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ñEnabling Global Leadership through Massive Scaling of SEIò. 
 

Introduction  
Energy is the lifeblood of emerging economies like India, much more so than developed economies. If India manages to 

find a way to massively scale Sustainable Energy Initiatives (SEI) that harnesses its rich resources to transition to clean, 

economical & self-reliant energy, India will emerge as one of the global leaders for this century.  On the other hand, energy 

can also become an addictive drug that can ruin global economies, especially for countries like India, if they continue to rely 

heavily on fossil fuel resources that not only pose exponentially escalating energy security risks but also lead to devastating 

environmental impacts that may become irreversible. History has shown us time and time again that breakthrough 

transitions occur only if we dare to shed our conventional thinking and step outside the box.
ii
 Conventional thinking points 

out that Indiaôs lack of energy infrastructure poses a gigantic problem, and to many, it may almost seem insurmountable. 

However, the very lack of traditional energy infrastructure may give India an unfair advantage over other major economies 

to break away from the mold and create a new path to clean, economical & self-reliant energy. After all, India did just that 

with the cell phone revolution. The stakes are exponentially higher & urgent for energy transition; our very next 

generationôs future depends on it. So here are some recommended steps for India to ñimagine a handoff, clean sustainable 

energy, fueling our economy, curing our environmenté securing our childrenôs future.ò
iii
 

 

The BAU: ñBusiness as Usualò Global Energy Scenario  
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Two major shifts for Energy Consumption based on current trends:

1. As more people reach middleclass status, non OECD countries will consume 59% energy by 2030, a 2.7X increase in 40 years.

2. China becomes the largest energy consumer by 2012 & by 2030 will consume 23%of total global energy, replacing USA.

3. India  energy impact on a global basis is inconsequential, at least until 2030.

é.  But there seems to be a big disconnect between EIA projections and TERI as well as invVESTscenarios
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All major institutions such as EIA, IEA, TERI
iv
 agree on one thing (Fig 1): energy growth in the future will be coming from 

emerging economies. While OECD countries are projected to grow from 241 QBtu ((254EJ) in 2005 to 279 Qbtu (294EJ) 

by 2030, non OECD countries, led by China, will grow from 221QBtu to 400QBtu during the same period. As Fig 2 shows, 

Chinaôs energy growth exploded in the last ten years (1999 -2008).  China grew by 127% as they became the Mecca for 

manufacturing operations when China adopted a controlled capitalist model and introduced its people to consumerism.
v
 In 

2007 alone, China installed an unprecedented 104GW of power plants, almost all of them coal fired.  Indiaôs energy 

consumption growth by comparison has been relatively flat until now. India will install about 35- 40GW of new power 

plants compared to about 400 GW for China during the 11
th
 plan time frame. The trillion dollar question for India will 

be: what will India need to do to emulate similar energy growth, so critically needed for its own sustained economic 

growth? Does it need to depend on BAU perceived ñcheapò fossil fuels, or can India find a way to massively scale 

SEI to ensure long term economic sustainability? 
 

While EIA, IEA and TERI have modeled several scenarios, all projections essentially show the world will continue to 

depend primarily on fossil fuels for the next twenty years. This scenario cannot be sustained and will lead to a ñburnout 

scenarioò
vi
 in the best case and an unprecedented ñcollapseò in the worst case, brought on by either exponentially escalating 

confrontations to try and secure dwindling fossil fuels like oil and/or astronomical costs of adapting to environmental 

impacts caused by GHG (Green House Gases).  Procrastinating on mitigation that needs significant funds upfront will lead 

to even costlier & futile adaptation exercise. Viewing the unfolding energy saga in a time-warp makes it unnervingly vivid.  

Figure 1 Figure 2 
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For a world that is obsessed with instant gratification and making a quick buck, it is hard to look beyond a few years 

(quarters for Wall Street) ahead, but the fact is civilization existed long before 0 AD, the start of time-warp in Fig 3. There 

is absolutely no question that without the fossil energy provided by oil, coal and natural gas, the world would not have 

experienced the phenomenal economic progress it has made in the last 150 years or so. However, the exponential 

consumption of fossil based energy has created two major issues. 

  

First of all, most scientists and world leaders believe that man made emissions in the form of green house gases will lead to 

irreversible climate change and life changing global impact.  While many believe that we may have already crossed the 

threshold when CO2 levels crossed 350ppm a few years ago, there is still considerable debate what the threshold levels are 

and how soon the climate will deteriorate enough to cause grave turmoil globally.
vii

   
 

Secondly, the BAU models and even the alternative scenario models that consider traditional framework and boundaries 

will exhaust our fossil fuel reserves within the next few generations. Unless energy usage is curbed dramatically or we 

transition to new energy sources, conventional oil will get exhausted in less than 40 ï 60 years and even relatively more 

abundant gas and coal will get exhausted in about 200 years. If we view these phenomena under the 4,000 year time-warp 

map as shown in Fig 3, the fossil fuel era looks like a blip. Given that the most disruptive transition to new energy sources 

will take at least 50 - 60 years, if we do not start the massive transition process now, our very next generation will face a 

chasm that may make the great economic depression of the early 1900 look like a walk in the park.  In fact, there are a 

growing number of people similar to Rob Hopkinôs
viii

 transition group who believe that the world will not be able to 

transition to a new source of energy and they are preparing their communities to live in an energy deprived environment. 

We believe that nations that promote and accelerate disruptive Sustainable Energy Initiatives (SEI) will be able to avoid the 

ñChasmò.  Reversing climate change will require key economies of the world to join forces to transition rapidly to SEI. 
  
Fig 4 zooms into a 400 year time warp to visualize the impact of climate change, fossil based energy resources exhaustion 

and global population. The actual energy consumption & projection comes from Fig 1 and we are overlaying global 

population growth to provide different energy scenarios and its impact under business as usual trends.  If we need to have a 

95% confidence level to avoid a severe global environmental impact and fossil energy scarcity we will have to have 

completed a significant transition to a sustainable source of energy by 2030, beyond which the environment as well as 

economic growth may experience  unprecedented catastrophe.  
  
The point being made here is even if climate change were not to happen and we figure out ways to extract significantly 

more fossil based energy by tapping all the nonconventional reserves like Tar-Sands and Shale-Gas, we will have to have 

completed a significant transition to a sustainable source of energy by 2050 -2070 time frame. The ability to extract more 

than twice the amount of energy without serious environmental ramifications has less than a 5% confidence level.
ix
 

Renowned Scientists like James Lovelock are projecting that the world can only sustain 500 million people in the future 

under these scenarios, a serious reduction from the 10 billion people the world will have by 2050.
x
  The bottom line is if we 

fail to massively scale SEI, life as we know now will completely change for our future generations.
xi
 

 

There are ongoing raging debates, bordering on being futilistic, among developed and developing countries, The 

Copenhagen Climate Change Conference
xii

  being the most recent, on how to agree on a equitable framework and share the 

burden of this energy transition saga because the perception is clean SEI (Sustainable Energy Initiatives) is added cost to 

business and countries. But what if clean sustainable energy becomes the more economical energy source through break 

through innovations and massive scaling?  History has shown repetitively that high costs of early implementations are 

dramatically reduced through relentless innovation and massive scaling. Breakthrough technologies and massive scaling 

invariably reach a tipping point for large scale adoption.
xiii

 

Figure 3 Figure 4 
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Historically, every time the price of 

fossil fuel drops, renewable energy 

initiatives immediately are in 

jeopardy.  

However, if we take a long term 

view and work on: 

 

1. Massive scaling with a clear focus 

to bring down the prices of SEI at 

or below power parity. 

 

2. Adopt long term policies among 

major energy consuming 

countries to entice SEI 

investments until it meets power 

parity.  

 

Then fossil fuel demand can be met 

without supply shortfalls. This 

should not only bring down price 

escalation but also stabilize existing 

wild price fluctuations.  See Figure 

5 & 6. 

 

The public & private sectors can sit 

down and figure out how to 

leverage the 42 trillion $ the world 

will not spend on oil to pay for the 

upfront cost required to jumpstart 

massive scaling of SEI. CDM 

(Clean Development Mechanism) 

Carbon Taxes, Cap & Trade may be 

some of the key mechanisms that 

need to be adopted to achieve the 

desired upfront investments. 

 

This scenario can only happen if 

key stakeholders adopt an 

aggressive price performance target 

and launch massive SEI scaling. 

Mechanisms must be adopted to 

track clean sustainable energy prices 

to consistently hit the interim 

projected price performance 

targets.
xiv 
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The next fundamental question we need to ask ourselves is if we transition to clean sustainable energy, do we need to 

reduce our energy consumption, or can we find infinite ways to make use of clean sustainable energy that may be 

abundantly available in the future? While it is imperative that we find more efficient & effective ways to use energy to bring 

down the cost, we are asking energy companies to produce and sell less energy and energy related products & services, 

which is counterintuitive to the current private investor owned economic model. There are two key lessons we should have 

learned from the information technology & telecommunications based business model: 1) convergence of disparate 

industries exemplified by the landline based telecommunications companies not only faced competition from cell phones 

that needed relatively minimal infrastructure, but also from the internet, cable and satellite TV based companies & now 

social networking  2) With the advent of emerging technologies, the cost for communications on per minute basis 

dramatically reduced and yet the total expenses for communications increased significantly for organizations as well as for 

families.  Similarly, convergence of clean SEI (Sustainable Energy Initiatives) will open doors for new opportunities to use 

energy in ways we have not even begun to imagine.  

Thinking Outside The Box 

Figure 5 

Figure 6 
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If the major economies of the world can successfully transition to clean sustainable energy, then it is possible to see a robust 

long term growth for at least the first half of this century.  Countries that take the leadership role in breakthrough transition  

for SEI will be the future global leaders of this century. 

According to the data provided in ñThe World in 2010ò recently published by The Economist, Chinaôs GDP in real dollar 

valuation will cross Japanôs GDP in 2010. From all the reports we see that China is already back on track, growing at 8%+ 

per annum. We have assumed that in an unconstrained access to resources scenario
xv

, China will maintain 8% avg. growth 

rate per annum from 2010 -2020, 7% per annum from 2021 -2030, 5% per annum from 2031 -2040 and then slow down to 

3% per annum from 2041 -2050. Like most analysts are projecting, China will cross GDP of USA around 2030 and may see 

their GDP north of fifty trillion $ by 2050. Even at that point, their GDP per capita will be $38,500, still significantly below 

projected USA GDP per capita of $84,800.  Among the many constraints China will face while continuing to grow at this 

rate, transition to clean Sustainable Energy is going to top their list.  While China has become the worldôs largest emitter of  

GHG overtaking USA in 2007, and they will be the largest energy consumer by 2012, China is moving very aggressively to 

become the global leader in renewable energy initiatives for not only manufacturing for exports but also for installing multi 

Gigawatt wind farms and solar farms in their own country. Last year China planted more than two billion trees and they are 

ramping up their bioenergy initiatives.  The reason for this urgency is not at all altruistic, it is for their own survival and 

sustained growth.
xvi

  

As the worldôs largest democracy, India faces its own set of challenges. If anything, transition to clean, economical & self-

reliant energy is one of the gigantic challenges it needs to resolve. While India has significant advantages over China and 

most nations as a service economy leveraging its low cost intellectual capital, long term growth can be in jeopardy if India 

cannot provide equitable income for its masses in rural and urban areas. Availability of economically distributed energy can 

spawn manufacturing based job opportunities and help increase productivity and overall quality of life for its masses. Even 

if India grows at a more aggressive rate than China as shown in Figure 7 in the next 40 years, India will have a significant 

advantage in GDP per capita and will still be three to four times lower than China. Availability of clean and reliable energy 

along with a trained workforce can open the doors for significant manufacturing based opportunities for exports as well as 

internal consumption for India needed for a long term sustainable growth. On the other hand, if we stick to the BAU model 

and fail to massively scale SEI we will see stunted growth as represented by dotted lines. And the scary part is this may be 

representing the best case scenario for the BAU model.
xvii

  

Figure 7 
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India Energy Scenarios: Rational Planning Vs. Disruptive SEI (Sustainable Energy Initiatives) 
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India Energy:  Varianaces for 2030

Qbtu

Peta 

Joules

B kwh 

eq.

TERI High Growth      133  140,066 39      

TERI BAU     84    88,737   25      

TERI Efficiency      61    64,453   18      

IEA High Growth 60    63,032   18      

IEA Ref. Case 52    54,296   15      

IEA Alt.Scenario 43    45,226   13      

EIA Ref. Case 32    33,728   9        

invVEST SEI 64    67,943   19       

In all the energy projection models invVEST has reviewed, while there are significant variations in the total energy 
consumption projections (TERI High Growth Case and the Energy Efficiency Case has a 218% variance & EIA projections 
seems to be out of whack with everyone else), the fossil fuel resources continue to dominate. Even under the most 
aggressive alternative policy scenarios considered by IEA and TERI, fossil fuels continue to provide more than 80% of its 
energy needs and energy imports escalate significantly.  India cannot sustain a traditional fossil energy based economic 
growth and will run into serious energy security and environmental impact issues. See Figure 8 and Table 1. 
 

In the SEI: Disruptive Energy Transition Scenario shown in Fig 9 below, the Central, State, Public Institutions work closely 
with Private entities to find breakthrough technologies, policies and funding mechanisms to massively scale a portfolio of 
sustainable energy initiatives.  Premier institutions like IITs need to focus not only on fundamental R&D but also focus on 
applied research that incorporates DFSM (Design for Scaling Manufacturing) at an early stage and work seamlessly with as 
many world class institutions and organizations to deliver a finished product that can compete globally in quality and price. 
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While an in-depth discussion and 
analysis of the model is beyond the 
scope for this paper, it is important to 
note that the next 10 years are critical 
to set up world class R&D centers in 
India that will lay the ground for 
massive scaling in the following 10 
years and beyond. To truly understand 
the strengths and weaknesses of a 
specific SEI, the team needs to use 
structured tools like SEIMAT discussed 
later in this paper. 
 

If India can execute the groundwork in 
the next 6-10 years, it will provide a 
framework and infrastructure for SEI 
breakthrough scaling. It is at that point 
India can mimic Chinaôs exponential 
growth without its baggage of being 
excessively dependent on fossil fuels 
for its energy source. Global 
benchmarking, especially with China 
can provide invaluable lessons as India 
shapes its own destiny for clean SEI 
breakthrough deployment.   

 India and USA will have a mutual interest to work together to provide balance of economic power in the not so distant 
future. Colorado, where invVEST is headquartered, can be one of the leading states to work closely with India especially in 
the formative years as NREL is headquartered in Colorado, three of its key Public Universities; Colorado University, 
Boulder, Colorado State University, Fort Collins and Colorado School Of Mines, Golden  have significant research work 
going on with NREL and the industry. Colorado State, PUC, GEO

xviii
 has adopted an aggressive policy towards New 

Energy Initiatives that has enticed several organizations large and small to set up R&D and operations centers in 
Colorado.

xix
 

Figure 8 
Table 1 

Figure 9 
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INDIA: SEI Scaling Target Scenario 
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While the commercial energy for India is fairly well defined and up to date at least until 2007-08, the biomass energy data is 

not so well defined and most available data-points are inferences from assessments made around the year 2000. Both IEA 

(158Mtoe) and Planning Commission
xx

 (150Mtoe) provide noncommercial energy at around 6,300 PetaJoules which is 

mainly used for cooking and cottage industries, primarily in rural areas of India. The question that is not resolved as yet by 

invVEST is if this biomass energy, 73% of which is wood and woodchips, can be considered as clean low carbon footprint 

Sustainable Energy, since it is unclear whether the wood that is being used is being replenished.  Without the biomass, 

which is considered non-commercial energy, 95.9% of the commercial energy is fossil fuel based.  

If , as mentioned in the previous section, intensive R&D and pilot scale developments are initiated in the first 6 -10 years to 

enable commercially viable SEI portfolios, then by 2031 (end of 16
th
 planning session) India can have a diverse portfolio of 

Sustainable Energy programs that contribute significantly to increase the energy security and reduce the climate impact 

globally. Despite this disruptive breakthrough scenario, where as much as 38% of energy is provided by SEI program,  

India will still have an increased fossil fuel consumption simply because energy need is projected to grow by 2.76 times in 

this period.  As more rural based population use more efficient cooking stoves
xxi

 and as many of them move to more 

efficient and/or convenient alternative fuel sources, energy need for biomass based cooking reduces in the traditional form. 

The excess biomass can then be used for more efficient energy usage such as to generate steam and electric as well as 

biofuels in an integrated energy environment. India will also need to have a massive tree plantation program in place to 

replace at the minimum the trees being used to have a zero/low carbon footprint. 

The energy efficiency programs
xxii

 shown in Fig 10 is incremental over and above what the BAU model is assuming for 

energy savings through efficiency & conservation programs. In this scenario, India will be consuming 64% of energy USA 

used in 2007 and will be consuming about 35% - 40% of what China is projected to consume around 2030.  

In the invVEST SEI initiative, India generates more energy than all IEA cases to maintain a projected economic growth (but 

significantly less than the TERI growth case as shown in Table 1) and yet will consume significantly less fossil based 

energy and have a lower carbon emission rate.  

Figure 10 


