generation of electricity from coal is 

restricted to 50% and full potential of RES available in the state is explored by 2050. The share of RES in 

total installed capacity for HRE scenario is 31.8% and CER scenario is 49.8%. However, due to low capacity 

utilisation factor of RES, in terms of share in electricity generation, RES contributes to 12% in HRE scenario 

and 17% in CER scenario. To meet the target of 50% RES share in the final electricity mix, it is assumed 

that renewable electricity is imported from the regional grid. This will lead to 50% renewable electricity in 

the HRE and CER scenario. It could be challenging to import renewable electricity, however, there is huge 

renewable potential in the neighbouring states and in India. The renewable potential in India for solar is 750 

GW and wind is 302 GW (MNRE, 2014b). The major sources of imported renewable electricity could be 

solar followed by wind due to their major share in available  RES potential. NITI Aayog (2017b), in a study 

has estimated that by 2047 the installed capacity in India for solar PV is 346 GW, solar CSP is 131 GW, 

distributed solar PV is 216 GW, on-shore wind is 230GW, off-shore wind 62 GW, small hydro is 30 GW 

and biomass is 23 GW.   In the base year, the state is self-reliant with the installed capacity. However, HRE 

and CER scenario will lead to increase in import of electricity. Hence, the state has to depend on regional 

grid, and it could create problem of energy security. The state might have to maintain reserve capacity based 

on conventional sources to meet the demand to mitigate any technical issues with the regional grid. There 

is a vast interconnection of intra-state transmission and inter-state transmission network. This network must 

be reinforced to accommodate the import of renewable electricity. To understand the technical requirements 

and challenges of high imports, further study should be carried out to evaluate the transmission capacity 

requirements, reserve capacity to tackle any outages in transmission capacity, modalities of market for long-

term or short-term power purchase agreements.  
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For the scenarios to be achieved, certain existing policy measures should continue, and new measures should 

be introduced. In the final year 2050, the demand from residential sector is 162 TWh which accounts for 

34% of the total demand. In the energy efficient scenarios IEE and CER, the energy savings potential in 

the residential sector is 48.2 TWh. To achieve this energy savings potential strong policy interventions for 

technological improvements and consumer behavioural change are required. In Indian households, 37% of 

the electricity is consumed for lighting and air-cooling using fans. To achieve the full potential of energy 

saving in lighting, the present initiative Ujala (section 2.2) for LED bulbs should continue in the analysed 

time frame. The scheme provides LED bulbs at a subsidised price to encourage the usage of LED bulbs. 

An energy efficient fan consumes half the electricity of the normal fan and more than 95% of the fans sold 

are not energy efficient (Chunekar, Varshney and Shantanu, 2016). Fans are not included in the mandatory 

labelling category (section 2.2) for energy savings. They should be included to reduce the energy 

consumption for air cooling of households. Industry sector has a 58% share in the total demand in the year 

2050. In the industry sector, through energy efficient practices and better technology, the energy savings 

potential in the IEE and CER scenario are 72 TWh. The perform achieve trade scheme (section 2.2) for 

large scale industries to reduce their specific energy consumption should continue and it should be extended 

to medium and small-scale enterprises as well to achieve higher energy savings in the industry sector. In 

agriculture, most of the electricity is consumed for irrigation. An energy efficient pump consumes 30-40% 

less energy compared to the present pumps (BEE, 2018). However, the induction motors and pumps are 

not included in the mandatory energy efficiency labelling category, they should be included to achieve higher 

energy savings in the agriculture sector. 

In the CER scenario, the RES technology has a share of 50% in the total installed capacity. RES especially 

wind and solar are inherently intermittent and variable. This high share of RES in the electricity mix could 

be challenging to the future electricity system. The challenge of intermittency and variability of RES can be 

overcome by hybrid power plants. Hybrid power plants are usually a combination of solar-wind, solar-

hydro, solar-pumped hydro. They could overcome variability and intermittency of RES and also provide 

the benefits of instant power during peak hours, ancillary services such as frequency control and voltage 

control. The Odisha Renewable Energy Policy has provision for hybrid wind-solar projects, but the benefits 

are limited to a maximum capacity of 50KW projects. The utility-scale hybrid projects should be encouraged, 

and regulations associated to it should be drafted. In the HRE and CER scenario, in the final year the RES 

capacity will be around 33 GW. To achieve this capacity, the RES technology must be cost competitive as 

well. Capacity auctions based on reverse bidding for utility size renewable power plants have helped to 

reduce the solar and wind tariffs and made them competitive to coal plants in certain states in India. Odisha 

has adopted the method and carrying out the capacity auctions. The institutions such as GEDCOL and 

OREDA responsible for exploring RES in the state should carry out capacity auctions based on reverse 

bidding. This could help to make the solar and wind tariffs in Odisha competitive to coal-based power 

plants. RPO which mandates the utilities and captive consumers to purchase a fixed percentage of renewable 

electricity creates demand for RES capacity. With continuation of RPO and increasing the percentage it will 

increase the demand for RES. This will encourage large and small decentralised RES to invest as the 

electricity generated has a guarantee of procurement. With the planned target capacity of around 3 GW of 

RES by 2022, Odisha meets less than half of the mandatory RPO. With continuation of REC, it will facilitate 

to fulfil the gap in RPO. In the CER and HRE scenario, the Solar-PV has an installed capacity of 26 GW 

by 2050 which includes the utility scale and roof-top solar. Feed-in tariffs could act as an important 

instrument to encourage small scale decentralised RES projects as well as residential PV through net 

metering. The feed-in tariffs as mentioned in Odisha Renewable Energy Policy should continue to attract 

the small and medium scale renewable projects. 
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