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Erecut&%? Summary 

The Louis Berger Group (LBG) is implementing the Greenheuse Gas Pollution 
Prevention Project - Climate Change Supplement (GEP-CCS) on behalf of the U.S. 
Agency for International Development (USAD). LBG implements key goals of the 
project through a variety of outreach activities aimed to improve dialogue and stimulate 
action among key stakeholders in India who can affect change that reduces the total 
volume andlor rate of growth of greenhouse gas (GHG) emissions in India. One of these 
outreach vehicles is a series of roundtables among specific stakeholder groups. LBG, 
through the Confederation of M a n  industry (CII) held a Utility Roundtable on May 9, 
2001, with the title, "Clean Power: A Roundtable on Strategy for the Power Sector" for 
the purpose of building awareness and defining courses of action within the sector for 
addressing GHG mitigation in that sector through adoption of clean energy technologies. 

The Roundtable was attended by diverse interests in the utility sector and by other key 
interests that can facilitate clean technology investments and choices within the sector. 
Discussions focused on a number of clean technology applications and GHG linkages 
including clean power generation, transmission and distribution and financing. Clean 
technology options within these components were discussed and debated. 

The participants discussed that future choice of technology for power generation would 
crucially depend on current and future trends of environmental regulations, availability of 
lowcost he1 on a long-term basis, plant efficiency and costs of technologies. Various 
short-term technology options for power generation in India include super critical 
technologies, circulating fluidized bed combushon, pit-head power generation, power 
generation from smalb hydro, gas, renewables, nuclear and co-generation. In the long- 
term it is believed that integrated gasification combined cycle could be the dominant 
technology for power generation. Other long-term options would be ultra supenxitical 
boilers, nnderground coal gasification and electricity from coal bed methane. There 
should also be sufficient RBrD efforts for the development of technologies like integrated 
gasification humid air turbines, ~ntegrated gasification molten carbonate fuel cell, 
development of hot gas cleanup system, high temperature air pre-heaters, new mataid 
for ultra-supercritical boilers, etc. 

On the transmission and dislriiution (T&D) fiont, it is believed that establishment of 
national grid, higher distribution voltage line (1 1 KV and above), distribution circuit 
phase balancing and installation of energy efficient distribution transformers like 
amorphous core transformers would reduce the various technical and non-technical losses 
in the system. Higher emphms should be given on demand side management to reduce 
the wastage of electricity by introducing the policies for promoting sustainable markets 
for energy efficiency, removing subsidies in agriculture and domestic sector,energy 
efficient appliances, labeling and benchmarking of appliances, 100 per cent metering for 
all ~onsumefi combined with ut~lity and information management system and electronic 
metering system for time of day metering. 
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Background 

India is one of the largest and fmtest growing energy consumers among the developing 
countries in the world. As such, USAID launched GEP-CCS to address two primary 
focus areas, 'Climate Change Initiatives for Sustainable Development" and "Linking 
Urban Development and Climate Change." LBG implements the GEP-CCS project for 
USAID. 

The GEP-CCS project engages the utilitylpower sector on the issue of clean energy 
technology and GHG mitigation opportunities for a number of reasons. F i t  and 
foremost is the fact that approximately 71% of the power generated in India comes from 
thermal power sources that utilize fossil fuel, primarily low grade coal. Hence, there is 
tremendous opportunity in this sector to utilize clean energy technology as a means for 
reducing GHG emissions from exlsting power generation and T&D sources. This 
potential rises significantly when India has acknowledged its need to double its electricity 
generation capacity over the next few years in order to meet growing demand and that 
coal is recognized as the primary source of fuel for power generation for this purpose. It 
also is acknowledged that T&D losses ranging to about 20% are highly problematic and 
that T&D technologies hold great promise for reducing energy supply demands and 
indirectly, GHG emissions generation. Background information on the utility sector in 
India and on the various clean energy technology options that have been discussed for use 
in the sector, please refer to Appenhx 2, Background paper. 

The GEP-CCS project includes a number of components designed to address climate 
change in India. "Communication and Information Outreach" is one of these 
components. Activities within this component are intended to improve understanding 
and dialogue among key stakeholders in India that have the ability to contribute to India's 
progress towards a less intense GHG emissions generation path. "Senior Policy Level 
Roundtables" are one tool used by LBG to create a forum for dialogue and exchange of 
ideas on clean energy technologies and GHG emissions reduction opportunities. 
Roundtables are also planned for the industrial sector, municipalities, renewables sector 
(renewable energy options) and for a combiied multi-sector event. 

The purpose of the Roundtables is to stimulate discussion among key stakeholders in the 
noted sectors and di-inate information on approaches to using clean energy 
technologies as a means to mitigate GHG emissions generation. The Roundtables are 
designed to include presentations on key issues in the sector and through these and the 
discussions they create, result in: 

o Enhanced understandiig of the role of the sector in climate change; 
o New or broader perspectives on the role of clean energy technology in reducing air 

and GHG emissions; 
o Recommendations &om participants on policy or i n t p l e m d o n  guidelines or 

actions for promoting the use of clean energy technology in the sector, and 
Collaboration between GEP-CCS, project developers, the Government of India 
(GOI), financial institutions and other interests to promote clean energy technologies. 
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Organizational Preparation 

As a partner to LBG in implementing GEP-CCS, CII hosted the first of the Roundtables 
conducted under GEP-CCS for the utilitylpower sector. C1I is the representative body of 
Indian industry. CII is dctively involved in promotion of clean and environmentally 
benign technologies and has constituted committees on energy and climate change, which 
are represented by several key industries. CII also houses a Climate Change Center 
assisted by USAID under an earlier program. CII helped facilitate the Roundtable by 
identifying various experts its utility sector constituents for participation, preparing a 
background paper and managing the organizational administration. 

The event, entitled, " Clean Power - A Roundtable on Strategy for the Power Sector" was 
held on May 9,2001 at the Habitat Center in New Delhi. CII was asked to host the event 
because its existing access to and dialogue with various private and public sector 
stakeholders and because of CII's expertise in examining energy related issues among its 
many utility and industrial sector stakeholder constituents. With LBG's assistance, CII 
invited over 80 organizations to attend the Roundtable. These organizations represented 
a diverse range of private Interests within the sector, government related institutions 
including State Electricity Boards (SEBs) and ministry representatives of the GO1 such as 
the Ministry of Power; fmancial mstitutions, private project developers; equipment 
suppliers; non-governmental organizations (NGOs); international utility experts, etc. 
The individuals and organizations that attended the Roundtable are listed in Appendix 3, 
Roundtable Participants. A number of these included sector "Champions" previously 
identified by GEP-CCS, including NTPC, BSES, and ICICI. 

LBGIGEP invited two experts in the electric utility sector. Mr. Kenneth R.Gudger, a 
renowned expert having long experience with a large U.S. electric power utility was one 
of the speakers. Ken is currently the CEO of Global Energy Partners, a joint venture of 
the Electric Power Research Inst~tute, Palo Alto and Gas Research Institute Chicago. Ken 
brought experiences from his vast knowledge of power generation, distribution and clean 
technologies that he has closely worked with. The other expert was Mr. Nitin Pandit, 
President of IIEC, a not for profit organization of the Civil Engineering Research 
Foundation. IIEC has had a presence in India for the last 4 years, wherein they have 
studied the impact of improvement of distribution transformer technologies. 

CII invited Mr. A. K. Basu, Secretary, Ministry of Power (MOP) Government of India to 
inaugurate the conference. MOP is taking several initiatives in improving the 
environmental performance of the power sector at the same time balancing the increasing 
power needs of the country. CII also invited other prominent speakers from NTPC, 
UNDP-GEF and ICICI. A list of the facultylpresenter CVs is located in Appendix 5. 
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Roundtable Agenda, Topics and Deliberatiom 

Mr. B.C. Misra, Advisor and consultant to the UNDP-GEF p-ted on "Coal Bed 
Methane -Prospects for India & Utility for the Power Sector." 

Again, the ensuing discussion was active, focusing on the important technical merits, and 
the financial, structural, and p o w  opportunities and obstacles in implementing clean 
wal technologies. Mr. Gudger was asked to elaborate on experiences in the U.S. relative 
to particular technology applications that he presented. The U.S. experience appeared to 
be of ihtterest to a number of participants and served as a pseudo benchmark in some 
technologies for pointing out possibilities for technology uptake and applications in India. 

Transmission and Distribution Svstems For Clean Energy: The third session 
'Transmission and Distribution Systems for Clean Energy" was perhaps the most lively 
of the day. Participants and presenters recognized the great potential for closing the gap 
between electricity supply and demand by reducing T&D loses through a variety of 
technology and improved system management techniques. Spealung on 'Transmission 
and Distribution Technologies for Efficiencies and Emission Reduction:' Mr. Gudger 
described an army of technology and systems management issues that have successfully 
been applied in the U.S. and which appear to have direct application in India Mr. Nitin 
Pandit, Executive Director of IIEC in the U.S. spoke on "Distribution Systems for 
Energy Efficiency." He noted additional technological approaches and systems 
management approaches for improving efficiency in the T&D area. Mr. Sanjaya 
Singhal's talk on 'Efficiency Improvement & Metering Systems" drew great interest 
from the participants. The advantages and disadvantages of metering and metering 
technologies were debated and the practical constraints in utilizing metering systems 
were thoroughly discussed 

Financinrr and Investment in Clean Enerm Technolow: To bring some pempective to 
the potential for securing financing for clean energy technologies, Mr. Amitabh 
Bhargava, Chief Manager at ICICI Ltd., spoke on "Risk Analysis and Management of 
Clean Technology for the Power Sector." Mr. Bhargava thoroughly explained the 
process for investment decision making in clean technologies and pointed out areas of 
uncertainty, such as technology unfamiliarity or lack of proven record of performance, 
that w n h n t  financial institutions and add to their perception of risk with such 
technologies. He also pointed out the fact that as an institution, ICICI has shown interest 
in clean energy technology investing. He did acknowledge the GEP-CCS effort to train 
FIs in clean technology and GHG mitigation project finance and structuring. 

Valedictow Session: FAch of the session participants, Mr. Ragwman, Mr. Sissem, Mr. 
Bargava, Mr. Pandit and Mr. Gudger, gave brief synopses of key points ra id  during the 
day, especially in regard to ideas and recommendations made during the day. Mr. 
Raguraman solicited input from the participants and an involved discussion ensured. 
Participants provided ideas and recommendations for implementing or creating an 
enabling environment for utilizing clean energy technologies that were discussed during 
the day. Out of this discussion and from summaries of key participant comments made 
during the day, a list of technology recommendations for promoting clean energy 
technologies was developed. The results are reported in the following section. 
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Roundtable Outcomes - Recommendations 

Clean Power h-odi~ction: short-term approaches prioritize clean energy 
production using untapped natural resources; 

Because of their immediate application potential and potentially lower wst, priority 
should be given to creating an enabling environment for implementing the shorter-term 
options. Longer-term approaches are also critical to improving functional and 
environmental performance in the power sector. Actions for creating an enabling 
environment to promote these options should and must run concurrent to those that 
support shorter-tm technology approaches. 

Short-Term Technolow Choice 

Use of beneficiated coal to pit head plants could be promoted. 

Circnlating Fluidized Bed Combnstion (CFBC) should be adopted for 
renovation to generate power and for modernization projects with plant size up to 
125 MW. It can also be used to generate power from coal washing and refinery 
residues. 

Distributed generation which includes cogeneration, power from renewables, 
micro-Wmes etc., should be promoted as a significant s o m w f  supplementing 
power generation and supply. 

More emphasis should be given to exploit the huge u n w e d  potential of hydro 
for clean power generation. 

Facilitation of power generation h m  gas is a preferred cleaner technology 
option. 

Super critical technologies should be a dominant option in the short-run. The 
optimal plant size should be 500 MW and above for green field plants. 

Long-Term Technoloev Choice 

Ultra supercritical boilers: The technology is under various stages of 
development and is expected to commercially available within 10-12 years. It 
offers the sector distinct opportunities though lack of availability in the short 
term is an issue. Nevertheless, palicy and awareness building should be built to 
better inform the sector of the technology and its advantaga. 

Integrated Gasific.tioa Cotnbimed Cyde (IGCC) 

o IGCC is not yet commercially matured dthough it is believed that it would 
be the dominent technology for future pow- generation because it is 
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Roundtable Outcomes - Recommendations 

Integrated resource planning should be supported with greater Inter Grid 
Connectivity 

Distribution voltage should be increased from 440V to1 lKV to reduce technical and 
non-technical distribution losses. 

Distribution C i u i t  Phases should be better balanced through efficient balancing and 
grid management systems such as SCADA etc. 

Energy efficient distribution transformers like amorphous core transformers have 
maximum potential for energy savings and are easy to retrofit. Such equipment's 
while procurement sho~tld be seen for least cost over 10 year of operation. 

Emphasis should be gven to Demand Side Management to reduce the wastage of 
electricity and smoothening the load curve through: 

o Policies for promoting sustainable markets for energy efficiency. 

o Removing subsidies in agriculture and domestic sector. 

o Energy efficient lighting, HVAC, refrigeration, motors, agriculture pumps 
and process improvements in the end-use sectors. 

o Labeling and benchmarking of appliances. 

o 100 per cent metering for all consumers combined with utility and 
information management system for promoting energy conservation and 
reduction of theft. 

o Electronic metering system for time of day metering 

Metering can support conservation if proper action is taken instantaneously and 
meter information in monitory equivalent terms placed in the vicinity of the 
wnsumer. 

Financing 
Awareness and expertise amongst FI's in assessing cl- meqyfGHG mitigation 
pmjects needs to be substantially improved. There is a need to: 

Provide training to Fls on assessment and risk handling for clean energy projects 
Dernon&ate to FIs the various success stoties of cleaner energy project 
financing to improve confidence level amongst FIs 
Facilitate greater involvement and participation of inteanational funding for 
financmg/co-financing cleaner energy projects in India. India Deeds to leverage funds 
6um these sources as a means to develop demonstration models of clean technology 
Investment processes and benefits to FIs. 
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v. NEXT mrs To Plnmara CLEAN E N E R G Y -  
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becomes one of maintaining or building on this momentum. 

TheRcaRllmendstioltrfromthcRoendtrMepwideapkoppomdktorCdbv-lp 
activities to pmote clean tccbnolopy among various stdtcboldas GEPCCS b.r 
sevgal pmgmmWk plans a d  tools fw doing the same GEPCCS aa tcu tk 
Reeommcndatio~asaguidelimfortrgctiagits.aivitigmammner ' .  twim 
the ideas aod v i m  of siakeholders in tbe sector, thereby ~~g ad 
exchange among them. The following is a btkf listing of popogd follow-up dam to 
be p m e d  by GEP-CCS f a  this purpose: 

PoticvLeveID*lonue: IisclarthrtGEPCCSeroptryamkinpomotisepdicyI 
kcv GO1 Mini* There is mom to wok as an ldvocrtc of c h  amw 

~ ~ b y a r h i c h & G O ~ c a o h p n s l a t c p o l i e y b e ~ k t b & ~ t o b e ~  
This is an aciiviiy that GEP-CCS has a h d y  imdcrt.lcn, but wbirb needs to k 
continued and W m e d  wbae pnsiile. 

'onbicck: P d c i p s m m t c d t h r t t h e r c n ~  Cian Tcchnolonv 
models of sauxssN clean iccimology opastioos m I d a  As a are of GEF'CCS's 
a c i i v i t i e q d e v e ~ o f d w o p m j e c t s i s a ~ t y .  GEPCCSshopldwakwimCIl 
andotbapote0tialprojcadevclaprstobringfhr;mcllcbanew~cBitank 
h w n  to be a benefit to the utility sector m qlcmcating supply a mkiug &sa. 
GEPCCSarillnCedtoca~lImicatesuccessfalourarnarttronghootthe~ 
S t s L e b O l d ~ ~ a n d  keep tb is~ iysbracrtofnewdcvclapormsatBt  
intermti& nstiollll, and st.tc levels that c d d  sevc as incentives fcr b 
toporrnnsuebrcchllologia. 

Off-Scfs: M s n y a & k d w l d a s i n t b ~ m a y n o t b m a w a t i s g a b m & c l .  
f j r m i l i P i t y a r i t b t b c l P r c c n t m s r l r e t f a ~ a h a a r 1 6 i s m r t d c o P l d d . r a  
~ t i v e f o r p r n s u i n g c ~ a w g y ~ ~  C B P C C S r b m l d ~  
t b e e b a n p i n d a h a c l c a n ~ ~ v i t b t b e ~ o f c r b m  
ampmi su Unt this evolving i~xntiWi!/bb be mmk kwwn w project dcprlopar. A 
p o s s ' b ~ e z t i o n f o r d o i n g s o ~ y b e t o ~ ~ ~ ~ l d a s t o ~ f c r ~  
afaotba~EP-CCS t ~ r p e ( g r o ~ p s & # i b e ~ r o j a d d ~ d d o p r a a ~ ~ ~ s a a h ~  
of and pmeca for positioning pqccts f i K w  c d m  off- ksefits. 

I I I 
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risk issues related to clean energy techwlogies. To date, this has been a barrier for 
project developers and acts as a disincentive for then to pursue clean technology projects. 
GEP-CCS is already working to remove this barrier through its FI trainings. In the next 
round of FI trainings, it will be necessary for GEP-CCS to continue to pinpoint key FI 
stakeholders whose improved awareness will maximize the penetration of information on 
clean technology within the FI community. GEP-CCS plans to conduct a one-day 
training for FI CEO level officials for precisely this purpose. 

Addressiicl Technolorn Issues In Subseuuent GEP-CCS Roundtable Events: The multi- 
sector Roundtable event which GEP-CCS will conduct in the future will provide another 
platform fot facilitating dialogue and creating added momentum behind clean energy 
technology project development in the utility sector. GEP-CCS will take the lasons 
learned from this Utility Roundtable event and incorporate them into a strategy for the 
multi-sector Roundtable (that will also include industrial and municipality stakeholders as 
well as renewable energy mnterests and pmpnents). A key stiategy for maximizing 
impact of the multi-sector roundtable may be to focus on prime opportunities and 
constraints for implementing clean technologies for each of the sectors and to look for 
commonalities among sectors as a means for building consolidated momentum across 
interests. 

CLIN 5: Senior Policy Roundtable 
Task 5.B: Electric Utility Sector Roundtable 14 
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ACRONYMS 

CERF' Civil Enginewing Resesrch Foundation 

CFBC Circulating Fluidised Bed Combustion 

EPA Envimm&d Protection Agency 

EPRl Electric Power Research Institute 

FGD Fuel Gas Desulphuridion 

GEPCCS 

IGCC 

I IGHAT 

IIEE 

kv 

Kwh 

LBG 

LD 

MW 

Greenlmuse Emission Prevention -Climate Change Supplement 

Integrated Gastiction Combined Cycle 

Me@d Htrmid Air Turbine 

International Institute of  Energy Efficiency 

Kilovolt I ,  

Kilowatt Hour 

~ s J - w G r o u p  

W d i t y D n n a g e  

M e g a d  

NGCC Nahnal Gas Combined Qcle 

1, NW N e  (Ne&ltive w-1 

0 & M  opaation&Maintenance 

PC PuhrerizcdCoet 

PFBC Pmmized Ffaidized Bed Combustion 

PPA Power Plirehase Ageement 

T&D TrPnsmission & Distriution 

USAID United State Agency for International Development 
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1 .  
I domiAae~ its shn in firtrrre. But bwning of cbsl m t t s  host of serious ' 9  - .- - .- 

j environmental problems requiring emission control and waste disposal. - 
il 

I sedan ?: Clean Power Generation 

c 

2.1 Power denenatid from Clean Coal 

Since hdia amnol five witbout coal, so one of the. solution is to adopt clean 
coal tcchmlogia lor power generation, which would not only reduce poffution, but 

I 
I In India, the poor quality caal poses pqblans in design, operation and - 

= /  mint- of the power plant equipment. The high ush percentage (35 per cent and 
above) of Indian coal demands high level of perf- from electrostatic 

ii 
1 precipitator in orda to keep the pollution of the surroundings by 4 ash at acceptable , + 

! levels. The low calorific value due to high ash content of the coal also creates 
p m b h  m start-up and flame stabilhtion in the boiler and needs continues addition 

t 
1 oftbe seumhy fuel (oil) which is vev expensive. h h i g h  abrasive nafure of the 

i 
I ash due to its high silica and alumina content leads to sevm erosion of the equipment. I 

I 
also have higher &mmdymmic efliciencies. Huge unfqpd potential of bydro and 

I reammbk sources should be exploited to ensure energy security snd to bridge the 

I 
1 future demand-supply gap at a much lower cost of pollution. Emphasis should also be 
/ given to reduce T&D loss and proper Demand Side Management (DSM). I 

, Various clean 4 tcchnom for power generation are outlined in the 
fdkwing sections. , . - . >  . 

( -- - I 
i 2.1.1 Prc Comb~stkw P e W i e n  CNl(rd . --- 

2.1.1.1 Physical cod cleaning 
I 

ThisinvohPsattshiagibecoelandxxeariqgit~dif6mnt-~ 
particles to separate out impuitia that are not chmricalty bound to the coal. 

I Water sprayed over tbe coal particles looscor the anincnl ma-. &a1 is 
Ecperated fium otea impmities &rough specific gnvity difkwms. Physical 
cbning typidy removes 10-30% of the sulfur and 60% of the ash- 
formEsg mine* 

2.1.13 Coal Drying 

Somctbs suM3ihHainous and lignite cwls bavc h e r  heat m t s  
I a n d h i g h m ~ c o n ~ l b e s e d s c a n b e u p ~ b y d r y h r g t b e d .  

This pnnxss is very popllar in China. 
c-2. 

. R ~ a a s t ~ t s r t d ~ ~ ~ r s h d i s p a s a l r a q i t i n m a t b . S O 2  
and @ d a t e  d s s i o r ~ ~ ,  tramptation costs, equipment wear and tear, and 
operation and maintenance cost 



2.1.13 No, -: 

566k 
E ~ o f 4 S p e r e a t k ~ b c i n g w b i e r t d r a d r u b j a t ~ ~  
riewmrtai.ldtvdopoaycflkhcycr,goipto55~ccntinfotmc 

= Less a emission as less k t  is used pa unit of elaxriciy gemad.  



, 
2.1.2.3 Atmospheric FhtMIied bed Combustion 

+ U.&I for ooal with high ssh 
t Bums low grade fuds like I i h t e  
+ ~owm&s4~icms- 
t Higha eficitncy (eround 44 per cent) 

Two fonns are wed 
1) Bubbling FIuMIted Bed Combustion (BFBC) 
2) Circulating fluidized Bed Combustion (CFBC) 

10 to 100 MW equivalent for industrial boilers. 75 to 350 MW for 
electric utility applications. 

AFBC (200 MW): S1300-2.000fkW 
AFBC (repoweling): $500-$1 ,oOo/kW 

- 
2.1.2.4.Integrated GasHIcafbn Combined Cycle (IGCC) with Cold Gas 

i Cleanup. 

r 
This includes Iow- removal of oxides of sulphur and particulates 

r liom the d syngas, sulphllr bypsmhret recovery and syngas moisturization to reduce 
NO, formation in the gas twbine. 

The main advmtsgcs claimed for IGCC plants as compsred to the 
conventional steam ptants ate as fdlows: 

o Hi* ovuall thermal efficiency . . 
o Mmunum airpollution 
o Reduced N 4  and SO, emission. 
o P o s s i  indcpcndent opaation of the gas without operation 

of sttam tllrbii. 
0 Quidi-~p 
a Les coolkg v&sx q u k m n t  per unit of electrical output. 
o Less expensive ~ ~ ~ v c r y  of C02 than conventional system 
o Lown capital and opemting cost, resulting in lower net electricity 

cos$toconsrrmgs. 
0 GreatafkxMitydarpansMnduetomodutardwign. 
o Flexibility of acapting different types of feed-stocks including 

* lignites to peboterrm coke 
o OM 99 pa cent of the s u l h  present in the cctal can be removed 

for sale as a chcmially pure sulfur. 



PFBC (-) S 1 9 0 0 J 3 ~ W  
PWC (#mmachl) S1.000-s l,somW (errpccwd) 

2.126 Integrated GasHicakn Combined cyd. wW, Hat Gas 
Cleanup. 

T h i s s y s t a n e l i i i n r t a t b e ~ ~ o r ~ p i m p i a +  
icmoval and dentlpburintion This inpnmS tbepl8mcfliciaryadrrbm 
the need for h a t  & c h m  and pm& coadenatc- 

*-FL.~.IcI - - 
~ i > .  , - . . .~ . . - .: . . . . I  :< . ..... . .~. -. , ~: . - . ,- z.xfa, ,.T. ~. 

s~~cfficimcy(danomh.timptarr)- 
45% efficiency (fh genartioo commaekl plar) 
SOX emcicney (scc-d ptrm) . cart . . . -._ 
S l 2 0 o - 3 . a o o n W t w d a m m m d a ~  
S l ~ S 1 . 9 O w k W  for fintgavntimptrntr . 
L e s s i h n S 1 . 0 0 ( Y i r W ( p r o j e c s e d ) f o r d ~ p h n o  

21.2.1 lntegratsd Gadication Humid Air Tu&b (GHAT) 



2.1.2.9 Hybrld Comblned Cycles 

Use coal in a two-stage p e s s .  The first stage gasifies the majority of 
'coal and runs a gas turbine, the second stage combusts the residual 
char to produce steam. 
Expected emciency more than 50%. 

2.1.2.10 Co-flring Coal with Biomass or  Wastes 

> Burning or gasifying biomass or wastes together with coal. 
P Reduction of CO2. NO, & SO, emissions relative to coal-only fired 

plants. 
P Recovety of useful energy h m  b i  and wastes at high 

efficiencies wilhout the need for building dedicated plant. 
P It can support renewable energy and waste industries. 

2.1.2.11 Other &&k&Q&s which are under the stage of development include 

Casade Huttlibifid-air Turbines (CHAT) 
Direct Injection of Steam into the Gas Turbine (STIC) 
Heat Recevery using Endothermal Reforming plus Steam 
Injection (CHRISTIG) 
Heat Recovery using an Ammonia-water Working Fluid 
(Kalina Cycle) 
Direct Coal fired ~embiued Cycle @CCC) 

. . . . . . . , 
. . .  

.2.1.3 P o d  Combustion Pollution Cantrol:"' . ' 

~~ . .- 2----_-;- ; ;i 

Scrubbers are commonly uscd to remove up to 90% of SO2 in stack gases. 
Advanced scrubbers use finely ground lime or limestone slurries to convert more 
than 95% of the SO2 in flue gases to gypsum and other byproducts. 

NOx emission can be reduced by converting it to nitrogen and water vapor by 
combining the (flue gas) waste seeam with ammonia, urea or other compounds. The 
most effective cunrntly available t&logy is Sclcctive Catslytic Reduction 
(SCR). SCR injects ammonia in the presence of a catalyst; this reduces NOx by 80- 
Wh. 

SelecIive Non-Cat8Iytic Redtlrtien (SNCR), uscd fm smaller boilers, injects a 
reagent into the flue gas at temperatures of 900-1 1W C without using a catalyst. Thls 
achieves 30-51% NOx reductions. at a cast of from $10-2WW. 

mli 
SCE-  f 100-2WkW. (retrofit capital cost) 

- SNER: 10-201kW. 
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thermal mix stands at 25:75 m against the ideal mix of 4050. 



The present installed hydro capacity is 22,438 MW, which aMIstiWtes onfy IS 
per cent of hydro potential. 7 per cmt of the hydro potential is under the various 
stsgff: of development. Thus m i n i n g  78 per cent of the potential remains untapped 
so far. , 

About 46 per cent of total energy consumption in India is estimated to be mct 
from various biomass sources like firewood, agricultural residue, animal dung etc 
' fk re  are three routes through which biomass can be converted into electricity: 

I .  Biomass Combustion: It produces heat to generate steam. which drives a 
conventional steam turbine. The biomass combustion is considered to be 
environmentally neutral as far as C@ emission is concerned. Biomass 
combustion also produces lesser amount of NO, and SO, compared to the coal 
combustion. 

2. Biomass Casificatbn: The process involves the combustion of biomass in a 
controlled oxygen environnlent in order to produce a gas, which is a mixture of 
CO. C&, C b  and HZ The gaseous output can then be burnt-directly in a gas 
turbine to produce electricity. 

3. Co-firing of Biomass and Coal: This has already discussed in section 2.1.2.40 

MNES and IREDA (Indian Renewable Energy Development Agency) have 
been providing various fiscal and financial incentives in e m s  of subsldtes, exemptton 
of taxes etc to promote renewable energy. 

India is planing to add about 12,000 MW power generating capacity from 
renewables by the end of 11% Plan, almost half of it will come h m  wind.3500 from 
biomassmaSSand 2000 MW h m  small hydro. For creation of alttactive environment for 

2 iL 
evacuation and purchase. wheeling and banking of electrical energy generated from 
renewable energy sources, the Ministry has issued a set of guidelines to all the States. 
It has suggested that States should announce general policies for purchase, wheeltng 
and banking of electrical energy generated frwn all renewable energy sources. 
Fourteen States have so far announced such policies in respect of various renewable 
energy sources. 

Renewables can play a major mle in rural electrification. In India, 80,000 
villages which are not electrifted as of now. 18.000 of such villages are going to be 
electrified by using renewable mm since they are not economically viable to 
connect through conventional grid system. 

Gas b a d  power plants are rapidly gaining market share worldwide. The 
advantages of gas turbine include 

, 
9 higher -c efficiency and lower level of pollution relative to coal 

based power plants 
b lower capital cost and sbolt -on period 
9 quick start-up and modular design. 



--- 
2 . ~ Q d e c y S r t l r v b a s ~ p i s m y h r l b u s d t o p r o b c c h i g l +  

tanpasaac t h d  aqy.  Tbe seam, wbicb R S U ~  fmn thk k used to 
' p F o d r r c ~ ~ l b m u g b . ~ ~ r e e o v a y ~ k a d a r b i n c  
w- 

Tbiseyckisk-Ib.rkeaWtoklaefblwitbsr9l-a 
cbanialplrabwbaetbcniseamidenMebatofRIctioaTbceffidcacyof 
boltaning cycles is typially !ow* 

F a l a r l * , b i o m g t c o g m a r t i o c l b o l d r ~ p m r b e a a d , e ~ o - ~ ~  
of power. esp&*lly fa deccatnl i i  . p p t i i  A tlst h by 
Ministry of Non-Conventiaul Enagy Sourees(MNES), hs pojmed 8 smplus powa 



genedim potentid of aro~ttd 3.500 MW if all the 430 sugar mills in the country 
switched over to cosnerdtiwt. The potential from bagasse is about 1.000 M W  each in 
Mahsnshha md UttarRadesh, 350 M W  in Tamil Nadu, 300 M W  in Kunataka, 200 
M W  each in ~ihar. Andhra Pradesh and Gujarat and the rest in Punjab and other 
states. 

Section 3: TmnsmbIdrn 8 Distribution of Clean Power 

The all India average T&D tosses are around 22 - 23 % for the last few years. 
AS per CEA recommendation, the TBrD losses should be aimed at 80% and maximum 
could be around 15%. Thee losses in different states are as high as 50% in some 
state to as low as about 16% in other states. 

U n f a m l y ,  the aspect of T&D Loss reduction has not received the 
attention it dcsavcs despite the fact that one of the reasons for mounting financial 
deficits of SEBs is the high T&D losses boosting up the cost of supply. Even the 
figures mentioned above an much lower than actual, as it is well known that the data 
are manipulated to show lower losses. 

Reduction of tbwe losses with improvement of availability. reliability and 
quality would reduce considerable danand for new power plants in the country thus 
benefiting not only in turns of cost but also in reducing the-environmental impact due 
to the avoided plant. 

In fad improvement in quality especially in terms of Number of interruptions 
in a year, Total duration of interruptions. Volfage at consumer end also gds banslated 
to bet& and efficient utilization of power-and also reduction of losses at consumer 
end. -- 

The losses m be categorized into Transmission & distribution losses. The 
transmission losses are amparatinfy much smaller and are in the range of 3 to 4% 
compared to 19-2% losses at distribution end. The distribution end losses can be 
further classified as Technical &commercial losses. 

Redaction of Trrnrgission losses 

W i n  measures, which can reduce the tmtmission losses, are indicated below: 

With the in lo& tlte m i s s i o n  voltages showtd be augmented and 
if possible, multiple voltsgcs elhinetad. For instance in South Korea, the 
transinission voltages of 154 kv, 66 kv and 22 kv have been rationalid to 
345 kv and 154 kv reducing the tosses from I I. 18% to 3.4%. 



. . 
Wi&inamseinbul lrofpamrme900KVt SrsrrnOPrm 
nmrinophd and highavdtrgecg. 800KVcl.ssuuylmvcto~ehosar. 
F o r l o n g d i s r u r a h i g b r d u m e ~  

- .  rchoiabewn800KVACa 
5 0 0 K V D C ~ ' i s m b e m r d c m ~ ~ m d  
a e b a r e i s m k S n d i i n d c a i l .  

F a r ~ f i o n ~ i t . c t i v t & d o r c o e o u a t a v l ~ m ~ M V  
l i i t b a e t c c b m ~ w i l l h m m b e ~ i e a ~ ~ .  SVC 
&ofapcL.ofapci~mdrprkofranmatbaabort,nidwd 
through thyristor valves to bre &siral contrd phiW. - 'Tb i r  mi .Ibw 
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'Ibb will .lso bring stability of system, damping oscill*tiars. 

iii) 

Tksc am used m  adjusl power flow m p.nlkl cimia o~ as to tmxiabr 
~ d a o g r e a r i d a .  Tbisr inobviola lyaautaaunnybyd~ 
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generation potential of around 3,500 MW if all the 430 sugar mills in the country 
switched over to cogeneration. The potential from bagasse is about 1.000 MW each in 
M~lhrrashtra and UttarPndesh. 350 MW in Tamil Nadu, 300 MW in Kamtaka, 200 
M W  each in ~ i h a r ,  Andhra Pradesh and Gujarat and the rest in Punjab and other 
states. 

Section J: Tmnsmfssion 8 DisMbution of Ckan Powtr 

The all India average T&D loss& arc around 22 - 23 % for the k t  fear years. 
As per CEA r e c o d t i o n ,  lbe T&D losses should be aimed at 8% and maximum 
could be around 15%. These losses in different states are as high as 50% in some 
state to as low as about 16% in other states. . 

Unfortunately, the aspect of T&D Loss reduction has not received the 
attation it desmres despite the fact that one of the reasons for mounting financial 
deficits of SEBs is the high T&D losses boosting up the cost of supply. Even the 
figures mmtioned above are much lower than actual. as it is well known that the data 
are manipulated to show lower losses. 

Reduction of thtse losses with improvement of availability. reliability and 
quality -Id reduce eomiskabk demand for new power plants in the country thus 
benefiting not only in tmns of cost but also in reducing the-environmental impact due 
to the avoided plant. 

In fact impwew& ia quality especially in tmns of Number of intemrptions 
in a year, Total hvntion of interruptions. Vdpge at consumer end atso geg translated 
to bctter and efficient utilization of power and also reduction of losses at consumer 
end. - 

The losses can be categorized into Transmission & distribution losses. The 
transmission losses are unnparatiwly much smaller and are in the mg of 3 to 4% 
compared to 19-2Wo losses at distribution end. The distribution end losses can be 
M a  classified as Technical & commercial losses. 

Cmai measures, whick cair dmcc tbe transmission losses, are Wi& below: 

Wab the increase in load, the &ammission voltages should be augmented and 
if possible, multiple voltages eliminated. For instawe in South Korea, the 
transinission voltages of 154 kv. 66 kv and 22 kv have been rationalised to 
345 kv and f 54 kv reducing the losses from 1 1.18% to 3.4%. 



d) V A R ( d v e  power) eompencltion, which is brsially laed lo Eomd 
d v e  pwr flow, will also reSPtt in loss m b t i a  Rapr rsbno- 
&oaornial evaluation is bowever mccssq before venhag idD k b* a 
arpcmivepraposal. 

Withioaeascmbukof~evee400KVf 
. . 

sw="=Y=" 
r a r v i n o p i m t l a n t b i g h a v d t a g c c ~ 8 0 0 K V c b m r y b r v t l o k ~  
For long d e h i g b  vdune t 

. . m,acboiabehccn800KVACa 
500~~~~systa6istobemukmtcebno-axnamicrlcDmidartioard 
eocbascistobcstudiedmdcIail. . 

ii) 

F o r c o i n p a w t i o a a ~ d v c b d a t o ~ i a d u d i a m ~ M V  
l i a a . m c s c : ~ w i U b . v c ~ b c ~ m 8 b i g m y .  SVC 
c o n s i s s o f a p d t o f ~ ~ a d r p d r o C r r r c l a s d ~ o r b o l b r w i t b c d  
d a a r g h t h y r i s I a v l l v e s ~ t b c d e s i r e d c o a t r d ~ . _ ' T b i s r i g r l b r  
~ t o i h e e u d ~ ~ a d w i l l ~ ~ c q r i y .  
This will rlso bring stability ofsy~taa, d m p i q  oscilhtioar 

iii) 

iv) *: 



The concept of flcxible AC transmission envisages control of A.C 
transmission to transmit power as ordered from remote stations to optimise the 
capacity,of a11 the available alternative routes through fast acting solid state 
Thryistor valves us i~g  shunt and series compalsafion, phase shifkrng 
transformers and solid state dynamic reactors and adjusting tap of 
transformers. The technology is being developed for optimum utilisation of 
the transmission mtwork. Minor additional cost of transmission line will 
improve the reliability and availability of power and the system is expected to 
form an essential component of modan load dispatch centre. 

? Some of the grids in the counby are power surplus at times and others are 
powefdef~it. Atso tke hydro thamsl mix in all states differs and this in turn 
leads to opaating thermal plants at lower efficiency levels. The defxiency of 
power at some grids also leads to added capacity to meet the deficit. In such a 
scenario inter grid linkages can play a vital role in reducing additional power 
plants required at the individual grids and also help in operating power plants 
at optimal efficiency. 

Such a grid wwfd rfge quire back-to-back HVDC far stable links, load 
dispatch center, communiclltion links and advanced compensation systems and 
management. It is envisagad that a national grid cotrld lead to avoiding 12000 
MW additional of power by year 2012. 

1.~ 

:..Reduction of Diitributbo losses . . . . . 
! ... ?>c:!:. ?$.:.-~<!..; .:.::, ' . ~. . . . ~ .  . .. < .  . . . . . :. .- 

(: . 
Since m&imurn losses occur in the disbibution system, major attention mcds to be 
paid in this area. 

( 
. . 

.~ .. . . . 

( 
: .. 

! The technical losses in distribution system can be reduced by certain welldefined 
i means and in all the cases, the b f i t  /cost d o  would be attractive. 

! 
In many cases, the dkibution losses m be substantially reduced by increasing 
the size of conducts thus redeciag the loading. The optimum loading for 

t 
ovahead tine oondrrctor is about 25% of thermal capacity. World Bank study 

". shows benefit I asi d o  iangis h t.5 and IS by making invesrment in 
i increasing size of conductor or laying seperate line to reduce loading. 

f >- 
_, , . -. 

Installati6n of capacitors on a dk&h&n system with low powa factor is one of 
the most b a t e f a  weafts of loss duction. The other advantages are : 

- Improved voltage profile. 
- Release capacity to serve other existing loads. 
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6 -.. Following actions will reduce the commercial losses considerably. 

- Providing twin features in the meters to make them pilfer proof. 
s .  
# -' - Pmviding piopaly seakd eleebonic meters for high voltage consumers. 

J 
- Granting connections liberally as not providing such connections forces 

I- 
the public to resort to theft I pilferage. 

- Rotating the meter readm every few months. 

- Fixing reqxdbility of area in charge to a c a w d  f' or energy with 
energy billed. 

B . - ~nnouncing proper incentives for loss reduction. 

This is a system of prepaid meter with built-in miniature circuit 
breaker. The supply shall be 'ON' when a card with magnetic code is irvrerted 
in the meter. The code is fed into the card against payment in cash counter of 
the utility. AAer energy is used equivalent to the amount paid, the meter will 
stop automatically and the card is to be taken fo ~h counter for fresh feeding 
of code against payment. 

. . . This will be a eood arranecment for reducinn the commacia1 losses. It 
I 

may not be a solution Tmmediateiy due ghigt !  price , . S W & ~ ~  of these meters 
b which are to be imported . But with indigam& pduction,fhe cost m y  come 

~ - .  
down and the prop&l may become viable .. , .. . : , 

. . ~ - - -.-. ---. .--- - 
, .' . . . . .  

.. . . 

I 

I i) SF6 and V- T m  s w i t c b  

It is well known that oil circuit breakers both bulk oil and minimum oil 
types need regular maintenance causing down time and are also fire hazards. 
considering the cost of outage and maintenance including carrying spares 
inventory, the expenses over the life cycle may be less in case of SF6 I 
Vaccum switchgear. Ike other advantages are Long eontact life, Freedom 
from fire hazards, Short clearing time in case of fault reducing chances of 
damage to other equipment's. No exhaust oil fumes, Freedom from 
envimmental effect, Higher interruption capacity etc. 

With the kracasc in gcacdon and transformation capacity, the fuflt 
levels are rising which may make existing oil switchgear irrelevant. The 
admitages witb Vaeeunt f SF6 hfmuptor is that in such event, it can replace 
only ihc oil intenuptor and use existing fixed portion ix. housing, cable boxes, 
CT, PT etc thus needing minimum expense. 

ii) -- 



N o r m r l s b e e l i s h v i D g a y s m n i i ~  1BtIahdDgYof 
Amorpboco Jtcel brd bem denkped by USA which is carple*ly a y d  fm 
irmifcmnmtbemdeEufirstytm. Thisismm&tmdbyibcpramof 
sudden adiag ofmdtea s f a l  - 

I b c i m a l a u i n a s c o f ~ a r i t b c a r e m d c o f ~ n e d  
w l r f o c l l d ~ k 3 0 ~ o f i b c ~ o t W ~ m ~ ~ ~ c a c o f C o l d  
Rdkd Grain Orien(ed (CRGO) s i b  steel of GRdc M41. 

AM tnmfGrna h tbaefk widely used io USA. Use of dwsc 
tnmformas ewkl nducc tbe total tmstbm# losa in tbe country. 

iii) 

hy type trrartmner is aaokr modaa t c c b n o ~ -  Tks we 
compktely cast in cpoxy Pod brve tbe following dm~agcx 
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Energy conservation is synonymous with energy generation and conservation 
is cheaper than production. For example, one MW of power generation costs as much 
as 3 to 4 CrOm whereas same power cm be saved with less investment. In India. there 
is a huge sc* for energy cousmation as energy intensity. which is energy 
consumption per unit of GDP, is one of the. highest in comparison to other developed 
and developing countries. For example. it is 3.7 times of Japan. 1.55 times of USA, 
1.47 times of Asia and 1.5 times of World average. According to a study conducted 
by Gopinath & Raghuraman in 1992, DSM measures could lead to 19.5 pet cent 
reduction of demand. 

I I . . 
Energy conxrvation and efficiency improvement in the Indian power sector 

requires special attention since the sector has been suffering from chronic supply 
shortage. financial sickness and environmental problems associated with the coal 
based power-plants. High T&D loss mainly because of power then and high auxiliary 
consumption further aggnMtc the situation. By reducing the electricity use through 
DSM. the supply associated with the additional demand can be avoided which in turn. 
eliminate the-;missions that would have been produced by burning further fossil fuel 

B DSM in domestic and commercial sector can substantially reduce the 
electricity demand for lighting, space heating and cooling, refrigeration: and 

b electricity used for electronics and other equipment. 

Results of indwtrhl DSM ~fognms >an include: reduced cap~tal 
requirements; reduced energy consumption; reduced spoilagelwaste; flexibility of raw 
material base, greater control wa production; improved product quality and yield. 
decoupling of production fmm fuel supply, increased competitiveness; increased 
production at less energy pa u d  

- 

DSM in resided&, oommaciat and industrial sector can be acbicved ihrough 
energy efficient end use appliances like compact fluorescent lamp. 
electronic b a t l a  highly efficient motor, centrifugal refngeration 
compressors, variable speed devise, HVAC equipment, solar arch~~ecture 
etc. 
load management md good heusekeeping practices 
fuelswitching 

1 
Section 5: Clean Energy Projetst- 

I Risk Associated & Financing 

A Clean Energy Pmject is not v a y  a t  fmm conventional pmjeots as far as risks 
involved in implementation. lhus hem are thus two broad categories of risks from 
the perspective of sponsor, lender and the regulator. The ~raditional pmject risks 
include ., 

Pmject Dtvclopers Risk - This is mainly related to tttt tatrnicat capability of 
the PD in system design, construction, cost estimation and system 

. performance 



Credit Risk - Tbc stll.sbddar h i  PD. Coab.am (EPC. OdtM dc.). 
Ofttaker of dr saviccs (Utility. amamws *.) hnn to k Cr&w&y 
C o a s t i u d i o a R i s k - T b i s i s ~ w i t b p o s s i b k d e h y s m ~ m d  
~~WocstovannTbcar isb&aa~prctotbtsrbcol lhvPrs  
F WRisk- lu tba tg tbcCkraEnogypoj rebn-  
r h a c a E e ~ R i s l r r r n o e i r b d w i t h l a e d ~ d b m d o r s  
rrataliLebioansabmgedlknadharmarislotodw:.nicdra*ias 
l i t e t h e ~ f i a n w i a d n a ' t b  
CllmacyRisks-F~incanuioarlhnnsbaealrad~p.mam . . i f -=  
s u ~ q r t i t o t h e m i l a b i l i i o f f a d p a ~ T b e B e c b P t i o a d t h c  
c o m n r r i o a n t e , u d P n g e ~ ~ l t t r d s . n d k v o l ~ o f k c l i ~ . I s o p o ~ c  
a major risk 
Carnby&SovacignRisk-PolilicrlsihPtionmtbeboaeaaay,~ 
p s s m c o f a p d i t i c r ? n r t u r e , p r m a p t i o a r i ~ a o f u & m ~ d  
poja outplft reseiaioDs on fimd -fa due to &orrmic pFoMmas rr 
s o m e o f t h e p d i t i a l r i s k s a a d ~ r i s L l i k c d i s b o m r i q I I o f ~  
. g r a m e o b b y g o ~ r f s o p o s r k t t o t k ~ i a v e s r m n  
RegufrraymdLegilrisL- TkpossibiliIyofCbrqgmhwsdtbtbon 

.-. .. ** -. 4 _ \..- 
~opa~eve lopaRbl r -n ; iscnnar ta6mmtbthdcof~otc lae  
caag~~~snrllsistofpoj&rs.9ocLtcdwitehigbcrcrPactioa 
c o J t s , h m a g y i n t a r r i t y i n s o m e i a d u m i . l ~ ~ i t o t h c E E  
p91-eFtr)aad~.ndcostovanms 
~isbfrineknjirr-lhsei~ckdc.bilitytomar: 

o The technology and maswing its real pocmtirl (as d rt 
popationrl m this risk) . 

o The Rojed Developer's crpbilitia. rcsomcfalnas a 
o E n d ~ ' s ~ l ~  
0- U n d a l y i n g h j e e t ~  

C u b o a ( 3 r r d i t s R i s k - T h a e r t ~ ~ i I m b i l i i o f ~ t b c  
p q i e a e d c . r k m r r d u a i a a d u c ~ p m p o p d ~ ~  

- .  
~ d a r t a n r i f u l o n . l a r b i l i i o f ~ a p o p a a n b r d r n J  
p o c e b e i n t h e b o g e a n t r y d a o d t t b e ~ o f ~ c d m a e d i E  
O n t o f t b e ~ m ~ t i a l r i d r s h a e i r t h e c ~ o f t h e ~  
~ethsalm&b.nimts. 
GHORaft lc t imM8rketRblc-Tbcrtr idorrrrnaimdwits~ 
o f p r m p a r r r m d m f r f o r ~ p o j c d k a r r f l u l . ~ . ~  

. . 
pncasekTbeseuearpeccedtodiminisboacedwNkrutsetia 
GHGRddoeRiaRiak-Mthe.bovacacaioasdridrrculeia*em 
posgility ofdiscounting by the W v c  adm~ invcsum rd tmy amkc 
t h e p a j e d ~ - v c u . r v f i d c  

It is vay -hpormt that all the stakeholden of the Clam Energy *~ojcc( mhPr thc 
above risks properly. This would aubk than m address the ridr so as to mini* thc 



a 
s risk perception. A Risk should be allocated to the p t y  that is best able to 

control it. 
8 . - 
B FiNANClNG 
8 

The clean energy project -ing as any other financing exists with ahnost all Fl's. 
8 Some o f  the Fl's give importance to the Clean Energy projects and have special 

m considerations for such projeas. There is also international, multilateral funding 
available for Clean Energy Projects. 

Y 
There is a need for evaluating these projects keeping the hoMic picture in w - mind. Theeconomics o f  such projects would greatly improve once; 

D 
> 

r Pricing o f  energy is done keeping the environmental cost in mind 
# a Incentives such as economic, preference in biding process etc to project 

B developm o f  cleaner energy projects 
Financial mechanrsm funds for promoting such projects 

B 

# 
The Flexible mechanisms being evolved under the Framework ~onveniion of 

the UN may offer oppomtnities o f  developing clean energy projects thorough the 

b GHG emissions abated. . 

b Some o f  the funding opportunities available are; 

I Normal project fimanang: Fl's such as IDFC, ICICI etc have been financing 
# - projects. But vay few o f  them have special l i e  of,credit for Clean energy 

h 
projects. In some *,special consideration is given,p,,clcan projests. 

~ . .. . . ., ..' .. , . . - . .=. ,,: . . . .. ...?t--rrti.. ~%.,>. . 
Equipment finaikng: Export Credit Agencies like ~ x k ~ a n k s  o f  various 
'countries offer financing for plant and machinery cost for the exported equipment. 

Incremental I Barrier removal: Some o f  the multilateral such as UNDP, 
International Finance Cooperation, Global Environment fecility. World bank offer the 
incremental cost financing, or banier removal funds 

Climate Change/ CER's Mnancing : As the fiancing mechanisms under the 
UNFCCC are being finalized, carbon investors have begun showing en interest in 
buying early carbon credits. There are some private and multilateral funds 
available for developing countries. A list o f  such funds and details are given 
below; 

Level of 
Funding 

(USS) 
Loans and 

equity 
investment 

Required 
Approvals 

None 

Foals 
Reelom 

Developing 
countries 

Types of 
Financing 

Loans and 
equity 

inVestments 

Organizatkms 
and Progams 

EBCo. 

T=X@ 
Investments 

Energy 
efficiency8 
renewaMes 
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Though the protocol is unda negotiations the post pnttocol approval scenario 
cuuld certainly see more findkg from developed countries to corporates of 
developing countries, Equipment supplim, and fuel suppliers through governments of 
countries with commitments (Amex B of the Protocol). Platst see the January ZOO l 
issue of CII- Global Climate change Newsktttr for further details. . 

Section 6 : Conclusion 

We have discussed trrioas e n  t&udagk for power gama&m nnd the 
financial mechanisms to promote these clean technologies.-Nuclear power is certainly 
a cleaner option and lnd& has adequate resew& of th;nium and ikhnicat know how 
to produce nuclear power, however, it does come with safety and waste disposal 
problems associated with i t  That's why, nuclear power option has not been discussed 

'*... since before exploiting the option the safety and waste disposal - c o v  would have 
. . . . ::..:.> ... .. 

. . . i o  be addressed. . , . .  . . . " ,,. . .  . . . . 
- .. . - . . ~. - - 

In order to support a growth rate of GDP of an,& 7 per cent, the rate of 
I growth of power supply n& to be over 10 per cent annually. It is expected that coal. 

which has highest C02 emission coefficient as compared to oil and gas, will continue 
to provide 60 per cent of total energy in future. Although per capita C G  emission in 
India is only 0.2 tons, it is world's sixth largest C& emitter. 

There are various q k m  available with power sectar far c b  generation. 
transmission and distribution of power in an efficient and environmentally benign 
manna. But the major problem is in financing the clean projects. TIIC financing 
agencies as well as the country would have to look at these projects in a long term, 
socially responsive perspective. Opbons such as the Clean Development Mechanism 
(CDM) included in the Kyoto Protocol can help in improving the financiablity as well 
as provide technological access to cleaner projects. - 

A proper strategy needs So be devehpcd for exploiting the feasiek options 
from generationlo the end-use point of power. India should need to adopt clean 
technologiw for power generation, reduce avoidable losses and demand side 
management for efficient utilization of p o w .  This would not only reduce its future 
demand-supply gap but would also help in achieving sustainable growth path. 



STATUS OF REF- AND RESTRUCTURING OF SEBS I 



(project-wise- since 1991) as on 31.01.2001 



PRIVATE GAS BASED POWER PRoJECIS UNDER CONSIRvcnON 
(INCLUDING THOSE PARTIALLY COMMISSIONED) 



Sources 

. ., I .  t k t m B @ o f ~ Q b a ~ ~ o / , ~ l b r ~ n g  
Coudry UbUtrtres andRegu/a&fy Agender, Complied by USAID & 
USEA 

x -  

2. CaReprton Rtx#m&b of Tmnsmisb & D&b%6& imSq 
- 1999 

Q- . 
3. Web Site of , 

a) Minkby of Emironmart 8 Forest (http://envfor . n k  . in) 
b) Minisby of Power ~ 1 I ~ o w e r i n . n i c i r l )  
c) Ministry of Non-conventional Energy 
Sources-) 
9 Central Pollution Control Board (htt~://envfar.nicin/cocbI) 
h) TERI (wmn.teriin.orq) 
I) Power Line (www.indii~oweron#ne.cgm) 
j) The European Renewable Energy Exchange - 

(www.eurorex.com) 
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AGENDA 

"W- AddrPstWAk V. Raghuaman. Senior 
Adviser-Ene#gy, CII 

I 

CLEAN POWER- A ROUNDTABLE ON 
STRATEGY FOR POWER SECTOR 

$* Mrv. 2001: New Mi 

Venue : Silver Oilk. lndk W i  Cenbe 

-A'Addrrrss",Mr. RkhafdL. Edwards. ~~. 1 
USAID 

09000930 HRS 

I mAddmsw Mr. Rar Sissem. LaSs Bacger Grarp Inc. 

REGSTRATION 

711wgwal AddrPstuMr. AK. Basu. Sem8&#y, 
Ministry of Power 

Vote of Th.nkwMr V. Raghureman. Senior 

i Adviser-Energy. CII 

I 

lOW1230 HRS / SESSION II : CLEAN POWER TECHNOLOGIES 

~ C o r l C a r w r r r k n T ~ . '  
Mr Chandan Roy. General Manager. NTPC 

I 1230-134!iHrs Lunch Break 



"Transmission and Distribution Techndogies for 
Etficencies and Emission Redudion. ." Mr. Kenneth 
R. Gudger, Global Energy Partners Inc.. USA 

1345.1515 HRS 

"Distribution Systems for Energy Efffclency." 
Dr N i n  Pandit. IIEC, USA 

SESSION IH: TRANSMlSSlON 8 DISTRIBUTION FOR 
CLEANENERGY 

"Efficiency fmprovernent & Metering Systems." 
Mr Sanjaya Singhal. Secure Meters Ltd. 

I Discussion 

"Risk Analysis & Management of Clean 
Technology for the Power Sector." Mr Amiiabh 
Bhargava. Chief Manager, lClCl Ltd. 

151 S1530Hrs 

1530-1610HRS 

Tea I coffee Break 

SESSION fV: FINANCING & INVESTMENT IN CLEAN 
TECHNOLOGY 

I Mr. Kenneth R. Gudger. Global Energy Partners kc. 
USA 

1610-1700 HRS 

Mr Chandan Roy, General Manager, NTPC 
Mr Amiibh Bhargava, Chief Manager, lClCl LM. 
Dr Nitin Pandii, IIEC. USA 
Mr. V. Raghwaman, CII 
Mr Ron Sissem, Louis Berger Group Inc. 

Discussion 

SESSION V: VALEDICTORY SESSION 

Panetist 
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Mr. A K BASU 
Secretary 

Ministry of Power 

Mr A K Basu is currently Secretary, Ministry of Power, Government of 
India. 

He joined the Indian Awmistrative Service in 1965 and was allotted 
West Bengal Cadre. In Government of West Bengal, he has held 
several important positions, including Commissioner of Calcutta 
Municipal Corporation, Education Secretary, Labour Secretary, and 
Principal Secretary, Food and Civil Supply. He was the Chief 
Electoral Officer of the State from 1983 to 1987. 

Mr Basu has worked in various capacities in Government of lndia. 
He was Deputy Secretary, Ministry of Home Affairs during 1976-77. 
He worked as Special Assistant to the Union Minister of Education, 
Social Welfare & Culture, during 1977 to 1980. He was Special 
Secretary, Ministry of Home Affairs, Government of lndia during 
1996-97. 

Mr Basu has a long association with industry and infrastructure 
sectors. He was Development Commissioner, Iron & Steel, and then 
Joint Secretary, Ministry of Steel, Government of lndia, during 1988 
to 1993. He served as Additional Secretary & Advisory (Industry & 
Minerals), Union Planning Commission during 1995-96, dealing with 
Plans and Projects of nearly 20 economic and infrastructure 
Ministries of Government of lndia. He was Secretary, Ministry of 
Steel, Government of lndia, from August 1997 to May 2000. 



Mr. V Raghuraman 
Senior Adviser€nergy 

Confederation of Indian Industry 

As Sen i i  A d v i i  (Energy) to the Cbkkration of lndi i  Industries 
(CII). Mr Raghuraman works with Poli iakers, l n d i i  Gowmmnt 
Ministries and other National and International bodies on energy 
sector issues. He has over 32 years of in energy 
management, energy conservation, and industrial engineering and 
has served as a consultant, trainer and researcher on pmjects 
covering combustion, cogeneration and energy audits. 

Mr Raghwaman has held various eminent positions such as Depdy 
D i i o r  General of the National Productivity Council. Secretary 
General of ASSOCHAM; Chairman. W d d  Energy ERciency 
Association. Washington, DC.; Member. Energy Research 8 
Development A d v i i  Committees. ICICI; Board of Gavemors. 
National Institute of Industrial Engineering, PACER ERDACUIPRC; 
EMCAT Advisory Committee etc. He has led a team for Energy Code 
for Buildings sponsored by the Minitry of NonGonventional Energy 
Sources (1991-92) ; helped identify ESCO opportunities as a member 
of EMCAT review committee. 

As part of his work for CII. Mr Raghuraman draws up poiicy 
recommendations and convenes meetings to enhance the 
conservation of energy, promote the use of renewable energy and 
preserve the environment. He presented the lndii response to the 
Kyoto Protocol at the USJapan Energy policy dialogue nmeting in 
held in November 1998. Currently heads the CII Centre on Climate 
Change and developing CDM compatibb projects. Conceptuali 
and initiated work on the Green Business Centre at Hyderabad. 

Helped develop law air presswe d burner standards. domacptic 
kerosene wick stoves ; coordinating energy labelling standards for 
&@emtors, geyses and a i f c o n d i i ,  awareness campaigns. 
metering, phasing out tax incentives and subsidies for kw&khcy 
technologies, and market-based energy amsewation. 



Mr Ken& R Gudger 
Chief Executive Power 

Global Energy Partners,LLC 

Mr Kenneth R Gudger is an Electrical engineer & a Graduate in 
Management. 

He is currently Chief Executive Officer, Global Energy Partners, LLC 
and is responsible for overseeing the operations of the company in 
Energy efficiency, Renewable, Environment Consulting and project 
Management Services.He is also responsible for Climate Change & 
energy efficiency operation of the company in Thailand and India & 
implementation of energy audits. The company is currently designing 
and installing an automatic load curtailment system for the state of 
California. 

He has a vast experience in Electric engineering, Operations and 
management of transmission systems, energy end use efficiencies 
and environmental management. 

He is also one of the founder of Edison Sources and had designed to 
bring energy efficiency and modern energy end use technologies to 
open market places.ln 1993 President Clinton recognized him for his 
contributions to the US Administrations Global Climate Change action 
plan. 



Mr Chandan Roy 
General Manager 

NTPC Ltd. 

Mr Chandan Roy is a graduated in Mechanical Engineering from 
VRCE. Nagpur and themafter received practical training with MIS. 
Babcock & W i i x .  UK at their establishment in London. 
Subsequently he also received training with the Tennesee Valley 
Authority. USA under the US and programme for advanced umhbfm 

. . 
assesskt  technique for powr plant components and component 
damage assessment for power plant components. 

Prior to joining NTPC he joined the ACC Viers Babcodc LM. Where 
he was responsible for the design for steam gemtabs and its 
components. 

He started hi carrier at NTPC in the Design Depertment w b m  he 
was responsible for finalisation of specifications for the steam 
generators for various NTPC projects. He has since that time senred 
in various capxitiles in NTPC inducting a stint at the Korba Super 
Thermal Power Station. 

He is presently the General knager of the Project E- 
D i i i  d NTPC. 

He has also authored a large nurnbec of technical papers relat6d with 
power plant design 8 engineering for a number of leading tedmicd 
journals and international c0nfem-m~. 



Mr B C Misra 
Advker 8 Consultant 

UNDP-GEF 

Mr B C Misra is an specialist in the field of exploration of coal; 
Planning, designing & implementation of projects of Coal Mines, Coal 
handling plants, Infrastructure of mines, Coal Washing, Clean Coal 
technologies, Coal utilization and Coal Bed Methane exploration & 
utilization. 

He has a vast experience of over42 years in planning, management 
and operation of these technologies both in lndia and abroad. 

In the past he has held important technical possessions smh as 
General Manager(New Technologies) , Coal India, Director (Tech) 
CMPDIL and then later Chairman CMPDIL. 

Since 1997 he has been working as independent freelance consultant 
and chief Executive of B C Misra & Associates. 

He has been consultant to various international organizations such as 
the World Bank, Asian Development Bank, African Development 
bank, UNDP 81 GEF in the field of clean technologies. 

In 1998 he jointly with UN experts prepared docoument for Coal BED 
Methane in Indian Coal Mines for UNDP, GEF and Govt. of India. The 
project is currently under implementation. He is currentiy a Senior 
National Technical Consultant of UNDP on this project. 



Dr Nitin Pandii 
ExewtiveDirectcn 

IIEC, USA 

Dr. N i n  Pandit has his doctorate in puMi  policy from George Mason 
University. He has done civil engineering fKNn Birla lnsti ie of 
Techndogy & Sciences & Master in Application of Artificial 
l n t d l i i  & Geotechnical Engineering. 

He is wrrently working with llEC as Executive Dimcb at 
Washington. He is mponsible for operation in South America. South 
Africa America Asia and US. His prime role has been in developing 
compiementaty programs deriving synergies from technobgical and 
institutional innovations in engineering & sustainam energy. 

Some of his projects include strategic leveraging of @dmMgk for 
energy efficiency, remote monitoring. Carbon credii development 
and pdlution prevention. 

Mr Sanjaya Sin- 
Managing Director 
Secure Meters Ltd 

Mr Sanjaya Singhal is an engineer from Punt? University. 

W i  a vast ex- of over 12 yle#rrs Energy meMng he is today 
recognised as an expert in the area of metering and utility mvemie 
protection and has published and presented many papers in this field. 

He is currently the Managing Director of Searre MeEers Ltd since 
1988 and also the director of Polyrmters response lntematkmal Ltd. 
U.K. 

He is also specialii in new business ventures such as pesticides. . 

chemicals. Mineral processing and computer techmbgy. 



Mr. Amltebh Bhargava 
Chief Manager 

IClCl 

Mr Amitabh Bhargava is a graduate in Chemical Engineering and a 
postgraduate in Business Management. He has more than 6 years of 
infrastructure financing & advisory experience in power sector at 
ICICI. 

Mr Bhargava is currently working at the Infrastructure Industry Group 
of ICICI. Prior to his current position, he was working with the 
Advisory Services Division of lClCl for more than two years, where he 
gained extensive experience in the power sector. He handled a large 
number of advisory assignments with Rajasthan State Electricity 
Board, Gujarat Power Corporation Limited, Andhra Pradesh 
Electricity Board and Tamil Nadu Industrial Development Corporation 
in the power sector. 

He is currently responsible for execution of the group's transactions in 
the power sector. He has been involved in appraisal, contract 
negotiations, and structuring for some of the large power projects in 
India. 
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Overview of the Greenhouse Gas 
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Implemented by the Louis Berger Group 

Ir* 
NddRw 

- . a z n w  

I 7---- /. USA~G ~unded Projcet - Four year project initiated I 
I q l e ~ t i n g  a GO1 supported strategic objective of I I i d  environmental protection in energy. industry I 

i 
!0 CII as q key strategic pertner in tbe GEP-CCS pject 
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: (GHG) emissions" 

greenhouse gas emissions with the second hishest 
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. . Key Project Activities 

i 
Facilitati- Demo P r o i a  

I - Facil te clean energy projects that incorporate carbon off-sets ; as a $ential means for improving project financiab and 
, potm ial for financial closure 

i I 
involved 

industrial sector, municipalities 

Fi ncial Institutions 

I 4 - .- -. - -. . .--- 
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- - -  Key Project Actidties 
- . . . - &tanding the 

cle4 energy technology1GHG emissions 
reduttion link 

- Training Fls, project dcvebpas, D K I I  fa capwily 

- Pdlicyhtudy advnges tdfrorn US. 
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Utility Roundtable -- - Why? - -  

a very/ high potential for reduced air emissions 
incl#ing GHGs and for structwing projects to 



- - -  uesired Outcomes Of- 

-7 
Lively d~scussions on: 

i 
- Using clean energy technology for improving 

supdly/reducing loss and improving financial 
stability of the sector; 

- Lesmns learned in the U.S. and India; 
- Relationship of clean energy technology to 

climate change 
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OPTIONS \ 
IN GENERATION \ 

Mr. K d  R Crdp 
ChirtExecu~ivc MTra 

G b l  Eaew RNm LLC 
b t a ~ ~ t c ,  G l i f a i  USA 

CLL\rY POWER 
UUIDGEI  Pr=~.a 

r, KCL Clelh~. Indm 
May 9. nml 

m U p m - L L C  . . . . . -. - .- < - . . - . 

Power Supply 
*Transmission 
*Distribution 
*Demand Side Management 
*Retail Marketing Affiliate 
*Energy Consultant 
*CEO - Global Energy Partners 

-EPRI 
*GTi 
-DMJM 



TODAY: 

71% COAL 
24% HYDRO 

'. 
\ 

THE !3'RMN OF F H  C R O W  
PEAK IDAD W A G E S  

1999: 6.2% 
2- 12.4% 

DOUBLE CAIACrrY M 12 

I -ED FOR CLEAN 



Cogeneration. .... A brief c 
New Technology Or New Thi 

~stztblished Benefits: 
Twice as Efficient 
Reduced Carbon Emissions 
Less Costly Energy 
Industrial Modernization 

oCogenmtloa ........A briefcase stud 

.Emmuaged Develepment: 

ByRqrb(arr:CrBllrUBlitiaRegubcoIyPolky 

By CODI~IIDM: 1OdllShid Rmt~~(=>Dornetic 

By EqaipBleS4 SspaacnA.rtrllen 

" ~ o f U 1 U f * S m i r c  
A d p i s  .C?.tdd 
Rap..rcSmtqy&T.ctkr 



Cogeneration ..." A brie 
New Utility Oppbrtunities: 

Pardvala-clrpaba 
h 1 0 p c l n t r l M d . b l .  
Brrhcrr Oppubm- 
-tk.MrrrdtJ 
Certowr PartmsUpr 

Distributed Resources 



EFFlCaNT COAL CONVERSION TECHNOLOGIES s- 
A PALIT. DIRECTOR ( T E C H W )  

NATIONAL THERllAL POWER CORPORATKJN LIMITED 

C l A U  POmR FOR P W R  SECTOR 
ZT N 5 l A W A T  CEYTRE.YEW IKLW 

I 

PRESENTATION AGENDA 

INTRODUCTION 

TRENDS OF EMVtRONMENTAL REGULATIONS 

FUELSCENARIO 

VARIOUS -Y FOR COAL 
PLANT 

STATUS &BS+ STtUkbiEGIES FOR AfttiA#GED 
COAL BASE TECHNOLOGY 

CONCLUSION 

2 



EFFICIENCY TREND OF COUrFlReD PUMT 

m, , I 



-A% ARE BEING MET MW WtTH WCUEASED 
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~ ~ E N W R o r r v e m N O t U # S W D l C A T E  

ENVIRONMENTAL NORMS ARE BEING 
TIGHTENED. 

FUntRE TRENOS OF NORMS MAY 
LEAD TO c B S & E S ~ H E E  CURRENT 
TECHNOLOGIES LIKE PC BDIWRS ETC. 

IGCC & PFBC NOT ONLY NAVE HIGHER PLANT 
EFFICIENCY BUT #C$O HAVE POTENTIAL FOR 
ZERO EMISSION$  AN^ THUS ARE THE 
TECHNOLOGIES FOR THE NEAR FUTURE (10-15 
YEARS). a 
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FUEL SCENARfO 
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. st FUR -- DElYO 
Yo 

1QI aDOD lW aDop 

1 Cad 2m bT 290-1 =mi  155rT $1- 
f r r r s )  

- nb- s. 2 -Or u n a- 
s a d  Ilqll d m  

5 . -  7PrT;. -11 l o m l  OlmT-- 
(M 

4 W-a 8 r T  

b) WU# W PIT 
HSO 

mLl lmEYUI I*DLP 

I2 



I ECONO#tCS OF FUEL-OPTIONS I 
3 

-NOMYSBN 
COAL 

92.5 
-'AVSrA*It** 

5 COAL 

ii = --AFRCAN 
COAL 

INDIAN COAL PROPERTIES 

QYL- F(ICY 
UllEL - n m W A S H c o M F N I  

rn - - U(TILWLY ABRASIVE ASH - lmbm 
S O W  BURNIMi COAL ( h e  - 

rw-nwamr iIe5rimc -1 - - . L O I W W L N R  

- WWSUCWNOAXILING 
WUTllf(Una -Is* r n o l ~ ~ ~ w  

M 1PD31DO 

I4 





SUPERCRITICAL 

TECHNOLOGY 
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FLUDIZED BED 

TECHNOLOGY ' 

M 



Types of fhrkUzed bed boilers : 

CIRCULATING FLUIDIZED BED BOILER 

PRESSURISED FLUIDIZED BED BOlLER 

15 

. .  ~ . .  - ~- -- -. 
Circulating FtuWked Bed ~ombustbn Scheme ~ ~ 

26 



I Ptesswized FkJdbed Bed Cornbustkn Bdkr I 

Advantages-of ,Circulating fhidkd bed bdlers : 

HIGH FUEL fLEXIBIUrr 
EXCELL- EWWROWMmAL P e R f O m  
L o w  WOx EMlsslOWIC 
L O W S O X E Y ~ ~  
HlOH C O I Y B U ~ O N  EFPICI- : - 
A B I U T V ~ B U R U ~ ~ ~ G R ~ ~ N ~ ? ,  _- . 
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Circubtimg Fluidized Bed Combustion(CFBC) 
Boilers WlortdrrPlr)e Status: 

There are over 310 CFBC boilers operating worldwide 
Utility Scale FluMized Bed Boilers have been in operation 
worldwide as early as 1987. 
Capacity of CFBC Boilers upto 125 MW is well 
established. 
Few' 250 MW 'size CFBC units have also been 
demonstrated on commercial scale. 
In India lndustriat fluidized bed boilers of small capacity 
have been in senrice since 1977. 1 
Recently few CFBC based captive power plants of 20 to 
125MW cam have been commissioned at Renukoot, 
Bhadravati. Vhgg 8 Surat 

GASIFICATION 
COMBINED CYCLE 





I TYPES OF GASIFIERS I 
I GASIFIERS 1 

I 

4 
TYPE OF COMBUSER 

MOVING BED m 
FLUlDISEO BED v 

OXYGEN I=+ 

I TYPES OF GAMFIERS I 
FLUIMSED BED ENTRAINED BED 





MAJOR lOCC lMO€R OPERATION (REFINERY -DUE 
BASED) 

PUNT CAPACITV ME OF CWYFOPN. PROCESS 

T -E IW~W swadw. r s n  TRKO 

s m ~ r 4  t n m  ~ , r w ~  shl( 
w.mnlmdr 

s.ptunar.r= NOSH KRC (~lgn*.) I 

I ""-. t"" m 
USA 

- OTHER IGCC MWJECTS WORLDWIDE-UNREB 
'CONSTRUCTION ' ' 
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PLAWT CAPI(XIY FUEL DATEOF COMY PROCESS 
lOPN. 
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I =LeW=lhdb53M w - - --m*opa*rr 
mt*ror ¶OB m 2001 BriUshGadLwsl I 





ADOPTION OF ADVANCED COAL BASED 
TECHNOLOGIES IN INDIA 

STATUS AND STRATEGIES 

. . . . . . . . . . . . . . . .  

SUPER CRITICAL P-UNT : .lip.., _ _ - .  . _  .: *.. ~~ . 
............. -.x - ...... 

TECHNOLOGY ALREADY MATURED FOR LARGE 
SIZE OF COAL FIRED PLANT. 

NTPC INDUCTS POWER PLANT WITH SUPER- 
CRITICAL PARAMETER AT SIPAT-I (3x660 MW) AND 
FOR FUTURE PROJECTS 



- CFBC PLANT - ,?. 

WorM wide Techndogy matwed upto 250 W plant 

In India Number of small size Industrial Boiler on the 
low grade fuel are operating. . - '.' - 1 1 .  . 
Two unit of 125 ~w-with lignite firing op&ating since 
one- year at Surat Lignite Pawer Projed and One 80 
MW captive power plant at Renukod is operating. 

Them are certain teething problem with large size 
CFBC boilers with indiin coal which are to be sorted 

.- - 

IGCC PLANT- . 

- IGCC IS ALREADY UNDER DEMONSTRATION IN 8 COAL 
FIRED PLANTS AND ANOTHER 6 PUWTS USING OTkER 

- I G C C F W W T S ~ C A P A C ~ ~ Y ~ ~ ~ T ~ ~ ~ ~ M W A R E ~ N D E R  
OPERAllON SINCE 1984. 

- SUITABKflY OF IGCC FOR HIGH ASH CONTENT IMMN 
COAL IS YET TO BE ESTABLISHED. 



I ~ c o N ~ I D O P I # # I O F l O C C I Y l U W I W . c E c u w o  

- MATURITY OF IGCC l?XtWOLOGY WORLDWIDE. 

ADOPTING Tm COAL ~ T i O N  TECHNOLOGY FOR HIGH ASH INOiAN 
COALS. 

HOT GAS C L E W  TECmOLOGY NOT FULLY MATURE EVEN FOR WESlERN 
LOW ASH COAL 

. HIGHER CAPITAL COSTS (USS17OWW) COMPARED TO CONVENTIONAL 
THERMAL POWER PUNTS. 

OPERATIONAL FEEDBACK FROM CURRENTLY OPERATtNG IGCC W T S  NOT 
FREELY AVAILABLE. 

- INADEQUATE R6D EFFORTS IN iGCC TECHNOLOGY - THE CURRENT INDIAN 
EXPERIENCE DOES NOT PROVlDE ENOUGH DATA FOR UPSWING TO A LARGE 
SCALE DEMONSTRATION PROJECT. 

45 

- 

., 

ROAD MAP FOR ADOPTlON OF 
lGCC BY NTPC 

4s 
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INDUCTION OF NEW TECHNOLOGES 

SHORT TERM 

- BUILD SUPERCRITICAL UNES FOR 500 MW AND ABOVE 
FOR GREEN FIELD PUNTS 
CFBC SHOULD BE ADOPTED FOR R&M PROJECT UP TO 
125MW. - EXTEND USE OF BENEFWTED COAL TO PIT HEAD 
FIANTS (from ecomnic and operational standpoint) 

*) 





COAL BED METHANEPRWECTS FOR INDIA & 
UTILITY FOR POKER SECTOR 

BgRCMiiCarsrrllPhr 

L Pmmbk 

A safety h d ,  with risk a f ~ ~ 4  during mining of coal and an enviromnental one, 
when released to cltmorpbsra awing  Global Wanning, but a Ckan Fuel when utilised as 
Ensgy Source, that is Coal Eed Metbane now popularly called CBM. Now let us see how it 
is formed & how it mn&u in Cod Bed. CBM is a product of Codification i.e. its 
conversion 66m Peat to Lignite, to Bituminous, to Anthracite stages of Coal. Substantial 
methane is wodrioed during this proass. Part of it remains ADSORBED into micropores of 
Coal ~ a t r i x  as m on mob-lar 1- under pressure from water Coal has large i n t k l  
s u h x  area >I00 cu. m./t of coal. Gas genaated during walifieation process far exceeds the 
capability of coal to hdd it and cxctss migrates to pornus surrounding strata Gas, remaining 
in Coal Bed in adsorbed hm under pressure is called COAL BED METHANE 

Gas a is t s  in coal matrix on Intanal suffices in ADSORBED FORM under pnssure of 
watw and sometimes of strata a h .  Gas d r u  ADSORBED unless pressun'is l o w e d  
On pressure being lowed due to mining, the Gas flows through porous network and into 
the mine atmosphere wbm it mixes with the mine ventilation air resulting in a mixture of 
air and methane. A muhnc pacentrge between the range of 4 5% to 14% with air forms an 
explosive mhdun and caa get ignited by my tlame or el& or static spark muhi in 
Mine Explosion To prevcot thla, krgagumtit)r of ventilation air is required tobe belated 
in mine to kcq~ the metlmne diluted to a sat2 limit to prevent any explosion due io 
methane. Though the pacentage of methane in mine air is reduced but not the total quantity 
of methane. 'his muhnc gets r d d  into the atmosphere along with mine air. Being 
lighter it rises up affkctiq stratosphae and contributing to Global Warming Otha gasses 
being released as produdofccdu&m etc. also contribute to Global Warming but 
Methane is 21 times more patmt than Clrbon di oxide 

T h  dilution of mdhaoe in the mine atmosphae, by cirarlating higher quantities of air does 
provide safety to m i n k  operations, but in no way prevents the loss of this clmoM,m of 
Energy or & it re& into the -&ospkre. l%s methane released into the atmosphere 
eonhibutes to global warming 

2. Hew CBM is different from Nated Gu 

While both am podud of decay of Vegeraton and M i o n  ofcoal or Petroleum, Natural 
Gas and PetroIaun an gesartaf in Shae & Clay and migrate to p m s  Sandstone or 
Lkstone strata, but CBM is getmated in Coal bed and remains thae. The coal is both a 
source and reservoir. 



art tcdmc&&-- in the u n s t , - ~  in U.S.A ~ i a -  
. a d ~ l t i i i o f ~ i n e ~ a m l b c d n v l b m ; : w a m t ~ c c o c l o m i a l l y  

arpbirioa 

v irMcAt8mmadf . e t rwodmderbr fCBM~mtcamidaeda~ofeaagy . s  
s u e b h ~ t o d y ~ m i n i ~ ~ ~ ~ ~ n d h n & ~ a e  ~ o o s i d a c d t o d b . ~ ~ y b w  
~ o f C B M ~ m i n c s b d s e ~ a d t b e ~ a o f c o a p r o b c t i o d a r p k m b o a  . . 
b e ~ b w t L c y k ~ d u m s . 1 ~ o b w r d d p w n . l t i t b e m h d a ~ ~  (by 
~ c t i a i q e ) ~ ~ ~ ~ ~ d r t ~ ~ l o w  



The main devdopment objectives ofthis Project are: - 

i )  70 reah the potential adverse impacts of methane on Global Climate C h t ~ g e  by ~ r v  
being -fed and released into the ahnosphere. 

ii) To cqture & utilise methane to provide a Clean Source of &wgypraviding (a) 
economic betKfits to the mint & (b) replaring equiwIent burning ofcoal 

iii) To improve mine =fey and thereby Praiucrion. Prducrivity etc. 
iv) To improve loco1 & regioml urvironment by use of wsted et~rgy.  
v) To Promote developnet~t of I t~ i ian  q i s e  and enterprise in this sphere. 
vi) To ~bf i&'demor~strate Commercial YiobiIi@, es~bl ish databare, and esiablish 

CBM Clearing house to et~ablefunre replication md encourage Nutiad & 
lntermrinal hrvestmetzt i t r  thisfield 

, , 
5. Opportunities of CBM recovery in opcrrting Indian Coal Mines 

There are reasonably good opportunities of recovery of mine associated CBM in Indian Coal 
Mines. Classified degree 111 gassy mines with an anticipated methane yield of  about 10 cu 
m I tonne of Coal are 25 in number. 27% of underground coal mines are classified as degree 
11 gassy with an anticipated gas yield of 2- 10 Cu. m. /tonne of Coal. With passage of  time 
the working depth of these mines is likely to  imrrase and so also the gas yield per tonne of  
Coal and many ofthese degree I1 mines are likely to become potential for CBM exploitation 
and recovery. As per U.S. experience anything above 6 to  7 cu. m.1 tonne should be targeted 
for exploitation. 

6. Potential Coalfields for CBM 

The potential Coalfields for CBM are: - 
fi) South eastern part of  Jharia coaltieid. 

1 ,- (ii) South western part of Ranigunj Coalfield. 
(iii) East Bokaro Coalfield at depths more than 500 m. 
(iv) North Karanpura Coalfield at depths more than 500 m 
(v) Sohagpur Coalfield at depths 
(vi) Mehsana Lignite Deposit 

7. Latdy CBM content in potential Cotifidds. 

Based on various work done by CMPDI, CMU, AMOCO, GEECL etc in the last decade the 
broad position of  availability of  CBM in potential Coalfields is as follows: - 
(i) South eastern part of Jharia coalfield- Generally methane is likely to  be >S Cu. m.1 

tonne. Highest encountered is 14.93 Cu. m. I tonne in Parbatpur block at a depth of  
795 meters. 

G )  Southwestern part of Ranigunj coalfidd. - The potential is good and within 
productive range particularly the Dishergarh Seam. (6-7 Cu. m.1 t ). As per studies 



maximumSorption~tybRagirrgfroar9.15to11.18r~dt140I(%oq. 
Qn 

~ i )  E u t B d m o c o r l f i d d - I k i l i i i C a d S r m p k s ~ f i o m ~ m i n a r d c g d a >  
600111 brvegivcDrcrultrof8Cu.m/tHorvewiaaaiwa~okof 
~ s t n p r n i t b c f i ~ i s ~ ~ & ~ a p t i m ~ o f ~ & b 1 4 c a d 1  
4oww-p.aa 

fiv) N a t b ~ ~ ~ ~ d e p b r l g a t a t i m 5 0 0 m n ~  
(v) S o h r g p l r - A t ~ l e v d ~ f r b r l b w d c p h r o f o p c r d q g ~ t h e ~ i r ~  

(2-3eu.m/t).HDwcvatbaeiSpdeairlrt~depthsmd&amia 
gedoeialsctup Theanihtobefiutbustudied. 

(ni M&ana-7wm/t.t1400mdepth 

At the end of this talk I will like to gin: the hgum 0fGbb.l Matpur Emitsioq 
Emission tiom C d  Mining Qlobally and ia to anphk tbc impad dmcdPet bdag 
released h Cod M ~ n i v  opaations ad its impact on Gkbrl Chmte The 
broadly estimated figure of CBM msourm & IUIYVCS rve .lso i d i d  m kag  out tbc 
paaffialofCBMasannnilabkclcan~ofEoaLZy -an:- 

. ... 
(i) Global Matnae Endsdob - . 530 mt 
(ii G k b a l m d h a r r E l n i * d u e t o W ~  27na(SK) , -.- 
(mi Ind*nMsthrr auissiwchnmCoJmin& 25mt(9KdOkbrfhmCorl)  
CN) MdhaneRt4ouras in India - 2 Trillion (k. m 
(v) Methant Resaves in lndia - 400 B i l t i  0.1. m 
(ni Heat value -8,500-9,OWK. W z  m . . 
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System Operation 
- Distribution Cimit  hI.lring 
- DislribucianV~Rcguhtioo 
- Cost Effeaive for anission ndudiom 

Transformation 
- LossRcdu*im 

- Amorphous Core T~mfonnation 
- EasofRantfiI 

- Pending Legislation in 
- Buiklin&mhtaiaiag a 
tshndogysysttm 
- lmlmopporlmitytojump 

I d t e l y  to 3"'gencntioa mbrirrg 

- CultlacIMupganclllITecbadogy 

- Neighbor Shelii Fmm NagBm 
- T a : ~ f o r D c ( o c t i m  



I The-ient Energy Use I 
- Definition of Terms 

- con-ion 
- Load Managcmmt 
- Energy Efficiency \,. 
- DaMnd Side Management (DSM) 
- Integrated Rcxxucc Planning (IRP) '. 

- Energy Efficiency 
- lndumial 
- Commercial 
- Domestic 
- AgriculNral 

Hydmul~ Test 
Hudwarc Ramh (VarisMe Speed Dnve) 



Energy Efficiency 

Distribution System 

International InstjMe for Energy EfiideKy (IIEC) 

IIEC - Organization 



CERF 
Strategic Focus Sewing the Design and 
- Energy Efficiency ComtnrctiOn Industry 
- Renewable Energy Innovative Technology 
- Climate Change Assessment 

Sustainable Markets New Material TMng 

- Policy Market Assessments 

- Market &lopment 
- Financial Tools 



Pro~eaonomicgnmth:7% 
Plesent generaton: 96,000 FlW 

+ Demand - Supply gap: 15 - 20 % (peak 

t T&DLors:lS -25% (20,000MW) 
(against 6 to 9 % internationally) 

Fresh capacity addith by 2012: 1 O o I ~  
( ~ : m a & & v d - , M j  

4 AlkJmnaI Rs. 100,000 cr 

20,ooo - 25,fJoo nw 
/--m 
EImJYsavings -1 throylh 
EE DTS = 22 bn kWh in 20 yean 



Power Generation requirement - 2010 
-- - 

supprV - Demand Gap: Negawatts  : 20,000 MW 
T89 Loa: 20,000 MW 

-- - 

Generation: 96,000 MW Required Generation: 196,000 MW 

CFC EWERGY EFFICIENCY 
PROGRAM (CEEP) 

krmr&e?&tjj wiZb CFC/IC4 





+ Free - up more power to industry / 

I 
-- 

consumers I 
t Reduce GHG emissions due to loses in 

the system 

By: 
- Developing market for Energy Efficient 

Distribution Transformers 
- Institutionallzing TOC based purchase I 
- Providing technological options I 

t E x i i  for all SF6 power transformers 
t Some SEB's akeady use capitalization to 

evalwta cost of loses 

TOC = initial purchase Price + cost of MU- 
Energy Loses I 



t Distributed power generation is 
inaieasing in Mi 
Renewabk pose a good o~~ortunity, 
which is being tapped 

t Integration of thk source with grid 
should be done in order to reduce ' 
-Systemeffidencyksses 

--outage 
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Conserved Energy is the 
Cleanest Energy 

Metering and Energy Conservation 

Sanjaya Singhal 
Managing Director 

PRI Ltd, Winchester. UK 

a entity 

ll This Presentation I 
Energy conservation is clean energy 
Cognitive atstmer response and energy 
consenration 

I Some experiences in utility metering and 
consenration abroad 
Metering systems in the Indian context 



A unit saved 

Impads the consumer as a saving on hi bill 

Impads the diitrihth assets to 1.15 units 
Impacts generation by 1.21 units 

an?m 
Conservation s an economic 

I1 phenomenon I 
~ ~ d o n o t c ; # r s e e n e r g y  
amselvation 
COCISUmeCS need economk: messages . 
Tariflsdetemhearstomereconomics 
Tariffs are administered by metering 
equipment 

II Theft too is an economic phenomeron! 



004 mu 
Some experiences in clean 

energy 
Micro-g%neration - London housing estate 

2 MW CHP synchronised with the grid 
75% of the electrivity and 100% of the heat 

Consumers get free heat and cheaper power 
Metering 1 billing administered by the estate 
Great for consumers but no thought on 
conservation of heat 

Now instaling heat meiers to charge for heat 

B iRW 
Some experiences in 

II conservation II 
Domestic pre-payment meter deployment - II 

Meter with a 'Kitchen UniP w h i i  communicates 

Meter dkpkgs aMiiable credit in f s I 
Displays of €he day's, week's, month's, previous 
month's etc. consumption. 

11 Displays of time remaining based on present lbad 11 
1) Utility found 11% REDUCTION in energy use II 



. t 

I -  useup 
kWh is not . an . -. 'Economic 

Message" . 
L .:?- . I:: . , .. .~., .m:.~>d - , 8": ,>; I * A W r W d - i W m p m b d h  

(2nsmem tmdemtand money 
Large volume ofresea&estabkh that: * 

Carsuners WILL respond !mcomdc mesages 
~ W n L r n d r e l i l e s t y l e c h o i c e a  

1 .  r r - L  

Consumer behaviour CAN be m o d i @  
giving them the right messages AND leaving 
themthe choicetoact 
Man is the cognitive beast! 



Q B O W I  
Some experiences in 

II conservation F 

I industrial and mulfi-site operations - UK 
Utility dealing in energy, not electricity alone 
On line'infommfion from utility meters to consumer ' 
(both on site and remote sites1 

II Regular energy use reports (produced by the 
utility) based on the monitoring and targeting 

II programs of the customer 

I A multi-site retailer has completely out-sourced its 
energy conservation to the utility on a shared 
benefit basis 

s;-,,- b . 

- R!RMI k 
,I 

some experiences in load 
. . . . . . . . . . .  

control 
. . .  . . >  . . . . . .  . .  - 

I( . Consumer bad control - Florida 

I U t i l i  controllable loads identifed (air c o n d i i n g  ,, 
and swimming pool pumps) . C O ~  offered small discount to allow 
contdabte toads I 

II 280 MW can be shed in 30 minutes 
Delayed construction of peaking plant by two 11 

. . . . . .  
Califomki cries out for load contrd nowl : 

..< 

e~ entity II 



~e levank  . . .  to India 
. ~. . 6 * '. . . 

Out problem is hsks due to theft 

~n-bbqinwilha- 

. -- 



11 Metering and theft 11 
I 

Good metwing redukes theft - well ptwen in 
India 
Gol initiatives now demand and facitiiate ., 
100% metering. . 

This alone will not sobe the problems 
Investments in information and utility management 
systems is critical for the success of this initiative 

Investment in metering which promotes 
conservation is necessary 

- . - . . -, . > . . . . - . . . .. .~ ",. . . . .. . - - - 
. , *.:+ .,. . .. . . . *  

The Indian vicious cyde: 
Theft da'ihages he uiitity's ~revkwes 
Low revenUe f e a v e s ~ ~ f w  &pita1 investment 
Lack of inv&stment C&~'BS shortages 
Shortages promote captive power plants 
Capfive plants reduce utility revenues furtheri 

Distributed fuel oil based generation is not 



*PGU 
z .  

Loa conirol . . fr1fi ef?fi+ . 
Critical to make immlments in this area 

Urban areas like Delhi 



I Conservation and unbundling 

Unbundling UK style - impacts the incentives 
for demand management I energy 
conservation 

e- Incentive lies in areas where constraints exist 
but the constrained party has no clear tariff 
mechanisms to incentivise demand control / 
energy conservation 

<u entity . .. 

i 

In summary 

Metering plays a vital role in conservation 
Conserved energy is the cleanest energy 
Adequate metering technology exists in the 
colJnt1.Y 
For India the time is NOW 

< 

@- 
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FINANCING.& INVESTMENT IN 
CLEAN TECHNOLOGY 
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Combuctbn Rkk 
OpmtiAg Rkk 
FneiRkk 

Risk ' . t6.'b!~;~&<*~Rkk 
, .= 

i .:,,.r+c:4.rYptt.- .. - .- . . .. < -  , 
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