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Table 1 Facets of energy security and possible measures 

Energy security criteria / 
facets 

Possible measure 

Economics Total system cost 
Global environment costs Total CO2 emissions 
Local environmental costs  Dependent on energy mix and can potentially only be 

ranked given the wide variety of pollutants involved 
Geopolitical risk Linked with energy import dependence and the 

geopolitical risks assessed for current and potential 
energy suppliers / exporters 

Power supply reliability  Ideally measured through the number of blackout,days 
(or hours) can also be indirectly assessed through the 
mix of electricity capapcity 

Energy access Percentage of household without access to electricity 
and to clean cooking fuels 

Feasibility  While technical feasibility can to an extent be mapped, 
social and political feasibility are difficult to assess but is 
important to recognize and take into account 



 Working with stakeholders 
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 Issues covered  





Box 1: Format of a typical energy security dialogue with stakeholders 
 
The stakeholder dialogue process sought to identify and elicit different viewpoints on some of the 
important issues in energy security. The meetings, typically of small but diverse groups of 15-20 experts 
from various relevant areas, did not explicitly attempt to get into any kind of solution identification but 
tried to elicit different perspectives on an issue through open discussions. 
 
Although the structure of all the meetings was broadly the same, with a TERI presentation at the 
beginning of each session followed sometimes by a presentation by a key stakeholder, and then followed 
by a discussion amongst the stakeholders, every stakeholder dialogue was tailored and moderated 
keeping in mind the issue and objectives of the dialogue. For instance, in the dialogue on coal, where it 
was absolutely essential to know the resource estimates and the procedure to ascertain the availability of 
coal, exploring agencies were invited to make a presentation before opening the floor for discussion.  
 
In all the open discussions, a moderator performed the function of facilitating a smooth and rich 
exchange of ideas. The moderators were carefully chosen from senior TERI professionals, project 
advisors and the government on the basis of expertise, grasp of the issues and the ability to facilitate a 
discussion without being opinionated or overpowering. The process was aimed at identifying common 
grounds amongst the stakeholders’ interests, and enabling consensus-building and coalitions of support 
and action. Similarly, emerging conflicts of opinion helped delineate the risks involved in pursuing a 
certain issue or strategy. The dialogues not only helped draw out stakeholders’ interests and constraints 
with regard to a specific problem but also inform the research being pursued as part of the project.  In 
specific instances – as in the case of work with the small scale and tourism sectors – the team also 
connected with stakeholders to proactively catalyse energy change in specific areas. 
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Table 2 Issues covered in the study through research and stakeholder 
engagement  


Over-arching  Sustainable Energy 

Production 
Energy trade and 
geopolitics 

Sustainable Energy 
Consumption 

 Energy outlook for India  Coal domestic supply  Security of routes and 
politics of pipelines  

 Energy in large scale 
industry 

 Conceptualisation of 
energy security 

 Nuclear energy  Prioritising energy 
partners 

 Energy in the small 
scale industry 

 Contextualising India’s 
energy security 

 Smart grids  Analysis of new trade 
partners 

 Transport sector – 
strategies 

 Technology transfer 
issues 

 Decentralised   
  electricity generation 

 Forging new ties  Transport sector – 
lessons from other 
countries 

 Policy and institutional 
analysis 

 Transportation bio-
fuels 

 Energy security 
implications of equity 
investments overseas 

 Green building design 

 Outlining an action plan 
for energy change 

  Strategic petroleum 
reserves 

 Energy transition in 
households  

    Clean cooking fuels for 
poor households 

    Lifestyles and energy 
consumption 

Colour coding: Stakeholder dialogue / engagement – yellow; Research – blue; 
Stakeholder dialogue and research - green 
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SECTION 1  India’s energy future: snapshots2 
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 Uncertainties in a “business-as-usual” scenario 
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Figure 1 Estimates of commercial energy requirement through 2031/32 

Source: TERI estimates 











Box 2 Relative oil vulnerability of India: a quantitative analysis 
 
The stake and the role of individual countries in the global geopolitics concerning energy would, to a significant 
extent, depend on their dependence on foreign energy sources and the associated vulnerability. To understand the 
issue, a detailed exercise was carried out to assess the oil vulnerability of India relative to 26 other net oil-importing 
countries for the year 2004 on the basis of both market risk and supply risk.  
 
The OVI (Oil Vulnerability Index) is estimated as a weighted4 sum of (1) domestic oil reserves relative to oil 
consumption (2) geopolitical oil risk5. (3) GDP per capita at market exchange rate (4) Oil intensity of GDP (5) net oil 
import bill relative to GDP and (6) ration of oil consumption in primary energy consumption. While the first two 
variables contribute to supply risk, the remaining four are market risk factors. Such an index captures the relative 
sensitivity of various economies to developments of the international oil market, with a higher index indicating higher 
vulnerability. The analysis for 26 countries shows an OVI range of 0.24 to 1.11 and India is the third most vulnerable 
with an OVI of 0.93 just after the Philippines and Korea. For India’s energy security planners, the analysis concludes 
that there must be a priority on efficient use of oil. A 10% reduction in oil intensity is estimated to reduce the country’s 
OVI by 8%  
Source – Gupta 2008 
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 What alternatives does India have?  
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Figure 2A Energy consumption (2151MTOE) in 
2031 BAU              

Figure 2B Energy consumption (1388 MTOE) in 
2031 (Sustainability) Scenario                     
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Commercial Energy Supply in 2031 across 
Scenarios
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Figure 3 Commercial energy supply (in MTOE) in 2031 across scenarios 

Source: TERI estimates 

Table 3 Comparing the alternative scenarios with the BAU 

 Commercial 
Energy 

Requirement 
in 2031 
(MTOE) 

Energy 
imports 

(MTOE) 

Energy 
import 

bill as % 
of GDP 

Share of 
fossil fuels 

in 
electricity  

(%) 

CO2 
Emission 

Per capita 
in 2031 

(kg) 

Cost (total 
discounted 

system 
cost in Rs. 

trillion) 
BAU 2151 1599 20 71% 5 281 
Sustainability 1388 719 13 38% 2.8 239 
Higher Import Independence 1163 286 7 24% 1.8 246 
Climate Restrained 1107 319 5 10% 1.2 264 

Source: TERI estimates 


 The transitions envisaged 
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SECTION II  Bridging the electricity gap 
 




















Figure 4 Power generation capacity in 2031 in various scenarios 

Source: TERI estimates 


 Will coal remain the mainstay of India’s electricity sector? 
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Box 3: Factors that got India locked into a coal-dominated fuel mix 
 
The history of coal use in India and getting locked into a coal-dominated fuel mix can be understood as 
arising out of four major factors – technology, relative costs, beliefs and perceptions especially about 
resource availability, and institutional framework. At the time of independence, six decades ago, India 
seeking to fuel its growth and employment, looked for widely available electricity technologies that were 
also labour-intensive. Coal-fired thermal power along with the labour-intensive underground mining 
appeared to be apt. Over the years, while the technology for power generation (sub-critical) somewhat 
stagnated, opencast mining became rampant with over-exploitation of existing mines. Mining costs 
remained low with economies of scale. In a country starved of foreign exchange reserves, domestic coal 
continued to be used extensively. To date, no one can tell the true cost of domestic coal given the heavy 
cross-subsidies that it enjoys in rail transport, an archaic method of coal pricing that is based on useful 
heat value rather than gross calorific value, as in the norm internationally and lack of data on 
externalities (such as social and environmental implications of coal mining, transport and combustion). 
Over the years, since the nationalisation of the coal sector between 1971 and 1973, coal production is a 
virtual monopoly, dominated by Coal India Limited, even as the rest of the Indian energy opened up and 
invited private participation. The powerful coal lobby has successfully – though with disastrous 
consequences to the Indian economy – resisted all attempts to change the sector and the regulations 
that govern it. By far the most important factor for the continued dominance of coal has been the notion 
that India’s indigenous reserves are plentiful, which many now feel is a myth that must be busted.  
 
Source: Chand (2008) 
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Will India be able to deal with the carbon in coal? 









Box 4:  Coal: coping with an uncertain future 
 
In terms of availability, reliability and affordability coal fares better than other fossil fuels, oil and gas. 
Mined in over 50 countries and used in over 70, global coal reserves are expected to last over 160 years.  
Coal is about one-sixth as capital intensive as natural gas per unit of delivered energy. But 
environmental regulation and a push for clean fuels threaten the future of coal. But given the large role of 
coal in the global energy sector, it cannot be wished away as a problem but will have to be brought into 
the energy solutions going forward. Environmental challenges for coal call for a policy impetus for low-
emission coal-fired technologies and carbon capture and sequestration (CCS) and for transfer of these 
technologies to coal-burning countries. Carbon financing through carbon trading will play a key role in 
addressing the financial barriers in this area.  Technology transfer to developing countries will have to be 
facilitated. 
 
Though coal is widely available, exportable surplus for coal originates largely from just three countries: 
Australia, Indonesia and South Africa. While Indonesia exports may be constrained by growing domestic 
demand, South Africa is faced largely with declining quality of coal. Australia may come under pressure 
to cut down on its emission-intensive exports (largely coal) or a carbon price on coal mining from the 
country could adversely affect its competitiveness vis-à-vis other coal producers who may not be thus 
affected.  
- Based on World Coal Institute (2005); IEA 2005, Robinson 2001, The Age December 16, 2008, Dow 
Jones Newswire January 2007 
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Clean coal technologies: gasification has good potential, but….  
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Figure 5 The Coal-fired Route to CO2 reduction 

Source: World Coal Institute 
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Carbon storage: staunch opposition and knowledge gaps  
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 Finding alternatives to coal as a source of electricity  








Table 4 Comparison of various power generation technologies 

 Investment 
cost  (million 

Rs./GW) 

Efficiency  
(Percentage) 

Levelized 
cost of 

generation 
(Rs./kWh) 

CO2 emissions  
unit of electricity 

generation 
(kg/kWh) 

New coal plant (sub-critical) 39 547 32% 1.79 1.07 
Coal super critical 45 000 37% 1.74 0.93 
Coal ultra super critical 51 120 39% 1.81 0.90 
IGCC (Imported Coal) 85 000 44% 2.30 0.79 
CC gas turbine 36 000 54% 1.70 0.38 
Efficient CC gas turbine 39 000 60% 1.63 0.34 
Nuclear power plant 60 000  1.56 NA 
Large hydro 40 000  1.56 NA 

Source:– TERI 2006b 


Natural gas-based power generation: a potential transition fuel?  




Box 5: CCS Knowledge gaps 
 

 Reservoir characterization and testing of operating oil and gas fields for EOR operations 
and to maximize CO2 sequestration as well as oil recovery. 

 Assessment of storage integrity characteristics of depleted fields and their suitability for 
reopening to inject CO2. Also, determine how best to "finish" currently producing wells for 
future CO2 storage. 

 Establishing a methodology for assessing the long-term integrity and ecological impacts 
of storage, as well as the safety risk for underground reservoir types. 

 Characterization of coal seams for the use CO2 for ECBM (Enhanced Coal Bed 
M7ethane) and explore synergies whereby coal bed methane, produced with the 
enhancement of waste CO2, could fuel power plants resulting in no net CO2 emissions. 
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Box 6:  Unconventional sources of gas 
 
Three unconventional sources of natural gas – namely gas hydrates, shale gas and coal bed methane –show some 
promise in India. Gas hydrates are naturally occurring “ice-like” combination of natural gas (usually methane) and 
water that have the potential to provide an immense resource of natural gas from the world’s oceans and Polar 
Regions. The results of the first advanced hydrate exploration programme conducted in the eastern offshore through 
the Indian National Gas Hydrate Programme (NGHP) has shown that the country has over 2000 trillion cubic feet of 
prognostic resources of gas hydrates17. However, gas hydrates represent both a scientific and technological 
challenge as much remains to be learned about the geologic, engineering, and economic factors controlling the 
ultimate energy resource potential of gas hydrates.  
 
Another unconventional source of energy that has the potential to make a difference is shale gas. Shale is a 
sedimentary rock rich in organic material that is found in many parts of the world. It was of little use as a source of 
gas until about a decade ago, when American companies developed a new technique to fracture the rock and drill 
horizontally. USA – which is at the forefront of shale gas exploration – is stated to have expanded its gas reserves by 
about 40% in recent years through shale drilling. In India too it is expected that the country would have large 
reserves of shale gas, however, the current exploration policy and contracts do not permit exploitation of shale gas18. 
But this source is certainly worth investigating. Coal bed methane (CBM) is a form of natural gas extracted from coal 
beds and India’s reserves may be in the range of 3.4 trillion cu. m. (CMPDI estimate in 2008). For CBM, 26 blocks 
have been allotted for commercial development Commercial production of CBM has commenced and is expected to 
rise to about 3.6 million cubic meters per day in 2011-1219. 


Hydropower potential: need to address the resettlement issue 
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Nuclear power: public acceptance and import dependence to be addressed 
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Renewable energy sources: potential exists; but technology and policy 
gaps persist 
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Figure 6 The innovation system for PV in India 

Source: Anand M 2008 
 
Table 5 Comparison of renewable energy options 

Source Project costs 
Rs.crore/MW 

Electricity 
Generation costs 

Rs./kwh 
Biomass combustion 4-5 3 
Biomass gasifiers 2.5-6 3-5 
Small Hydro 7 2-4 
Solar Thermal 14-17  12-15 
Solar PV 30-35 15-20 
Wind 5.5-7 3.50-5.50 
Source: TERI Estimates 
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 Technical and commercial losses: the negawatt potential 
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Box 7: Demystifying solar power technologies 
 
Three groups of technologies – silicon wafer-based; thin-film solar photovoltaics and concentrated solar   
 thermal – are currently being watched for solar power. Nearly 90% of installed solar capacity uses 
silicon-wafer based photovoltaic technology, which is roughly twice as efficient as thin-film PV 
technologies and is therefore space-saving. Thin film PV, on the other hand, is more resource-efficient 
needing just 1-5% of the material needed for wafer-based technology. There are also concerns about 
cadmium and telluride (toxicity of cadmium and availability of telluride) which are the most promising 
resources for thin-film technologies. In the case of solar thermal, the cheapest option today, the limitation 
is primarily linked with its having to be located away from the customers with resultant costs of  
transmission and distribution.  
 
 - Source: McKinsey Quarterly 2008 
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Distributed generation and smart mini grids 
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  procedures for tariff-setting and billing
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SECTION III  Enabling “sustainable” energy consumption: 
improving efficiency and equity 
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Figure 7 Wedges reflecting sector-wise potential for energy saving through 
efficient options 
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 Household energy poverty: manifestation of energy security 
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Box 8: India’s experience with improved cookstoves and biogas plants: lessons for the future 
 
The National Programme of Improved Cookstoves (NPIC) was implemented by the Ministry of New and 
Renewable Energy in cooperation with regional, district, and state government offices. Under the original 
program, the NPIC provided a subsidy of at least 50% for households purchasing an improved cookstove 
(ICS). From 1983 to 2000, approximately 35 million ICS of various types were distributed; however, the 
NPIC has not been effective or successful over the long term in promoting a fundamental change-over to 
improved stoves in India. In 2002 the responsibility for the dissemination of improved cookstoves was 
transferred to the states. Since this time, a handful of state governments and NGOs have continued ICS 
and related projects. A study by TERI and Winrock International which documented success stories 
relating to improved cookstoves in six states (Andhra Pradesh, Gujarat, Karnataka, Maharashtra, West 
Bengal and Haryana) and compared international practices with the Indian approach points to several 
reasons for failure in India:  
 The programme being target-driven rather than needs-driven was sometimes mistakenly focused on 

areas where there was no history of cash spending on stove and fuel. 
 At another extreme, the subsidy component of cookstoves (50%) is much larger than provided 

internationally and it is not clear whether willingness to pay was considered in subsidy-setting. 
 There is evidence of lack of awareness of the health benefits of improved cookstoves. 
 Minimal interactions among designer, producer and user led to designs that were not suited for user 

requirements and or expectations. 
 Decentralised production of stoves and stove parts has resulted in high cost of production.  
 
India’s biogas programme has been existence since 1982-83 and has its roots – like the NPIC – in 
addressing concerns associated with dependence on traditional biomass for cooking energy needs. 
Several reasons have been cited for the slow progress and rate of this initiative: 
 Cumbersome processing of loans and subsidies due to complicated financial arrangements in the 

programme. 
 Cluster approach not followed due to orientation towards targets which are dispersed. 
 High installation cost as compared to traditional cookstoves despite high level of subsidy (50%)  
 Not enough feedstock per family due to inadequate livestock holding in poor households (at least 5-

6 cattle heads required for a 2 cu m biogas plant) 
 Inadequate feedstock flexibility due to lack of technologies based on fuels other than dung 
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 Energy efficiency in industry: mainstreaming the small scale sector 
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Box 9: The energy efficiency bandwidth in large industries 
 
The iron and steel sector is the largest consumer of energy, which constitutes 30% - 35% of the cost of production. 
Through technological innovation, the energy intensity of the Indian iron and steel industry has declined to nearly a 
quarter in less than three decades32 and the progress on this front has been more or less similar across firms. The 
cement sector however is very different and offers enormous potential for management of the energy efficiency 
band-width within the sector. According to a CSE survey, though the average energy consumption of an Indian 
cement plant (3.32 GJ/ tonne of clinker) is just 25% higher than the global best (2.65 GJ/ tonne of clinker)33, the 
difference in energy consumption between the best (2.89 GJ/ tonne of clinker) and the worst cement plants in India 
(4.38 GJ/tonne of clinker) in terms of their energy consumption is around 50%. In the context of examining large 
variations in energy efficiency in the cement sector, the large variations in scale / size, vintage and technologies of 
the plants need to be factored in.In order to reduce the energy efficiency “band-width” within the cement sector, a 
sectoral energy efficiency forum can be set up where business leaders can regularly share best practices and 
policies34 and by also setting up an energy efficiency agenda and work plan.  There is definitely a role of intra 
industry cooperation; so that the efficient plants help the relatively inefficient plants become more efficient. They can 
approach the technology vendors as a group to bring down cost. In India, use of renewables or alternative fuels in 
the cement industry is not widespread and as mentioned earlier, coal is still the dominant fuel. However, with 
environmental stringency increasing in the country, some of the plants have voluntarily adopted clean technologies 
and these plants can show the way forward to others in the industry.  Given that the high cost of technology 
upgradation is a barrier, the government can play a role towards substantial duty cut on imported technology, the 
possibility of introducing fiscal and financial incentives for capital investments in such projects (viz. subsidy, low 
interest loans, etc.) will need to be explored. 
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Box 10: Small scale units: critical institutional aspects 
 
Previous studies have shown that the institutional (that is, political, social and economic) 
framework significantly affects the chances of success of MSMEs (Amin and Thrift, 1995; Nkya, 
2003; Aidis, 2005 as cited in Roxas et al 2008). ….Institutions matter to MSMEs because they 
provide the structure, set constraints and offer incentives that could support or inhibit the 
proactive, risk-taking and innovative activities of these firms. The minimisation of transaction 
costs as well as level of uncertainty through formal institutions play a major role in supporting the 
entrepreneurial growth of MSMEs. The socio-cultural support provided by the equally important 
informal institutions complete the institutional landscape through which productive entrepreneurial 
activities could take place (Roxas et al 2008). The cluster approach adopted by the Indian 
government has sought to reduce and avoiding replication of transaction costs, overcoming 
thereby the liability of smallness. Groups of end users are clustered on the basis of either a 
specific sector or technology focus or are geographically grouped and include several sectors 
adopting a few technical interventions (World Bank 2006).  TERI studies have pointed out that in 
typical clusters, except for a few progressive units that have incrementally improved their 
performance over the years, most of them can be classified as “passive users of technology” 
(Sethi, Pal n.d.). It is critical therefore to be able to identify the change agents in each sector. 



40 Building an energy secure future for India 

T E R I  Report No. 2006RS22 

Table 6 Greening bricks – barriers and strategies 

Routes for “greening” bricks Barriers Ways to address barriers 
Switching to hollow bricks 
would require 30-40% less clay 
and reduce fuel consumption 
by 20% 

Needs electricity for extrusion; High 
investment required (Rs. 10-20 million for 
capacity of 40,000 bricks per day). Poor 
awareness among end users about 
strength 

Develop links with banks; Devise brick 
sector specific financing schemes 
 

Manufacture of fly ash bricks –
save clay, are stronger than 
clay bricks and help to gainfully 
utilise fly ash35  

High initial investment and fixed costs,  
higher raw material costs, lack of know-
how, 

Reinstate excise and customs duty 
exemptions; create awareness 
creation among manufacturers and 
users about benefits of use of fly ash 
in bricks, develop technology 
demonstration projects and studies on 
locations where it is relevant based on 
soil characteristics etc   

Adopting best operating 
practices in Bulls Trench Kilns 
– can save 5% fuel  

Lack of awareness among firemen on 
proper coal sizing, coal feeding, 
maintaining adequate draught and 
temperature 

Capacity building among brick firemen; 
institutionalising this process through 
schemes such as “train the trainer” 

Replacing clamps with Vertical 
Shaft Brick Kiln (VSBK) – can 
reduce energy consumption by 
50%  

High investment requirement  Set up financing mechanisms and links 
with banks; extending the MSME 
subsidies to cover all states (currently 
restricted to Madhya Pradesh, 
Chhatisgarh, Orissa, Rajasthan and 
Jharkhand) 

Source: Consultations with stakeholders, TERI 2008 

Table 7 Energy efficient glass making: barriers and strategies 

Barriers Strategies 
The small sector is not aware and does not have access 
to technological improvements that have taken place in 
the large scale sector 

Cluster specific programs to be designed as is being 
done by TERI and others  

Technology options that are available need 
customisation  

Technology demonstration to be done within clusters to 
establish feasibility and increase acceptance by the units 

Best practices are not adopted as the workers / 
operators are not trained 

Strengthen / develop local service system at cluster level 
to provided regular technical services, for training and for 
troubleshooting 

Technology upgradation requires substantial 
investments 

Fiscal incentives and devising of suitable financial 
instruments with government and financial institutions 
working closely with industry 

Source: Consultations with stakeholders 
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 The Indian transport sector: vulnerable to oil risks? 
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Figure 8 Movement of freight (TKM) and passengers (PKM) by road and rail   

Source: Planning Commission 2007 
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Box 11: Pilot study highlights carbon implications of lifestyles convergence 
 
A pilot study carried out by TERI sought to estimate the carbon footprint of various income classes in a developing 
country whose income and energy consumption pattern is similar to that in a large Indian city37. The global average 
carbon footprint is about 4 tonnes of CO2 per person, with wide variation among countries. Approximate national 
average for the United States of America is 20, United Kingdom 9, China 3, and India 1.2. Looked at from a per 
capita basis, an average Indian has a carbon footprint which is just 30 per cent of the world average and 6 per cent 
of that of an average US citizen. Based on estimates from the small sample surveyed, however, it is estimated that 
an individual in the high income category has a carbon footprint equal to almost 45 per cent of the world average and 
that of a middle income category about 23 per cent of the global average.38 

 
 
Figure 9 Registered motor vehicles (per thousand persons) in India39
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Liquid bio-fuels for transport: a mixed bag? 
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Box 12: Liquid bio-fuels for transport: global questions 
 
Benefits from the development of liquid bio-fuels are many. There are evident benefits in terms of improved energy 
security. The production, processing, transportation and trade of these bio-fuels present opportunities for expansion 
and diversification of rural / agricultural employment and products. Biofuels can provide communities with fuels for 
transportation (boats, mini-trucks) and agricultural milling (multifunctional platform) and avoided transportation costs 
of imported petroleum fuels. Liquid bio-fuel development also has potential waste management benefits if agricultural 
and other residues are used as feedstock. However, these fuels are associated with a number of concerns and 
costs, which must be examined carefully43: 
 The base costs of biofuels delivered to the end user may be higher than those for petroleum-based fuels, 

although they are expected to decline over time.  
 Diversion of land for bio-fuels production has been seen to have adverse implications for food production and 

food prices. IFPRI’s IMPACT model predicts that maize prices will rise by 26% by 2020 under current plans for 
biofuels and by 72% with more drastic expansion44  

 The environmental consequences of very large-scale biofuels production are not yet fully understood, but there 
are reports of adverse impacts such as changes in land use (e.g. through conversion of tropical forests to palm 
oil mono-crops with attendant loss of biodiversity and habitat); expanded use of water, nutrient runoff, and loss 
of watersheds. Possibilities of fuel-food trade-offs can be averted in by combining food and energy production, 
targeting energy crops at more marginal lands, and through research to improve overall crop productivity. The 
potential of bio-fuels to enhance income will have to be tapped to address the issue of income poverty, an 
important cause of food insecurity (IFPRI 2006) 
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 Energy and resource savings through Green Building Design  
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Box 13: Retrofit options and energy saving potential 
 
Residential buildings - Energy efficient lighting 
 Replacement of incandescent lamps with compact fluorescent lamps (CFL): Replacement of 60W GLS lamp 

(incandescent lamp) by 15W CFL gives a savings of about 60%-70% over the life of a CFL with a payback period 
of less than a year [48]. 

 Replacement of existing 40 W fluorescent lamps with T- 5 lamps (14/28W tube lights): Replacement of 40 W tube 
lights with conventional copper choke by T5, 28W tube light can save more than 20% energy over the life of a T5 
lamp. Payback period varies between 2–5 years depending on cost of electricity and operating hours. 

 Replacement of electromagnetic chokes in 40/36 W fluorescent lamps with electronic chokes: Replacement of 
conventional copper choke by electronic choke can yield 30-40% saving with payback period varying between 3–8 
years. (Varies with tariff & operating hours). 

Residential buildings - space cooling 
 Replacement of conventional ceiling fans with energy efficient ceiling fans: Energy efficient ceiling fans (50W) 

consume less energy than conventional ceiling fans (70W). These fans are approximately 10% more expensive 
than conventional ceiling fans with payback of 5-6 years. 

 Use BEE labelled air conditioners: A 4 star rated air conditioner saves 30% energy with incremental cost being 
paid back in less than 6 months time. 

 
48
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Residential - solar water heating 
 Replacement of electric geysers with solar hot water system for domestic water heating give up to 60% energy 

saving with a payback period of approximately 4 years. 
Commercial buildings: retrofitting HVAC systems 
 Replacement conventional ceiling fans with energy efficient ceiling fans 
 Replace inefficient chilling machines by efficient chillier 
 Replace single skinned air handling units by double skinned air handling units 
 Replace inefficient chilled water and condenser water pumps by efficient ones 
 Replace aluminium blades of cooling towers by blades made of Fibre-reinforced Plastic (FRP) 
 Convert constant chilled water flow to variable flow 
 Regulate chilled water flow and condenser water flow to the rated capacity 
 Use variable frequency drive at AHU (Air Handling Unit) fans 
 Install wet bulb operated frequency drive at cooling tower fans 
 Convert constant chilled water flow to variable volume flow 
 Regulate fresh air to the design value. Use economizer and enthalpy controls at AHUs 


Box 14 Showcasing a green building 

The CESE (Centre for Environmental Sciences and Engineering) building is a research facility at the IIT (Indian 
Institute of Technology), Kanpur on a plot area of 175 000 sq m. (approximately 4.5 acres). The facility houses 
laboratories, seminar rooms, and discussion rooms for various disciplines of environmental sciences with built up 
area of 4250 sq.m. Designed on energy efficient principles, more than 50% reduction in energy consumption over 
conventional building is achieved through envelope optimization (Orientation to predominantly face north-south, wall 
and roof with 50mm expanded polystyrene insulation, daylight friendly window design with shading and high 
performance double glazing), lighting optimization (light power density less than 10W/sqm and day linked controls) 
and HVAC optimization (High efficiency chillers with thermal energy storage system and integration of earth air 
tunnel with air handling units). The incremental cost was 25% over conventional design with the increased cost paid 
back in a little over 5 year time, through cost of energy saved in operation) 
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Table 8 Summary of barriers and strategies for energy efficiency in the residential 
and commercial sector 

Barriers Recommendations 
High upfront costs, lack of 
awareness of payback  

Life cycle cost analysis on incremental costs and benefits by consultants and 
builders will motivate stakeholder buy-in 
Financial incentives such as tax breaks could be linked to rated buildings. This 
would provide motivation for users to demand energy efficient buildings and 
developers to provide for the same. 

Spurt in glass dominant structures 
for commercial use 

Mandatory adoption of ECBC (Energy Conservation Building Code) 2006, which 
restricts gross wall area to window area ratio to a maximum of 60% and stringent 
glazing specifications  

“Split incentives” – economic 
benefits of energy efficient 
technologies and materials do not 
accrue to the builder  

Mechanisms that can result in accrual of CDM benefits to developers of energy 
efficient buildings; also mandating incorporation of certain features such as solar 
water heating systems and efficient lighting systems  

Age-old specifications followed by 
state and central government 
construction projects 

needs urgent revision to incorporate energy efficiency 

Building byelaws and urban 
planning byelaws do not address 
sustainable building solutions 

At the national level, an attempt should be made to integrate the provisions of 
energy efficiency into the building byelaws. There is no mandatory requirement for 
minimum energy performance. BEE should come up with minimum energy 
performance benchmarks for different building typologies 

Absence of a regulatory framework  Strong framework required dovetailing the various agencies and ministries involved 
(as also pointed out below) 
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 Energy efficiency: barriers and possible incentives 
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SECTION IV  Managing energy import dependence 
proactively 


















Figure 10 Imports and import intensity of GDP in 2031 in various scenarios  

Source: TERI estimates 


 Energy import dependence patterns 
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 Import dependence: an antithesis of energy security? 




















 Widening energy links  






Box 15:  Strategic Petroleum Reserves 
 
Currently India holds 5 million tonnes or about 35.7 million barrels of oil in reserve. As per the current 
economic scenario, this is a cover for 14 days on consumption basis and 19 days on import basis. 
Recently the government has planned to enhance the stock to about 120 million barrels in several 
phases. However, holding strategic petroleum reserve requires large investments in infrastructure, 
technology and manpower, a framework for analysing the net benefits of investing in and holding SPR 
for an economy is critical. India has plans to increase its SPRs significantly and TERI is currently in 
dialogue with the Ministry of Petroleum and Natural Gas on the policy implications of this initiative.   
 
In India locations for building up strategic oil stock have been chosen primarily near coastal areas. 
This is because soil strata of these areas suit building the rock caverns. Salt caverns are another 
option being considered for oil storage in Bikaner-Nagaur areas of Rajasthan. ONGC has been 
carrying out a feasibility study for this. It has been suggested that one time capital expenditure will be 
financed through a budgetary allocation. Inventory and Operation and Management costs are to be 
met from increased cess on crude oil as per the OID Act. In order to be able to construct a strategic oil 
pool, the country should also make the exercise dynamic as an arbitrary fill-up decision would not 
result in an economically efficient outcome. The analysis would depend on the probability distribution 
of the shock over future periods, which in turn is based on an understanding of economic and 
geopolitical factors. Given a projected scenario regarding supply shock, an optimal path would have to 
be chalked out based on parameters like discount rate, elasticity of oil demand with respect to price, 
oil stock range and transition probabilities. For India, detailed techno-economic assessment (regarding 
location, types of cavern, types of oil etc.) and policy analysis (in terms of how much SPR and who is 
to manage it etc) is required. 
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Central Asia 
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Figure 11 Mapping India’s Energy Partners 

Source: List of countries compiled on the basis of BP Statistical Review of World 
Energy 2009 and Government of India 2009. 
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Africa51  
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The South Asian Region: Sub-Continent Level Energy Cooperation 
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 Analysing trade partners 
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 The role of equity investments in fostering energy security 








Figure 12 Equity Investments by India 

Source: TERI 2007b 
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Box 17:  Framework for assessment of risk premiums 
 
A framework for assessment of risks and benefits of equity investments in other countries needs 
to take account of qualitative and quantitative benefits that may be lost in the absence of such 
investments. Such benefits might include - larger market access, larger access to strategic 
energy resources, building of intergovernmental networks, and creation of political relationships, 
trade linkages as well as diversification of energy supply sources and reduction of political and 
macroeconomic risks. A valuation of such lost benefits in case of absence of investment has to 
be done. This valuation could be used in estimating the premium paid while making the 
investments in energy assets for enhancing energy security in the selected countries. The 
amount of the premium would be based on the discounted valuation of the total expected benefits 
which could be lost if the investment is not made. The time frame for such discounted valuation 
would be based on the total lifetime of the investment made. The discount factor would reflect the 
financial as well as the opportunity cost of capital invested. Insurance structures in the form of 
sovereign funds could be built in to act as insurance for managing the risks of such investments. 
This could lead to optimizing investment decisions. 
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 Energy Trade Routes: Threats and Remedies 
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Possible Response Options 
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Strait of Malacca                                                                             Strait of Hormuz
Source: Wikipedia 2007                                                                   Source: EIA 2008a                                                              

               The Bab-al Mandab 
                     Source: EIA 2008b 

Figure 13 Chokepoints to India’s Shipping Routes 



 Forging and managing energy ties 
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SECTION V  Towards a national action plan for energy 
change 










 Summarising action points  
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Table 9 Summary of action points for various transitions 

Bridging the electricity deficit 
Gas based power 
generation as a 
transition option 

Holistic policy for gas pricing and utilisation  
Addressing import uncertainties;  
Addressing knowledge gaps on new sources of gas (gas hydrates, 
shale gas, coal bed methane) 

Solar energy – PV 
and thermal 

Links with the National Solar Mission - technology and resource 
assessment and planning  

Nuclear 
 

Securing uranium imports 
Public perceptions – especially around nuclear waste 
Detailed understanding of environmental and health implications of 
nuclear energy on a certain scale 

Clean coal (IGCC 
with CCS) 

Demonstrating and up scaling the IGCC technology; integrating with 
CCS 
Addressing knowledge gaps on CCS 

Towards sustainable energy consumption: efficiency and equity considerations 
Improving energy 
efficiency in industry 
– focus on small 
scale sector 
 

Financial barriers and knowledge gaps – addressing through 
institutional interventions; taking forward the cluster approach, 
identifying change agents in each sector 
 

Transport sector: 
reducing vulnerability 
to oil risks 

Fiscal and other incentives to encourage public transport 
Strategic emphasis on use of rail for freight movements – targeting 
political and social barriers  
Understanding the true potential of liquid bio-fuels based on an 
assessment of land and water resources as well as biomass as an 
energy resource 

Green Building 
design 

Knowledge gaps  
Policy gaps – more incentives for GBD 

Household energy 
poverty – focus on 
cooking fuels 

LPG and natural gas for urban households 
Explore clean biomass options for rural households –  
Biomass strategy viewing biomass resources from a holistic 
perspective 

Managing import dependence proactively 
Foreign policy and 
trade policy changes 

MEA to work in tandem with all energy ministries  
Diversifying import sources 
Using overseas energy equity investments judiciously 
Deepening and widening links with energy partners 
Pipelines diplomacy 
More active role in securing sea routes 



 Change is never easy 
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Beliefs and perceptions must change; we must get out of energy 
complacency 
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Energy prices must signal energy scarcity and incentivise green and 
efficient forms of energy 
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Technology change will have to be managed 










Spurring domestic energy innovation  
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Strategising technology transfer 
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The policy and institutional context must reflect a change in thinking 
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Appendix I: List of stakeholders consulted 



















Sl Name Organisation 
1. Mr A A Khatana Indian Renewable Energy Development Agency Limited (IREDA) 

2. Mr A K Wahi Central Mine Planning and Design Institute Limited (CMPDIL) 

3. Mr A Viegas Hotel Blue Bay 

4. Mr Agnel Miranda Alor Holiday Resort 

5. Dr Ajay Mathur Bureau of Energy Efficiency 

6. Mr Ajit Kumar National Thermal Power Corporation Limited (NTPC) 

7. Dr Alok Sheel, IAS Economic Advisory Council to the Prime Minister 

8. Mr Amarjit Singh Soni SUN Group 

9. Mr Amit Bandekar NRB GROUP 

10. Mr Amit Kumar Tata BP Solar India Limited 

11. Mr Amitava Banerjee Lurgi India Company Private Ltd. 

12. Mr Anand Madgavkar Emerald Cruises 

13. Mr Anders Feldbak Mozaic Design 

14. Mr Andreas Mueller Fort Aguada Beach Resort        

15. Mr Andrew Rodrigues RONILS BEACH RESORT 

16. Mr Angelo Fernandes SUN VILLAGE 

17. Dr Aparna Sawhney Jawaharlal Nehru University (JNU) 

18. Ms Aparna Surve Indian Institute of Architects (IIA), Goa Chapter 

19. Mr Arindam Banerjee National Institute of Public Finance (NIPFP) 

20. Ms Arpita Mukherjee Indian Council for Research on International Economic Relations (ICRIER) 

21. Mr Arun Madgaonkar Gram Vikas Kendra, Goa 

22. Dr Arun Tripathi Ministry of New and Renewable Energy 

23. Amb Arundhati Ghose Former Ambassador to the United Nations 

24. Mr Ashok Mehta IL & FS IDC 

25. Mr Ashwani Chanana SUN Group 
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Sl Name Organisation 
26. Mr Avertano D'Souza Goa Environment Federation 

27. Mr Ayub  Zikriya The International Centre, Goa 

28. Mr B A Bhatt NTPC 

29. Mr Bharat Karnad Centre for Policy Research 

30. Mr Bhupender Singh Ministry of External Affairs 

31. Mr Biman Gosh North Delhi Power Limited 

32. Mr Bryan Soares Soares & Associates 

33. Mr Carlos Menezes Menezes Air Travel Pvt. Ltd. 

34. Mr D Adhikari Oil and Natural Gas Corporation Limited (ONGC) 

35. Ar D D Sunctankar IIA, Goa Chapter 

36. Mr D K Dewan Chhattisgarh State Electricity Regulatory Commission (CSERC) 

37. Dr D M Kale ONGC 

38. Mr D N Prasad Ministry of Coal 

39. Mr Dean D'Cruz IIA, Goa Chapter 

40. Mr Deepak Gupta IL&FS 

41. Mr Devender Sharma Reliance Energy 

42. Mr Don Mohanlal The Nand & Jeet Khemka Foundation 

43. Ar Dushyant Kamat IIA, Goa Chapter 

44. Ms Esther Mascarenhas PRAINHA 

45. Mr G K Acharya Indian Oil Corporation Limited (IOC) 

46. Mr Gagan Vermani Moser Baer India Limited 

47. Mr Gautam Sen ONGC 

48. Mr Gerard da Cunha Architecture Autonomous 

49. Mr Girish Vaingankar Ronils Beach Resort 

50. Mr Gulshan Kapur Advanced Electronic Systems 

51. Dr H M Behl Lucknow University  

52. Mr Hemant Redkar Vista Do Rio 

53. Mr J Parab Bogmalo Beach Resort 

54. Mr Jai Uppal Center for Alternate Energy Research 

55. Mr Jerome Lobo Fort Aguada Beach Resort 

56. Mr K D Sadhale Nirmal Vishwas, Goa 

57. Mr K K Pahuja Steel Authority of India Limited (SAIL) 

58. Mr K K Sekhar Milroc Development Company - Builders and Real Estate Developers  

59. Dr K Nandakumar Bharat Heavy Electricals Limited (BHEL) 

60. Mr K Ranganath Coal India Limited (CIL) 

61. Mr K Venugopal Delhi Electricity Regulatory Commission 

62. Mr Kama Krishna Grameen Surya Bijlee Foundation  

63. Mr Kapil Mohan Ministry of Power 

64. Mr Karn Pallav Noida Power Company Ltd. 

65. Mr Khwaja Ayub Zickriya The International Centre, Goa 

66. Mr Kirit Maganlal Magsons Supercentre 
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Sl Name Organisation 
67. Mr Kumarappan Balaji Mozaic 

68. Ms Lorna B. Fernandes Goacan 

69. Mr M D Pawde Hindustan Petroleum Corporation Limited (HPCL) 

70. Mr M K S Rajput NTPC Korba 

71. Mr M Rajaretnam The International Centre, Goa 

72. Mr M Satyamurty Planning Commission 

73. Mr Mahesh Jade Fort Aguada Beach Resort 

74. Ms Mani Khurana The World Bank 

75. Mr Manish Tiwari All India Congress Committee  

76. Mr Manohar Thyagaraj US-India Business Alliance 

77. Mr Manoj Kapil Tata BP Solar 

78. Dr Meenakshi Munshi Department of Biotechnology 

79. Dr Meeta Mehra JNU 

80. Mr Mikul Bhatia The World Bank 

81. Mr Mohit Goyal Price Water House Cooper 

82. Mr N K Jain SR Corporate Consultant Limited (SRCCL)  

83. Mr N K Mullick NTPC Limited 

84. Mr N Khurana CMPDIL 

85. Dr N Mekoth Faculty of School of Management, Goa University 

86. Dr N P S Varde Goa Energy Development Agency (GEDA) 

87. Mr Narender Singh NTPC Ltd. 

88. Mr Naveen K. Sanil Vista Do Rio 

89. Ms Niharika Singh Confederation of Indian Industries (CII) 

90. Ms Nirmala Kaushik Department of Science and Technology 

91. Mr Nitin Sawant World Wide Fund for Nature 

92. Dr Nitya Mohan Khemka The Nand and Jeet Khemka Foundation 

93. Mr P Bansal SAIL 

94. Mr P C Parakh Former Secretary, Department of Coal 

95. Mr P K Kanchan Former Director, CMPDIL 

96. Air P K Pinto A V S M (Retd) Goa Chamber of Commerce and Industry 

97. Ms Padma Kaul Economic Advisory Council to the Prime Minister 

98. Mr Parimal Sadafal Winrock International India 

99. Mr Partha Mukhopadhyay Centre for Policy Research 

100. Mr Piare Lal Pragati Biotechnologies 

101. Mr Prakash Pednekar Cidade de Goa Beach Resort 

102. Dr Pranav N. Desai JNU 

103. Ms Pranoti Walke Chowgule Real Estate & Construction Co. Pvt. Ltd. 

104. Mr Prem Parkash NTPC Limited 

105. Ms Priya Barua The World Bank 

106. Mr R D Gupta Uttar Pradesh Electricity Regulatory Commission 

107. Mr R Gopalan Department of Commerce 
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Sl Name Organisation 
108. Mr R K Chaturvedi Chattisgarh Biofuel Development Authority (CBDA) 

109. Mr R K Sachdev Former Advisor (COAL) GOI 

110. Mr R K Verma Chhattisgarh State Renewable Development Agency (CREDA) 

111. Mr R L Mattoo NTPC Limited 

112. Mr R N Sharma SRCCL 

113. Mr R S Bhakuni CREDA 

114. Mr R V Shahi Former Secretary, Ministry of Power 

115. Mr Rajeev Gyani CREDA 

116. Mr Rajesh Kumar SRCCL 

117. Mr Rajesh Sinha Nuclear Power Corporation of India Limited (NPCIL) 

118. Mr Rajiv Goyal NPCIL 

119. Mr Rajiv Kulshrestha Steca-Bergen Solar Products Pvt Ltd 

120. Mr Rajiv Nayan Institute for Defence Studies and Analyses (IDSA) 

121. Mr Rajiv Ranjan Santiago  Resorts 

122. Mr Ralph De Souza Travel And Tourism Association Of Goa 

123. Dr Ram Upendra Das Research and Information System for Developing Countries (RIS) 

124. Mr Ramesh Kher NTPC Limited 

125. Mr Ramesh Phadtare Cidade de Goa 

126. Mr Ramesh Valluri SUN Group 

127. Dr Ramgopal Agarwala RIS 

128. Mr Ravi Grover Bhabha Atomic Research Centre (BARC) 

129. Dr Ravindra Singh Parmar National Physical Laboratory 

130. Mr Reji Kumar Pillai IBM 

131. Ms Ritu S Jain SRCCL 

132. Mr Roland Martins Goa Desc Resource Centre 

133. Ms Ruchita Beri IDSA 

134. Mr S D Prasad NTPC Limited 

135. Mr S K Chowdhary Former Chairman CIL 

136. Mr S K Jain SRCCL 

137. Mr S K Shukla CREDA 

138. Mr S K Soonee Power Grid Corporation of India Limited 

139. Mr S M Sharma Cement Manufacturers' Association 

140. Mr S Mukhopadhyay Geological Survey of India 

141. Mr S Padmanaban United States Agency for International Development (USAID) 

142. Dr S S Rao National Research Centre for Sorghum (NRCS) 

143. Mr S. Ravishankar Reliance Energy Limited  

144. Dr Sachin Chaturvedi Research and Information System for Developing Countries (RIS) 

145. Mr Sandeep Gupte Bharti Infratel Limited 

146. Mr Sandeep Tandon USAID 

147. Mr Sanjay Verma Ministry of External Affairs 

148. Mr Sanjeev Chopra Dakshin Haryana Bijli Vitaran Nigam Ltd 
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149. Mr Sanjeev Jain CREDA 

150. Mr Saurab Seth Siemens Limited 

151. Mr Saurabh Yadav The World Bank 

152. Mr Shailesh Kumar Goa Marriott Resort 

153. Ms Shebonti Ray Dadwal IDSA 

154. Mr Shetty Somashekar Sun Village 

155. Mr Shyamal Barua SUN Group Enterprises Pvt Ltd 

156. Prof SL Rao Institute for Social and Economic Change (ISEC) 

157. Mr Soter D'Souza Peaceful Society 

158. Dr Sreeradha Datta IDSA 

159. Mr Srikanta Panigrahi Bio Diesel Society of India 

160. Mr Subrata Barman International Finance Corporation 

161. Ms Sudha Mahalingam Petroleum and Natural Gas Regulatory Board (PNGRB) 

162. Mr Suneel Deambli Consultant 

163. Mr Surya P Sethi Planning Commission 

164. Mr T S Viswanath CII 

165. Mr T.K. Chatterjee NTPC Limited 

166. Mr Tinnium Kannam GE 

167. Mr TN Rames Tata BP Solar 

168. Mr Trilok Tandon SRCCL 

169. Mr Uday Bhaskar Former Member Secretary, Task Force on Global Strategic Developments 

170. Mr V Balachander Park Hyatt Goa 

171. Dr Veena Joshi Swiss Agency for Development and Cooperation 

172. Mr Vijay Duggal Petroleum and Natural Gas Regulatory Board (PNGRB) 

173. Mr Vijay Singh Berger Electronics Ltd 

174. Ms Vinni Timblo Cidade De Goa Beach Resort 

175. Mr Viraj Desai Chowgule Real Estate & Construction Co. Pvt. Ltd. 

176. Amb Virendra Gupta Ministry of External Affairs 

177. Mr Vivek Goyal Central Electricity Authority 

178. Mr Yash Mallick ONGC Videsh Limited 

179. Dr Zubin Varghese Siemens Information Systems Ltd. 
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Population Population grows from 1 billion in 2001 to 1.45 billion in 2031 and share of rural population 

declines from 72% to 66% over the same period 
GDP India’s GDP grows more than ten-fold from Rs 20 trillion in 2001 to Rs 212 trillion in 2031. 

The share of agriculture declines from 26% to 12% while those of industry and services rise 
from 23% and 51% to 28% and 58% respectively 

Coal  Domestic availability of coking coal and non-coking coal and lignite are pegged at 60, 767 
and 90 million tonnes respectively in 2031. No constraints have been imposed on coal 
imports. 

Oil Domestic oil production will stagnate at about 42 million tonnes by 2016 and refining capacity 
will in the very least increase to about 302 million tonnes per annum in 2016. No constraints 
have been imposed on crude oil imports. 

Natural gas Domestic gas production is expected to rise to 73.8 bcm by 2011 and stagnate at that level. 
LNG imports are projected to range between 24 and 51 bcm in 2031 while piped gas 
(possibly from Iran and Myanmar)  are not expected to be more than 43.80 bcm by 2016 and 
stagnating at that level till 2031 





Fuel Unit 2011 2016 2021 2026 2031 
Natural gas $/MMBTU   7.85   8.68     9.50   10.33   11.15 
Non coking coal $/tonne 82.27 91.70 101.14 110.57 120.00 
Crude oil $/bbl 75.46 81.60   87.73   93.87 100.00 


 
69



