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Introduction

Energy is the lifebloof emerging economies like India, much more so than developed econtfieia manages to

find a way to massively scale Sustainable Energy Initiatives (SEI) that harites$els resourcesd transition toclean,
economicalk self-reliantenergy, India will emerge as one of the global leaders foc#ntury. On the other hananergy

can also becomenaaddctive drug that ca ruin global economies, especialty counties like India if theycontinue to rely
heavilyon fossil fuel resources that not only pose exponentiabakating energy security risksit alsolead to devastating
environmental impacts that may become irreversilbléstory has shown us time and tinagain that breakthrough
transitions occupnly if we dare to shed our conventional thinking and step outside the®amxventional thinking points

out that Il ndi ads | gosksa giganticprabéem gng to imanfyitr neag dlmost seern imsmountable.
However the verylack of traditional energy infrastructure may give India an unfair advamegeother major economies

to break away from the mold and create a new path to clean, economicalr&liself energy. After all, Indidid just hat

with the cell phone revolutionThe stakes are exponentialljigher & urgent for energy transitionpur very next

g e n e r dutuie dapénds on iBo here are some recommendtéepsfor Indiat o fii magi ne a handof f,
energy, fueling or economy, curingwr envi ronment é seadcdwiien® our childrent6s f
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é. But there seems to be a big di sicvESHenmatios b e g ——CHINA GROWTH /

China Reference

~——China Low

India

1990 2005 2015 2030

VSNI Proprietary Flgure 1 VSN\ Proprietary Flgure 2

All major institutions such as EIA, IEA, TERRgree on one thing (Fig 18nergy growth in the future will be coming from
emergingeconomies. While OECD countries are prgelcto grow from 241 QBtu ((254EJ) in 2005 to 279 Qbtu (294E
by 2030, non OECountriesled by Chinawill grow from 221QBtu to 400QBtu during the samerpd. As Fig 2 shows,
Ch i n aefgyg grosvthexploded in tke last ten years (1992008). Chinagrew by 127% ashey became the Meccaff
manufacturing operationghenChina adopted a controlled étglist model and introducedsitpeople to consumerisfin
2007 alone China installed an unprecedenteddlGW o f power pl ant s, al most al |l of
consumption growttby comparison habeen relatively flauntil now. India will install about 3540GW of new power
plants compared to about 400 GW for China during tHeplantime 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 oBAU perceivedfi ¢ h e fagsikfuels, or can India find a way to massively scale
SEI to ensure long termeconomicsustainability?

While EIA, IEA and TERI have modeled several scenarios, all projections essentially show the world will continue to
depend primarily on fossil fuef®r the next twentyyears. Thisscenr i 0 cannot be sustained an
scenwirn otohe best case and an ucagerbeongbtdremithezedporientialy dsalptinge 06 i n
confrontations to try andecure dwindling fossil fuels likeil and/or astroomical costs of adapting to environmental
impacts caused by GHG (Green House GasBsocrastinating on itigation that needs significant funds upfront vidad

to even costlier & futile daptation exercis&/iewing the unfolding energy saga in a thwarp makes it unnervingly vivid.
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The Meteoric Rise & Fall of Fossil Fuel In the absence of Massive Sustainable Energy Initiative:
Sustainable Energy Transition Viewed in a Time Wra €neray Global Energy & Population Viewed in a Time NG?LF
[ Petroleum Adapted from Transitions Handbook by Rob Hopkins gogsttl ption Ouwr Kids_ifetinie! Po?nufi
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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) ahedolt the fact is civiliation existed long before 0 AD, the stafttime-warp in Fig3. There

is absolutely no question that without the fossil energy providedilpgoal and natural as, the world would not have
experienced the phenomenal economic progress it has mathee last 150 years or sélowever, the exponatial
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 ichpaVhile many believe that we may have already crossed the
threshold when C@levels crossed 350ppanfew years agahere is still considerable debate what the threshold levels are

and how soon the climate will deteriorate enough to cgusee turmoilglobally.”

Secondly, the BAU modsland even the alternative scenario models that consmiitional framework and boundaries
will exhaust our fossil fuel reserves withthe next few generation&lnless energy usage is curbed dramatically or we
trangtion to new energy sources, conventional oil will get exhausted in less tharb@§ears and everelatively more
abundangas and coal will get exhaustedahout 200 years. If we view theppenomena under the 4,000 y&are-warp

map as shown in Fig, 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 miasstransition process now, ouery next generatiowill face a
chasm that may make tlgreat economic depression of the early 18§k like a walk in the park.In fact, there are a
growing number of peop"l tansison group aho believe tiabthe whrld pvidk nat Besable to
transition to a new source of energy and they preparing their communities to live in an energy deprived environment.
We believe that nations thatomote andccelerate disruptive Sustainable Energy Initiatives (SEI) will be able to avoid the
AChasm Reversing cl i mat momiestofahe gvald ta joih forces te tyaasition eapidlyetoySEle ¢ o

Fig 4 zooms ito a 400 year time warp to visualize the impeafctlimate change, fossil based energy resources exhaustion
and global population. The actual energy consump#ioprojection ®mes fromFig 1 and we are overlayinglobal
population growth to provide fiérent energy scenarios and impact under business as usual treriflaie needto have a
95% confidence level to avoid a severe global environmental impact and fossil ecargyy sve will have to have
completed a significant transition to a sustainadarce of energy by 203®eyond which the environment as well as
economic growtlmay experiencaunprecedentedatastrophe

The point being made here is even if climatardie were not to happen and we figure out ways to extract significantly
more fossil based enerdpy tapping all the noconventional reserves like T8&ands and Shal&as we will have to have
completed a significant transition to a wusable source of emgy by 208 -2070 time frame. The ability to extract more

than twice the amount of energy without serious environmental ramifications has less than a 5% confidefice level.
Renowned Scientists like James Lovelock are projecting that the world can omliyn 3 million peoplen the future

under these scenarios, a serious reduction from the 10 billion people the world will have ByT2@5Bottom line is if we

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

There areongoing raging debatesbordering on being futilisticamong developed and developing countries, The
Copenhagen Climate Change Conferéhdeeing the most recentn how toagree on a equitable framework asithre the
burden of this engy transition saga because the perception is clean SEI (Sustainable Energy Iniiatidel®d cost to
business and countries. But what if clean sustainable ebheymes the more economical energy source through break
through innovations and massiveaog? History has shown repetitively that high costs of early implementations are
dramatically reduced through relentless innovation and massive sdat&mkthrough technologies and massive scaling
invariably reach a tipping point for large scale admpt"
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Thinking Outside The Box Historically, every time the price

U What if Clean Sustainable Enerav is Cheaper than Fossil Fuels in Foreseeable Future? Will we stil .fO.S.SII. fuel dr°p5 rer_wewable energ)
U What if Massive Scaling of SEI keeps Fossil prices significantly lower for the next 20 years? Exam| !nltlat|ves 'mmedlately are Ir
C NO Massive SEI: World Oil Consumption goes from 30B to 45 B bag@isagoes up by 4% /yr. Jeopardy.

C Massive SEI: World Oil Consumption goes from 30B to 25 B bargetsi€goes up by 1.5% /yr.

Energy Savings from oil alone next 20 years: 42 Trillldre verall Fossil Fuel Price tag will be larger.

Points to Ponder:

Imagine what the world can do with $42Trillion+ for Healthcare, Education, & othezcareasyofvhile However, if we take a long terr
transitioning talean sustalnabienergy &:Ieanlng up the enwronment for duture generations to thrive. view and work on:
; | | NOSEl: ! :
s Infrastructure 5 3 Weighted Fossil Fuels |

Cost

Higher prices, wilder swiinds 1.Massive scaling with a clear foct
3 ; ‘ ‘ to bring down the prices of SEI ¢
R&D for or belowv power parity.

Breakthrough

echnologies |

Incentives &iLong Term |
{2 Year Polity needed

2.Adopt long term policies amon
major energy consumin
countries  to  entice SE
investments until it meets powe

parity.

== asswe SEI

: 3 L 0 Then fossil fuel demand can be
990 2000 ' 2010 2020 2030 without supply shortfalls This
mvsm Proprietary There are many other SEl initiatives. Solar & Wind is used to make Figure 5 should _ not onIy brlng_ _dOWI’_] pI‘ICl
escalation but atsstabilizeexisting
wild price fluctuations. See Figure

5&6.

aosmonmeesanmmonsis /. FUNAING: Thinking Outside the Box

Status Quo vs Massive Transition to SEI

The public & private sectors can ¢
down and figure out howto
leverage the 42 trillion $ the worl
GLOBAL OIL PRICE TAG SCENARIO in Billion $ per year WIII nOt Spendon OII to pay for the
Status Quo vs Massive Transition to SEI upfront cost required tQumpstart
massive scaling fo SEl. CDM
(Clean Development Mechanisn
Carbon TaxesCap & Trade may be
some of the key mechanismthat
needto be adoptedo achieve the
desired upfront investments.

GLOBAL OIL DEMAND SCENARIO in Billion Barrels per year
Status Quo vs Massive Transition to SEI

This scenario can only happen
key stakeholders adopt ¢
aggressive price performandarget
and launch massive SEI scaling
Mechanisms must be adopted
track clean sustainable enengyces

A R O 2 ) to consistently hit the interin
vsm Proprietary Figure 6 projected  price  performanc
targets?

The next fundamental question we need to ask ourselvekvig transiton 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 & effegtiys to use energy to bring
down the cost, we are asking energy companies to produce and sell lessagnkeemergy related products & services,
which is counterintuitiveo the current private investor owned economidel. There are two key lessons steuld have
learned from the information technology & telecommunications based business model: 1) coeverfgelisparate
industries exemplified byhe landline based telecommunicati@mnpaniesot only faced competition from cell phones

that needed tatively minimal infrastructure, but also from the internet, calld satellite TV based ogpanies & now

social networking 2) With the advent of emerging technologies, the cost for communications on per minute basis
dramatically reduced and yet the tatapenses for communicatioimereased significantly for organizations as welfa@s
families Similarly, convergence of clean SEI (Sustainable Energy Initiatives) will open flwranew opportunities to use
energy in ways we have not even begun to imag
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If the major economies of the world can successfully transition to clean sustainable energy, then it is possible tostee a rob
long term growth for at least the first half of this century. Countries that tekeddership role in breakthrough transition
for SEI will be the future global leaders of this century.

According to t hTee WoHdtira2010 r ondyipabtistied bynThefEconomjst C ts IGDRaird real dollar
valuationwi | | ¢ r ©GDFIn 2080p Fromalthe reports we see that Chisaalreadyback on trackgrowing at 8%+

per annum. We have assuntédt in an unconstrainedccess to resourcesenarid’, China will maintain 8% avg. growth
rate per annum from 2022020, 7%per annum fron2021-2030, 5% per annurinom 2031-2040 andhen slow down to
3% per annunfrom 2041-2050. Like most malysts ae projecting China will cross GDP of USA around 2030 and may see
their GDP north of fifty trillicn $ by 2050. Even at that poirthaer GDP per @apita will be $38,500still significantly below
projectedUSA GDP per apita of $84,800 Among the many constraints Chindl face while continuingo grow at this

rate, transition to clean Sustainable Energy is going to top theiMibtle Chim has become the worl doé

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 manufadarrixpats but also for installing multi
Gigawatt wind farmsand solar farm their own countryLast year Chinglanted more than two billion trees and they are
ramping up their bioenergy initiativesThe reason for this urgency is rattall altruistic, it s for their own survival and
sustainedyrowth”

As the worl dés | ar ge st setlodchaflengesfanythingjtransitiorato dlean¢ ecanomical & self w n
reliant energy is one dhe gigantic challenggit needs to resolvalVhile Indiahas 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. Availaleiibnomicdly distributedenergy can
spawnmanufacturing based job opportunities and help increase productivity and overall quality of life for its Fxmses.

if India grows at a more aggressive rate than Chsahown in Figure ih the next 40 yearsndia will have a significant
adwantage inGDP per epitaand will still bethree to four times lower than China. Availability of clean and reliable energy
along with a trained workforce can open the doors for significant manufachasegl opportunitiekor exports as well as
internal consumptioffor India needed for bbong termsustainable growtlOn the other hand, if we stick to the BAU model
and fail to massively scale SEI we will see stunted growth as represented by dottedhiihtee scary part ithis may be
representing the best case scenario for the BAU nfdel.
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India Energy Scenarios: Rational Planning Vs. Disruptive SEI (Sustainable Energy Initiatives)

80.00

INDIA CONTINUES TO RELY ON FOSSIL FUEL FOR ENERGY, India Energy: Varianaces for 2030
& INDIA MIMICS CHINA'S ENERGY GROWTH Peta B kwh
7000+ |NDIA CANNOT GROW THIS SCENARIO, WITHOUT POISONING ITS OWN PEOPLE biu | Joul
GROWTH WILL LIKELY FOLLOW CLOSER TO EIA Projection Qbtu |Joules |eq.
s TERI High Gro|] 133] 140,066 39
50,00 TERI BAU 84| 88,737 25
TERI Efficiency] 61| 64,453 18
OTHER IE’Ier]ccﬂo/n |
2000 T IEA High Growfh 60| 63,032 18
P [EARef. Case | 52| 54,296 15
IEA Alt.Scenarip 43| 45,22 13
10.00 GAS
QBt EIA Ref. Case 32| 33,728 9
vsm broprietary Figure 8 iInVWWEST SEI 64| 67,943 19

Table 1

In all the energy projection wdels invWEST has regived, while there are significant variations in the total ene
consumption projections (TERI High Growth Case and the Energy Efficiency Case has a 218% variance & EIA pri
seems to beut of whackwith everyone else)the fossil fuel resources ctinue to dominate Even under the mos
aggressive alternative policy scena considered by IEA and TERbssil fuels continue to provide more than 80% of
energy needs and energy imports escalate significamtigia cannot sustain &aditional fosil energybased economic
growthand will run into serious energy security and environmental impact isSees-igure 8 andable 1.

In the SEI: DisruptiveEnergy Transition Scenarghownin Fig 9below, the Central, State, Public Institutions work elgs
with Private entities to find breakthrough technologies, policies and funding mechanisms to massively scale a pc
sustainable energy initiatives. Premier institutions like 1ITs need to focus not only on fundamental R&D fndus sm
applied research that incorporates DFSM gige for Scaling Manufacturingt an early stage and work seamlessly witt
many world class institutions and organizations to deliver a finished product that can compete globally in quality an

“* ' SEJ: DISRUPTIVE TRANSITION SCENARIO st Wh'lle an ; nk-]depth Icﬂscgssmn 4 ah”‘
Mtoe@ Bt | INDIA MIMICS CHINA'S ENERGY GROWTH WHILE TRANSITIONING TO SE 845 Qb analysis of the nuel is beyond the
1768 7000 _(Cell Phone Revolution on steroids..) b scope for this paper, it is important
note that the next 10 years are critic

India may have several factors favoring them: < to set up world class R&D centens

e Bl I e e india_that will lay the groundfor
3‘Likecellphone;._levgrageonwhatolhershaveleamt.n'gh ﬁmefor!hespn’nt.,’ |IEA Reference Case massive Scahng 18] the fO“OW”’]g_O
1253 il — R LT S e ) e with Biomass~ ™" yearsand beyond To truly understanc
6. India can blow away EIA projection 7 P - . Al the Strengths and Weaknesses of

) R w/o Biomass -~~~ e
1010 %000 7 China10n)_| -~ e specific SEIl, the team needs to u
L = structured tools like SBMAT discussed
B 7 S
el -  Been laterinthis paper.
--------- 57 __—.-—-"——‘ . .
[ e If India can executéhe groundwork in
o5 2000 iR the next6-10 years, it will provide &
framework and ifrastructure for SEI
I | e breakthrough scaling. It is at that poi
I ndia can mi mi ¢

I covh vithout s baggageo! being
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 eXCeSSIVer dependent On fOSSII fu‘

N ) for its energy source. Global
VSN'Proprietary Fiaure 9 benchmarking, especially with Chir

can provide invalable lessons as Indi
shapes its own destiny for clean S
breakthrough deployment.

India andUSA will have amutualinterest to work together to provide balance of economic power in the not so distant
future. Coloradpwhere invVEST is headquarterazan be one of the leading states to work closely with India especially in
the formative years as NRE& headquartered in Colorado, thdéts key Public UniversitiesColorado University,

Boulder, Colorado State University, Fort Collins and Coloractwsl Of Mines, Golden have significanetsearch work
going on with NRE and the industryColorado StatePUC, GEGQ™ has adopted an aggresspaicy towardsNew
(E:nlergydl rlg)t(iatives that haenticed several organizations large and small to set up R&D and operatibessdn

olorado:
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: i 18,924 Bkwh
INDIASEI Scalindarget Scenario 68,056 PJ o 64.4Qbtu

Note : 1 KWH is 3.6 M Joules

R
India
6,828Bkwh 62% Energy
24,559 PJ or 23Btu _ Consumption
& Fossil
Based 64%0f USA
______ Energy _
Source 40%of China
India
Energy
Consumption 95.9% of Clean coal
23%o0f USA Commercial 5,543
energy
B KWH \ 4
Equivalent 2007 2031

Energy Efficiency

N -1,200 tel,800 i
VSNI Proprietary Figure 10

While the commercial energy for India is fairly well defined and up te daleast until 20008, the llomass energy data is

not so well defined and most available datdnts are inferences from assessments made arourygdah2000.Both IEA
(158Mtoe) and Planning Commissidr(150Mtoe) provide noncommercial energy at around 6,300 PetaJoules which is
mainly used for cooking antbttage industriegprimarily in rural areas ofnidia. The question that is not resolved as yet by
invWEST is if this biomass energy3% of whichis wood and woodhips can be considered as clean low carbon footprint
Sustainable Energysince it is unclear whethéhe wood that is being uses beingreplenished Without the bmass,
which is considred mn-commercial energy, 9998 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 thedfiysta®s to

enable commercially viable SEI portfolios, then b2@end of 18 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, wherenach as 38% of energy is provided by SEI program,

India will still have an increaseadsil fuel consumption simply becauseergy needs projected to grovby 2.76 times in

this period. As more rural based populatisse more efficient cding stove&" and as many of them move to more
efficient and/orconvenient alternative fuel sources, energy need for biomass based cooking reduces in thaltfadition

The excess biomass can then be used for mfficdent energy usage such as to generate steanelaottic as well as
biofuelsin an integrated energy environmemtdia 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 progms™ shown in Fig 10is incremental over andbove what the BAUnodel is assuming for
energy savings through efficiency & conservation programs. In this scenario, India will be consumiofes®ygy USA
used in 2007 and wilheconsuming abou5%- 40% of wha China is projected to consume around 2030.

In the invWEST SEl initiative, India generates more energy than all IEA cases to maintain a pegecteaicgrowth (but
significantly less than the TERI growthase as shown in Table &and yet will consumesignificantly less fossil based
energy and have a lower carbon emission rate.
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