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Conlenlsll 000llpt I Introduct~on 000 Asrn Consultutg Group 
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Deliverables 

5 Year Forecast by Three Key 

Differentiators 1 I 
Project Type IPP/Captive/State - Reliance on Clean 

Technology for 
Power Generation 

Geographic Scope \ 
Regional Forecast I 

Quantum Analysis of Top 10 Industries by 

Source Cl~ent Briefing, ACG Methodology ACG Analys~s 
S- USAIDIcl l052tvk 1 Introduct~on 002 Asra Consultutg Group 



IRG (Internat~onal ~esources Group) 
I I 

USAID (Un~ted States Agency for International Development) 

I Mr Ronald Leasburg. Director Energy Group I 

Mr N V Seshadn, Program Spectalrst (Energy) 
Ms Kavrta Slnha, Project Spccralist 

Mr D~ck  Goldman, Director 

A 
Source ACG Models & Databases 
Project Team11 000 1/pt I Introduct~on 007 A COI~ 1,  P (31 

ACG Project Tearn ACG Adv~sors - 
Mr V Kanwarpal Project Manager 
Mr J Anand, Senlor Analyst 
Mr G Lal, Analyst 



90% of the proje~t IS completed as of March 1998 

PROJECT I SURVEY OF POWER PROJECTS (GANTT CHART) -- 

Source ACG Models & Databases, ACG Analys~s 
US AID Project 1 Gantt Chart/100011gv 1 lntroduct~on 004 Asla Consult~ng Group 



ACG Propr~etary Resources 

Busmess Journals Database'" (1995, 1996, 1997, 1998) 
Captlve Power Project TrackTM 
National Project TrackTM 
State DatabaseThf 
Transm~ss~on and Distnbut~on DatabaseTM 
Electrlc~ty Intens~ty Analysls 

Government Reports and Publlcat~ons 

Annual Report on the worklng of SEB s (1990 1994, 1997) 
Census Of Indla - 199 1 
Compendium of Therinal Power Stat~ons in Indla, Central Board of Irr~gat~on and Power 
F~fteenth Electric Power Survey of India, Central Electricity Author~ty 
Fourleenth Electric Power Survey of India, Central El~~tr icl ty  Author~ty 
Profiles of Powcr Utilities and non Utilities In Indla - 1997 Councll Of Power Utilities 

of India 
CEA General Revtew 
Power Pool Arrangements and Economic Load Despatch 
Power Gen Asla Report, 1995, 1996 & 1997 
Power Gen Amerlcas 1994 Conference Papers 
Indlan Electricity Act, 1910 
The Electrlclty (Supply) Act 1948 

Records rn Buslness Journals DatabaseTM 

20 000 

Per~odlcals and Magazines 

Business India 
Business Standard 
Busmess Today 
Buslness World 
Manorama Year Book 1996,1998 
Power Llne . 
The Econom~c Times 
The F~nanc~a l  Express 
The Observer 

Directories and M~scellaneous Publ~cat~ons 

Commercial and Industrial Gulde, 1996 
Directory of Key Personnel In the Power Supply Industry - 

1997 
Kothan's Industrial Directory of Indla 1996- 97 Kothari 

Enterprise 
Power Pool Arrangements and Economical Load Despatch 

4 
Source Industry & Governinent Reports ACG Models & Databases 
Sources of Informat1on110001Ipt 1 Introduct~on 005 r i a  COI~F Itrng G i r ~  n 



Source 

INDIA POWER & ENERGY DEMAND 
INDIA RENEWABLE ENERGY POTENTIAL 
FRAMEWORK USAID-ACG PROJECT &POLICY STUDIES 

Methodology11000 1 lpt - 2 Methodology 00 1 Asta Consultatg Group 
0 4 







FRAMEWORK USAID - ACG PROJECT & POLICY STUDIES 

ACG will conduct the.two studies synchronously for maximum analytical value 

Project I 
Power 
Project 
Study 

Fundamental 
Analysis 

Project I1 
Powex 
Pol1cy 
Study 

b 

Dynamics of Deliverables 

111 

USAID 
Program 

0 ther 
Agenc~es 
Programs 

Analysls of Dynam~cs of 
Power Project Development 

Analys~s of Key Dnvers 
of Capac~ty Add~tion 

Policy Evolution 
Analys~s of Key Drlvers 

of Pol1cy 

Deta~led Study of USAID - 

Focus o f  ACG Study 
Capaczty Forecast 

- Technology & Fuel 
- Type (IPP vs Captzve) 
- Industry 

111 

Policy Impact 
on Power 
Projects & 
Capac~ty 
Addit~on 

Program EMCAT-RJ ( I USAID Program 1 
Impact on Policy 

. 

1991 c----.) 1995 1996 1997 Project~ons 
Cornpressed 

FOCUS Timeline 

Focus of ACG Study 
Regulatory Reform 
Utzl~ty System Restructuring 
Power Generatzont 
Power Tra~zsnzzsszon f 
R& M of Plants I. 
Finaizclal Resoul ~ e s  for 
Restructu~ zizg & Exparrszon 

Study of Programs of 
World Bank, ADB, IFC, 
OECF 

Source Cllent briefing, ACG Melhodology & ACG Analys~s 
USAIDIc I 10.5 Ilvk 2 Methodology 004 Asra Cons~ilting Group 

t Prrvate Sector 

11' 

Impact of Initiatives 
on Pollcy C b 



POWER PROJECT DEVELOPMENT IN INDIA 1991 -1 997 
POWER PROJECT 17 STEPCLEARANCEPROCESS 
ACG POWER PROJECT SUCCESS RATINGMETHODOLOGY 
N P T r M - T ~ ~ c ~ l ~ c i  &RATING 2,400 POWER PROJECTS ININDIA 
ACG POWER PROJECT & ELECTRICI ry SUPPLY PROJECTION METHOD 
ELECTRICITY DEMAND PROJECTIONS-CEA XVTH SURVEY 
INSTALLED& NEW P ROJCCTS BY FUEL CATEGORY 
NPTTM NEW PROJECTS B Y TY PE 
INSTALLED GENERATION B Y PRIMEMOVERTYPE 
INTEGRATED ASSESSMENT BY ALLTECHNOLOGIES (METHODOLOGY) 
CATEGORY OF ANALYSIS 
CLEAN ~ ~ C H N O L O G Y  FUEL IDENTIFICATION & CATEGORIZATION 
POWER GENERATION B Y TECHNOLOGY 
RENEWABLE ENERGY GROWTHIN INSTALLED CAPACITY 
RENEWABLE SOURCE OFENERGY PROFILES 
SMALL HYDRO PROJECTS DEFINITIONS 
CAPTIVE~COGENERATION INSTALLEDB ASEB Y INDUSTRY & TECHNOLOGY 
HISTORICAL CAPTIVE/COGENERATION CAPACITY BY INDUSTRY (1 973- 1993) 
INDIA BY ELECTRICITY REGIONS 
INDIA ELECTRICITY REGIONS OVERVIEW 
REGIONAL PERFORMANCE& PLANS 
REGIONAL ANALYSIS O~DEMAND VS SUPPLY POTENTIAL 
REGIONAI LOAD DESPATCH CENTER OVERVIEW 
 MET^ IODOLOGY REGIONAL NPTrM STATUS CLEAN TECI-INOLOGIES 
N W M  STATUS CLEAN %CHNOLOGIES BY REGION 
NEW CAPACITY ADDITION FORECAST 
CLEAN TECHNOLOGY SUMMARY 

I1 J 
2 4 C Y 

Source . ... 

Projectsll000 llpt 3 Power Project Study 00 1 Asia Consulting Group z I 



Maktng sense of the callosal dcveloprncnt of projects IS an lrnperatlve 

POWER PROJECT DEVELOPMENT IN INDIA 1991 - 1997 

Power project development In Indta has followed a tumultuous path In the past SIX years Whlle there 1s tremendous apparent acttvlty and pronouncements, t t  1s dauntlng c h d l l ~ n g ~  
to ascertain the status of power projects In the country Lack of a clear understandtng of project development status 1s glant hurdle for pol~cy makers and Industry strateglsis alike 

Ove) 75% ofthe 300,000 MW under d e v e l o p n ~ e ~ ~ t  
falls under the IPP or  Captrve Porver Segn~erzt Statirs as of 1997 

- 
IPP response to prrvate However, a wrde rarrge offactors 350 - 

power partlcrpatrorz has been 
. re lrkely to result rrt htgh project 

atmtron 300 phenonrerral 
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ACG Assessment of 
100 Projects Movlng Forward 

0 
1991 1992 1993 1994 1995 1996 Mld 96 End 96 

Pro ress Based 
Year End jotentlal 

IPP Proposalst 

1 GW 
-8- Number 
tNot Il~cludln Captive 
cogen sratldiY 

New Government 
Projects - 67 GW 
(295 Projects) - 

Source Industry & Government Reports, ACG Models & Databases ACG Analysls 
IPP Project Dev 91 97/1001/vk 3 Power Project Study 002 Cons I* Grc 



Developers need to follow varrallons of the 17 step clearance process to develop a power projeLl In Indra 

POWER PROJECTS 17 STEP CLEARANCE PROCESS 
No Itenr 

1 COST ESTIMATES tl 

2 TECHNO-ECONOMIC CLEARANCE/ 
CONCURRENCE OF CEA t2  

-- 
3 PUB LICA 1 ION t3 

4 WATER AVAILABILITY 

5 SEB CLEARANCE 

6 POLLUTION CLEARANCE WATER AND AIR 

7 FOREST CLEARANCE 

8 ENVIRONMENT & FOREST CLEARANCE 

9 CIVIL AVIATION CLEARANCE t 4  

10 REGISTRATION Or COMPANY 

1 I REHABILITATION & RESETTLEMENT 
(Of drsplaced fam~lres by land acqursrt~ons) 

12 HYDRO PROJECTS (MINI MICRO) 

13 EQUIPMENT PROCUREMCNT 

14 LAND AVAILABILITY 

15 FUEL LINKAGE 

16 FINANCING 

I m 
rn 

0 

Agency Retr~arks 

CEA Requrred under Seclron 29 of Electncrty (Supply) Act, 1948 (WS)Act, 1948 

CE A Under sectlon 30 of Electncrty (Supply) Act of 1948 SCBs State 
Governments, Concerned Mrnrstrres of Coal P~troleum & Natural Gas 
Rn~lwdys S u r l a ~ ~  Transport rnvolv~d 

- 

- 

- 

- 

- 
- 

Power, Dept of 
Econom~c Affa~rs 
Rnanc~al lnstrtutrons 

17 TRANSPORTATION OF FUEL Department of Coal Mlnrstry of Petmleum 8~ Natural Ga 
M r n r s t ~  of Rarhwa~s*  S h r ~ ~ r n g  ' Surface Transpod 

I 

if!! 

@I 

_a'!i 

la4 
a 
Eikl 

@ 

Project Clearancelc l10531vk 3 Power Project Study 003 Asia Consrtltcrrg Group 
I 

-pr 

6- 

optrmurn utrl~zat~on of fuel resources, drstance 
from load centers, transportation facrlrties, water 
avarlabrl~ty and env~ronmental consrderat~ons 
t 3 Schemes to be publrshed rn the Officral 
Garellel local newspapers as the 
company may consldn necLssary along with a 
notlce for at least two months and modrficatron ~f 
any consequent to publrc representatron 
t 4  For Chimney klerght 

Note 14 17 are NUN Srarlrtory Clearar~ces 

6 

CEA 0 SEB 
State Government a Central Govemment a Envrronment Related Agenc~es / Mrnrstry 

State Governments Scctron 29  lau use (2),(3) (4) and (6) ES ALI I948 
State Governments 

1 State Govcmments lntcractron between State Government departments & CWC requrred 
2 CWC R~levant Irr~gatron Act of the State & Ccntrall Water Commrssron 

1 SEB Sec 44 WS Act, 1948 
2 State Government 

- 

- 
- 
- 

Source Government reports, ACG Analysis 

1 Mrnrstry of Water Under relevant ~ c t s  
Resources 
DFTD, CCI&SEf Import & Export Acts 

State Government - - 
Depanment of Coal 
Dept of Petroleum & 

Ndturll Gas 

CEA, Department of 

El 

i@a 

-4 

State & Central Pollut~on Water Preventron & Control Pollutron Act 1974 ArrRrevent~on & Control 
Control Board of Pollutron Act 1981 

I State Government Coordrnatron wrth state Forest Department M~nrstry of Envrronment & 
2 Mrn of E&F Forest (MOE & F) regarding Forest Conservat~on A L ~  1980 

1 State Government As per rtem 6& 7 & Government Polrcy rn Force 
2 Mrnof E&F 

Nat~onal Airport Authonty 

Regrstrar of Companres Under lndran Companres Act 1956 

I Mrnistry of E&F - - 

- 

- 

- 
- 

t 1 Any Power project ~nvolvrng capital 
expendrture exceedrng the lrmlt by Government 
needs to be scrutrnr~cd by CCA for exa~ninatron of 
sdl~cnt f~atures and b~nefits whlcll may accrue 
therefroln 
t 2 By CEA after examrnatron of 
(I) R~ver worksldams to be put up for hydro and 
for water avarlabrlrty for thermal plants (11) 
Greatcst poss~blc cconorlilL output of electnc 
power (111) Transmrssron lrnes and Systems (rv) 
Reasonableness of the Scheme (v) Srte locatron for 

- 2 State Government 

a 
63 

a 

a 



Rat~ng ol d proj~ct t ah~s  Into d ~ ~ o u n t  all aspects dssoclatcd with ,I prcljclt development from the project lnlllation s t d g ~  to the final stage of 
comm~ssron~ng 

- 
High Project wlth 2 
ML~IUII I  or I I I O ~ L  factors 

Rnanclal& Investment 
FIPB Cleqrance (+) 
1'1n in~idl Closui~ A~hicved  (+++) 

Retarded Tied finance (++) 

Unknown Progress Short-l~sted for Flnance (+) 17 Transportation 
Flnanclal Partner Backed Out (- -) of Fuel 

Scrapped Project Partner Finance Sought (+) 
Look~ng for partners (-) 
Developer Bachng Out (- - ) 15 Fuel Llnkage 
Problem w~th  Vendors (-) 

1 Pess~mist~c Developer (-)I 14 Land Ava~labllity 
L I 

13 Equipment Procurement 

Pavment Guarantees 
12 Hydro Projects 

10 Reglstratlon of Company 
Llqurd fuel Llnkage Flnalrzed (+) 

Pro~ect Development 
Plann~ng Stage (-) 
DPR Cons~dercd (i) 
Blddlng On (+) 

9 Clvll Aviat~on Clearance 01 ~ a c l n ~  Fuel ~ u ~ ~ l ~  Problems (-) I 
[ 8 Enwronrnent & Forest Clearance + 

EPC bld process on (+) 7 Forest Clearance 

6 Pollut~on Clearance (Water & A r )  Envtronmental Oppos~tion ( ) 

4 Water Avallabll~ty 

General Progress 
Very New Project (-) 
Not much Development (- -) 
No Report (- - -) 

earances 
2 CEA Techno-Economlc Clearance In-Pr~nc~ple TEC Clearance (i-) 

TEC Clearance (++) 

Sour~c  Industry & Government Reports, ACG Models & Databases, ACG Analys~s 
Project Rating Methodolo~y/cl1054/vh 3 Power Project Study 004 Asra Consultitr~ Gro D 

-=e 



Asla Consulting Groups Natronal Project rrach provldes the mobt comprehensive project tracklng and ratlng i n c ~ h ~ ~ n ~ s ~ n  In India 

NATIONAL PROJECT TRACK - TRACKING & RATING 2400+ POWER PROJECTS IN INDIA 

Role m Ratlng Projects n 

Database Updates 

Primary Research NPT 1s the prlmary platform for 
ACG conducts lntervlews wlth organrzt~~g r~scarch rnformat~on In to 

Developers, SEBs and M~nlstr~es to ratlng crltena 
ascertain the status of projects on an ACG leverages ~ t s  detalled rating 
ongolng basls 

Secondarv Research 
NPT rel~es on over 100 sources of 

lnformat~on that are used to update 
the database at the average 
frequency of 50 updates per day 

 plan^ Typa FWI Sync bplmiy a T O M  b b t  
Pnnmy Fud Fuel Supply Cmtigrsatma T O M  ppstuon 'Bldchn~ On 

an Integral part of the Nat~onal DIW RFP b l p a k h f  

Powcr Model and des~gncd to Parttea S b a b ~ b d  
Dau or wmiplol bi& Lal hlW B d  

support Power Supply Projections B I ~  ~ e c u n t ~  A~~~ PS C I )  IhU 
1 M & M  PPA & / A  

Source ACG Models & D~tabases, ACG Analys~s 
/ Nat~onal Projecl Track11 000 11vk 3 Power Project Study 005 Asta Corisultrttg Croup 
$3 1 



Supply Projections rely on ACG project ratlng crlterla 

ASIA CONSULTING GROUP POWER PROJECT & ELECTRICITY SUPPLY PROJECTION METHOD 

ACG Project Rat~ng Process & Criteria 

r.. .-a- -,U 

D~scussion of Sample Key Issues In the Ratlng Process 

Key lssrtes Details I 

n Ratings Ass~gned 
(For Project Capac~ty Addition 

Success Potential) Projection By Technology 
& Year 

Generation fn-(PLF) E r I  
1 

High 

Medium b - -  - 

Low 

D 
Nil 

Issues regardtng PPA negotiaiions initialled s~gned or under 
revlslon - Escrow mechanrsm securlty & guarantee of PPA payment 

Escrow (Typically cnt~cal for financ~al closure) 
Issues regardrng FSA negotiations initialled slgned or 

Status of the FSA under revisron Fuel Supply assurance and implementatron 
- 

EPC Contractors 
. 

Equipment Suppl'ers 

Important Note 

Brds tenders and Issue of finalizat~on of EPC contractors 
for the project 

Equrpment finalrzat~on (GT ST DG etc) and select~on of 
equipment supplier 

Land Acquisition 1 Land select~on acquisltlon and survey work 

- Techno economrc clearance from [he CEA is the final 

ACG tracks 2,400 e projects and rates pro~ect success 
potential on an ongorng bas~s I 

Frnanc~ng of projects w~lh issues on debt equity and 
F~nanclai Tieup amount of iorergn loan soughb'secured 

Clearance from CEA - 

Potentlafly over 50 factors may be taken Into account rn 
judglng the success potentral of projects I 

clearance a project requires Issues on In princ~ple clearance 
from CEA are also examined for a project in preliminary stages 

The projects rnclude rnstalled projects, new projects 
under all stages of consideration and development I 

Other Key Clearances Clearances from vanous State & Central Agencles 

ACG rnvar~ably conducts Intensive primary research to 
ascertarn the status of projects as often no offrclal 
~nformatron IS avarldble I 
Ministry of Power tracks less than 150 projects & often 

SEBs do not track the status of all the projects I 
Source Industry & Government Reports, ACG Models & Databases ACG Analysis 

Project Rating Methodologylc l 10561vk 3 Power Project Study 006 s P PUP consif lrr*i Cro 



Project~onb are evaluated for two rnaln year ends - 2002 and 2006 

ELECTRICITY DEMAND PROJECTION - CEA XVTH SURVEY 

2 Analysrs of Stare Capacrty MW and Gerterarron 1 
I I 

= Generat~on by Central Projects 
Generat~on by Pnvate Projects F at Average PLF of % - at Average PLF of - % = - 

Total = - MW 

- - 
- Central Projects - 
6 Pnvate Projects 
- - - 
I 

State Projects 

Capacrty 
Total = - 

Year 

Comments 

Demand projectlons are arrtved by talung Into account the demand projections of key state generating entltres 
Central Sector rncludes Nat~onal Thermal Power Corporat~on (NTPC), NHPC, NPC etc as appl~cable 
The total power ~mporl~d by State IS analyzed to arrlve at the share of state In central projects 
Tlie cffe~trve ~ a p a ~ l t y  Idhcs into a ~ ~ o u n l  the generatlot1 ligures at 65 6% PLF, as appl~ed In the 15th Survey 
The addlttonal capaclty requ~red by 2002 & 2006 to meet the demand IS projected In MW 
W~th  most new projeLts belng IPPs, [he PLT's wlll be llrgher essent~ally resulting In lesser capacrty be~ng requtred 

Legends 

-I Energy Requrrement In GWH 

Nuclear 
Others 

Source 15\11 Eleclnc Power Survey of Ind~a, Profile of Power Utll~lles and Non U t ~ l ~ t ~ e s  In Indla - 1997, ACG Models & Databases, ACG Analysrs 
Demand Project~onslcl 10571vk 3 Power Project Study 007 Asra Cortsultrng Group 

s I 



Coal projetts form most of the installed as wtll as new projects und~r  development 

INSTALLED AND NEW POWER PROJECTS BY FUEL CATEGORY 

Hydro 
25% 

Installed Projects by Fuel Category 

Nuclear 
Unknown 3% ,,,, 

Gas 

Total 84,000 MW (approx) 

Coal 
64% 

t 011 Non convenllonal and Others are negligible 

.. 

New Projects by Fuel Category 

Non Conventlonal2% 
Nuclear 2% Others 1% 

Unknown 

011 
Coal 

13% 
43% 

Gas 

14% 

Hydro 17% 

Total 334.000 MW 

Source Natlonal Project Track (NPT)Thf, ACG Models & Databases, ACG Analysts 
Power General~on By TechnoIogy/10001/gl 

\ 
3 Power Project Study 008 Asla Consultcng Group 



New IPP and Captive projects togelher ~onstltule 7070 of the new projects under developme~~t 1 conslderat~on 

NPTTM ( NATIONAL PROJECT TRACK) STATUS. NEW PROJECTS BY TYPE 

1 New Captive Projects 

NPTTM New Projects By Type 

I New Unelass~fied 
R% 

Total = 341 GW 

t New CaptlveICogen Projects are negllgtble 

\lew IPP 
68% 

Analys~s of the captlve projects 
By Industry 
By R ~ g ~ o n  
By T~chnology and Fuel 

Analys~s of Top 10 Industr~es 
By Installed  bas^ 
By Ncw Cnptlve proj~cts 
By G~nerat~on 
By Technology and Fuel 

Ascerta~n number of Projects based on Clean Technology 

New IPP Projects 
Leverage ACG resources to dlfferentlate projects by 

Technology and Fuel 
Survey of the ~dentlfied projects to ascertain the current status 

of these projects 
Ratlng of these projects based on the lnformat~on from survey 

of these project and ACG analys~s, as 
High 
Medlurn 
Low 
NII 

Talung the H~gh  and Medlum rated projects, to assess the 
number of projects l~kely to come up In next 4-5 years 

Of the H~gh and Medlum proje~ts to ascerlaln number of 
proj~cts bds~d on Clean Technology 

Forecast of Projects based on Clean Technology 
By Type (IPP Vs Captive) 
By Technology 
By Industry (Capt~ve Projects) 

Source Industry & Govern~nent Reports ACG Models & Databases, ACG Analysts 
N P F M  StaVc 1 1070/gl 3 Power Project Study 009 - Asra Corisultrng Group 

YJ 
b 



There has been a steady Increase In the thermal-hydro tnstalled capacily ratlo from the year 1974 

GROWTH IN INSTALLED GENERATING CAPACITY BY PRIME MOVERS 

- 
As of March 1996, the share of thermal power In the total installed capaclty IS 72 14% 
The increase In the thermal hydro installed capacity ratlo IS pr~marlly due to the comm~ssion~ng of large super thermal power statlons 
Further hydro projects have been facrng problems related to envlronrnent, land acqulsttion, water sharlng between states and rehabllltatlon - 

Growth In Installed Capaclty by Pr~mer Movers 

2 a 

5 150 

1 
8 

l o o  

Year 

t Thermal Includes Gas, Steam, D~esel and W ~ n d  

Thermal- 
Hydro 

1 Nuclear 

Hydro 

Thennal t 

Source General Revlew Central Electrtcrty Author~ty 1993 94 India s Electricity Industry 1997, ACG Models & Databases ACG Analysls 
1nsta11ed prtrne rnoversll000llgv 3 Power Project Study 0 10 Asta Consttltitzg Group 



ACG will utlllze the following methodology to arrlve at LNG-gas based project r~sk assessment The obje~llve 1s to dssess the rellablllty of h~gh PLFs 
bang agreed on , 

Integrated Methodology/cl l0581vh 
4 

Demand Projecl~on ACG Rated Power Export Potentla1 Assessment 

(Add~t~onal) by Year Supply by Project 
& Technology 

(Non LNG-Gas) 
111 11) Ill* - - Rlsk of Project 

Only iliglr & Backdown 1 Low 
PLFs due to Merlt Mediunl Rated 

Projects are -<  Order Dlspatch 
hlcbded 

LNG-Gas 
Based Projects S~milar demand & supply 

projection analysls is 
conducted for each state 

R&M Program & tvltere power rs belrlg 
Captlve Power reduce proposed to be exported 
the demand that can be 
met by new projects 

Explanat~on 

3 Power Project Study 0 1 1 

Other Technologies a 

Capacity based on 
competltlve 

Domestlc Gas technologies & fuels 
will take precedence and 
hence are sequenced to 
meet stale demand 

Asia Consulting Croup 
I 

The projected capaclty add~tions here are based on ACG's rating 
01 all projects under cons~deration and development in the state 

Only projects wtth High & Medrum success potentla1 have been 
assumed to mater~al~ze by 2002 

Competltlve technologtes and fuels have 'first charge on capacity 
addll~on This vlew IS also supported by ACG's primary survey 
and analysls of SEB's p011cy and plann~ng perspectives 

R&M and Captlve power developments are subtracted from the 
total projected capaclty tequlrement to arrlve at a sound estlmate 
of capacity available to LNG-gas based power generation 

Assumpt~ons 

Capttve projects although not rated may be accorded a 70 % 
success rate due to Guaranteed Offtake Balance sheet 
financing Lower number of clearances required 
- Project amounting to approxrrnately - MW have been 

ldentlfied for R&M 
R&M projects have been assumed to add - to thelr onglnal 

capaclty 

Source Nat~onal Project TrackT", ACG Models & Databases, ACG Methodology, ACG Analysls 



TIlls S ~ I J L  d ~ p ~ ~ t s  ~ I I L  dnd ly~l~  ~ d l ~ g o r ~ ~ s  lor thc ~ d ~ n ~ l l i ~ d t l o n  0 1  p r o j ~ ~ t \  wltli ~ ledn  t~chnolog~es 

CATEGORY OF ANALYSIS 

Con~ments 
Clean te~hnology 1s presumed In the renewable 

energy source except for hydro projects where 
the Impact on the surrounding envlronment has 
to be taken care of 

Clean ~ o a l  teclinology rs now belng put 
forward as a step to reduce the Impact of the 
thermal power plants on the envlronment 

Fuels llke gas and naphtha are belng seen as 
clean fuel technologles 

This analysls will assess the present power 
projects and forecast potentla1 capaclty addltlon 
based on clean technologles 

Category 
Clean Technology 

Definltlon 
Clean technology can be tenned as ' technology used In power generat~on whlch 

wlll have llttle or no lmpact on the envlronment Wlth the growrng awareness of environment 
degradatron the upcolnlng power plants w1l1 have to be based on clean technology whlch focus on 
r~duclng the cmlsslon levels of classlc pollutants ltke carbon sulfur and nltrogen oxldes and trace 
mc~als llke mercury drasllcally It alrrls at extremely clean and virtually free of acld raln pollutants 
em~sslons It also focuses on better efficiency and economy With 50% of the upcomlng power plants 
In Asla berng thermal plants clean coal technology IS being developed and has been ~mplemented 
successfully In plants in Europe uslng the Integrated Coal Gaslficatlon Comblned Cycle (IGCC) and 
Pressurized Flutdized Bed Technologies (PFB) The program has also focussed on upgrading of low 
rank coal by developing process llke ENCOAL's llquld fuel coal process and Rosebud Syncoal 
Partnersh~p's Advanced coal conversion process 

Industry 

IPP/ Capt~ve I 
Cogenerauon 

The ele~tncal intensity analysls by Industry 1s almed at the actual consumptlon of electrlclty W ~ t h  the 
advent of new technologles and the capaclty utlllzatlon of lndustrles changing, 11 affects the overall 
electrical consumptlon by industry and hence affects the demand The analysls will also examlne 
aspects of cogeneration whlch 1s belng focussed on malnly by sugar and steel industnes as an 
alternat~ve source of energy 

Electrlclty analysls wlll hlghllght the energy 
effic~ency In industries 

IPP s are the Independent power producers who establish the power plants w~th  the sole 
alrn of selllng power to others, be 11 the SEB or d~rectly to the consumers 

Captlve power plants are set up by exlstlng tndustrles to fulfill thetr power demands and In case of 
extra generation they sell 11 to the SEB 

Cogen~rallon pl'lnls d r ~  put up by the ~tiduslrlcs wll~re ~ombined general1011  us^ of c l ~ ~ t r l ~ ~ t y  and 
hedt(steam) a p p l ~ ~ a t ~ o n s  exlst Thls IS the area where most of the sugar and steel Industry are focussing 
on as a source of power gerieratlon 

Source Industry Br Government Reports, ACG Models & Databases, ACG Analysls 

V h c a a g o r y  of Analys~rlc 1 1059lgl 3PowerProjectStudy 012 A r --I Con r l tr-n cro n 

The analysis ' by type ' will focus on the 
type of power plants belng established 

Thls analysls wlll be useful to gauge ~f the 
rndustry 1s golng In for captive plants, 
cogLnerdtlon or IPP s for power supply 



Clean Technology based power projects hdve little or no impact on the environment and hence arc berng promoted by varrous agenclcs 
, 

CLEAN TECHNOLOGY FUEL IDENTIFICATION & CATEGORIZATION 

Coal 

Fuel Category 

Petroleum 011 

Gas 

I I 

Specific Fuel 

Bagasse 

Clean Technology 

Coal 
Coal Gas t 1 
Lignite 

I 

Avration Turbrrie Fuel (ATT) 
Diesel 
Furnace 011 (FO) 
Heavy 011 
Heavy Residual 011 
Hlgh Speed Diesel (HSD) 
Light Dlesel Oil (LDO) 
Low Sulfur Furnace 011 (LSFO) 
Low Sulfur Heavy Stock (LSHS) 
Naphtha 
Petroleum Coke 
Residual 011 

Gas 
Liquefied Natural Gas (LNG) 
Liquefied Petroleum Gas (LPG) 
Methane 

Agro Waste 
Bagasse 
B~ogas 
Blomass 
Blast Furnace Gas (BF Gas) 
Solld Munlclpal Waste 

Non-Conventional Geo-Thermal I Solnr 
Trdal 
Wrnd 

Clean Fuel ldent1f1cat1onll0001/gl 

Waste Heat 

Bagassel 011 
Blast Furnace Gas/ Furnace Oil 
Blast Furnace Gas/ Heavy Furnace Oil 
Cod1 Heavy Furna~c 011 
FOI LSHS 
FO/ LDO 
Gas/ Naphtha 
Heavy Furnace 011 (HF0)I Dlesel 
Naphtha1 Blast Furnace Gas 

Fuel Category 

Hydro t 2  

Nuclear 

Source USAID Briefing, ACG Analysis 

Waste Heat 

Clean Technology 

Clean Technology 

El 

Hi 

Legend 

tl Clean Coal Technology - Integrated Gaslficatron Comblned Cycle 
(IGCC) & Almospllerrc Fluld~zed Bed Combustion (AFBC) - have been 
catcgorlzed under Coal Gas - 
t 2  Hydro Projects less than 25 MW are classified as Clean Technology 

t3 Coinbinatlons possible are Projecls wl11ch have Dual Fuel Capablllty or 
Projects with dilferent Turblnes plannlng to use different fuels 

3 Power Projec~ Study 0 1 3 Asla Consultnlg Group 



Coal and hydro are the te~hnolog~es wltll lower ~ o s t  of generatlon, casy avallab~lrty, less pollullng and wllh the advcnt of new clean coal tcchnologles, 
these are the technologres for the future 

POWER GENERATION BY TECHNOLOGY 

Sources of Sub 1 Energy I Category Pollut~on aspects I Project Cost 
(per MW) 

Renewable 
Energy 

Hydro Conventional hydro power projects are of 3 types run of the nver type, slngle Impact on envlronrnent with respect I RS 6 Cr /MW I 
purpose hydro eleclrlc project wlth rcgulatlng storage and multl projects with to lnundatlon of land and selslnlc zones 

1 Wlnd 

regulating storage having hydro power ?s one of  he components (vlz rrr~gdtlon) 

r 

Solar 

posc a major hurdle ~n the hydro plroject 
r rnplemenlatlon 

Wlnd power generatlon requlres a wlnd electr~c generator The grld connected wlnd 
electrlc conversion systems are the most promlslng Wlnd farms appear to be the most 
feasrble and cost effectlve for supplementrng the conventional means of power 
generltlon on a large scale 

There are 2 techn~ques available for cotn~nerclally vlable solar power plant 
- Solar Photovoltelc Cell energy system 
- Solar thermal energy system 

W~nd belng a clean source of fuel 
poses no envlronrnent problems 

- - 

Solar energy 1s belng used and there 1s 
no degradation of envtronment 

Non 
Renewable 
Energy 

011 or gas fired wlth gas turbines, open cycle gas turb~nes based on 011 or gas and Gas 1s one of the clean fuel in the non- Rs 77 Cr /MW comblned cycle wlth waste heat recovery bollers and stearn turblnes renewable energy source category 

Coal Existing thermal power plants are Coal fired with steam turblnes and clean coal 
technology uslng Integrated coal gvsllicatlon comblned cycle, pressurized fluldlzed bed 
technology and ultra super crlt~cal pulvcr~ded coal technology IS being put forward to 
reduce the envlronmenlal lrnpact of the thermal power plants 

Nuclear 

Resldual 011s 

t Note Cost / MW denved from average figures In National Project Track 
Source Industry & Government Reports ACG Models & Databases ACG Analysrs 
Power Ceneralron By Technology/c11060/gl 

-!I 
3 Power Project Study 0 14 Arra Co~lsultr*~p Gnn n 

Extstlng technology results In 
problems in dlsposal of fly ash and also 
the pollutron caused by emrssrons of 
sulfur and nltrogen oxldes - 

I Naphtha I 

Heavy water reactor technology with use of natural uranlum was preferred to llght 
water and magnet reactors In Indla due to 11s technological and economlc advantages 

DG sets or large gas turblnes based on open cycle or comblned cycle wlth waste heat 
recovery hollers and steam turblnes are used for power generatlon 

Naphtha fired wlth gas turblnes open cycle gas turblnes based on naphtha and 
combined cycle w~th waste heat recovery bo~lers and steam turblnes 

Naphtha belng a clean fuel 1s an class Rs 3 03 Cr m W  
I explosive I 

Nuclear energy poses probleins wrth 
the d~sposal of contaminated waste 
wh~ch 1s dumped or buned In the sea or 
land 

Resldual fuels are one of the maln 
sources of pollution resulting In 
emlsslons of Carbon dl oxlde SOX and 
NOx gases 

Rs 4 25 Cr /MW 

Rs3  17Cr/MW 



There was a considerable lncreasc ~n the rnstalled capacrty of rcncwahlc cncrgy sources 111 the c~ghtli five year plan prtmdrrly due (o ilie Lapacity add~lror~ rn 
the wlnd bdsed power projects 

RENEWABLE ENERGY GROWTH IN INSTALLED CAPACITY 

Non convent~onal energy sources whlch can generate gr~d-qual~ty power are Blomass, Wlnd, Small Hydro Power, 
Solar Photo Voltaic Power, Solar Thermal and Energy from Urban, Munlclpal and Industrial Waste 

- 

Growth In Installed Capacity 

1,000 Hydro (Up to 3 MW) 

800 
Solar PV 

F Wind 8 600 

400 

200 

0 

Total Installed Capaclty (Renewable Energy) 

14007- 
Solar Photo voltaic 
Biomass 

Small Hydrot 

- 
Eighth Flve Year Plan Perlod 

t As per officlal definltron hydro 
projects under 15 MW are 
colisrdered as snlall hydro projects 

r 

The aggregate lnslalled capacity based on renewable energy sources 1s approxlmately 1340 MW of wh~ch 67% IS 

power generated from wind 
Total lnstalled capacity based on Waste N ~ a t  from Urban and Municipal Waste as of 3 1 March 1997 1s 3 75 MW 
Projects aggrcgatrng to 90 MW are in the p~pclrne 
There are two den~onsrrat~on solar thermal power projects In the country aggregating to 70 KW 

Source Annual Report MNES, ACG Analysis 
renewable 1nslalIed110001lgv 3 Power Project Study 015 

%A Asia Cottsulrtng Group 
I 



In w111d L I ~ L I ~ Y  ~ L V L I O ~ I I I L I I ~  lndld IS tlilrd in  t h ~  woild wlt11 YO0 M W  ol ~nstdllcd Lapa~lty (As of Mdr~ll 1997) 

RENEWABLE SOURCE OF ENERGY WIND 

Tncentlves prov~ded by Government for Wind Projects 
100% deprec~at~on benefit In the first year of installation 
Sales tax benefit In certaln states 
Zero Import duty on c r~ t~ca l  components 
In addltion to these inccntiv~s d~fferent slate government offer Incentives to promote wlnd based 

powLr gcner~itlon 

Overv~ew E ~ g h t h  PIan(1992-97) Target and 
The current programme to harness wlndpower In Indla glves high prlonty to development of wlnd farms Outlay to W ~ n d  Power Ach~evement (8th Plan) 

on a large scale In the prlvate sector Pro~ects 
The role of government 1s to aLt as a facilitator and to focus on pol~cy legtslatlon testlng and standards 

Key Developments 

tra~nlng and education 100 1000 

Promotional and fiscal lncentlves are be~ng prov~ded which lncludes 
- Tax concessions such as accelerated depreciation, tax llolldays for power generailon projects, soft loans 800 

customs and exclse duty rel~efs lrberalized 

Est~mated Potentla1 3 600--- 
Indla has a wlnd power generatlon potentla1 of over 20,000 MW 5: 

40 400 

Installed Capacity 
Grld quallty power generatlon from wlnd had considerable growth In the 8th Rve year plan 

20 200 

Wlnd power lnstalled capaclty as of September 1997 1s 925 MW 

Wlnd survey programme was inittatcd In 1985 
A Wlnd Energy Centre set up at Nat~onal Aeronautical Laboratory, Bangalore to 

provide technological Inputs 
The first Wlnd farm in tlie country was set up In January 1986 near Mandvi 111 tlie 

Gulf of Kachchh Gujarlt 
Comprehensive wlnd resource assessment program undertaken comprlslng of 

w ~ n d  rnonltorllig and wlnd mapplng In several StateslUnion territories 
World Bank fields an Economlc Feaslbillty Mlss~on to develop bankable projects 

aggregating to 75 MW in Tam11 Nadu 

- 

-- 

-- 

- 

2,000 m w  through wlnd farms In the nlnth 
plan, lnvolvlng an Investment of R s  8,000 
crore 

Approximately 50 MW of the total ~nstalled w~nd projects are demonstrat~ve projects -1 0 8th Plan 0 ,  Target Aclilevement - b  

To attract pnvate sector 
generatlon, states such as Tam11 
Nadu and Gujaral introduce 
promotional lncentlves 

MNES revises its pol~cy for wind 
power generatlon programme 
Polley to aim at commerc~allzat~on, 
predominantly In the pnvate sector 

The government 
1s largetlng an 
add1ttonal2 000 
mw through 
wind farms In the 
nlnth plan, 
~nvolvlng an 
Investment of Rs 
8,000 crore 

L 

Source Annual Report MNES ACG Analysis 
windllOOOllgv 3 Power Projecl Study 0 16 Asra Co~uultrnq Gnwin 



Total Installed clean technology' (based on USAID defln~t~on of C I L ~ I I  technology) small hydro projects arnounts to 650 MW 

SMALL HYDRO PROJECTS DEFINITIONS 

r 

Small Hydro Project systems are generally of two basrc types "run of the river" and "canal fall schemes" 
The official definit~on of Small Hydro Projects in Indra IS " Hydel projects under 15 MW" 

Hydel projects up to 3MW capaclty come under the purvlew of 
M~nistry of Non-Conventional Sources of Energy (MNES) 

I Small hydro projects above 3 MW are dedl t by Mllllstry of Power 

USAID categorizes hydro projects under 25 MW as "clean technology" 

Growth In Installed Capac~ty (SHP Up to 3 MW) 

160 T 

Source Annull Report MNES ACG Analys~s 

Installed Capac~ty of Hydro Projects by MW Category 

MNES Mlnlstry of Non Convent~onal Energy Sources 
SHP Small Hydro Project 

700 

600 

500 

400 

300 

200 - 

100 

0 

3 Power Project Study 017 

- 650 MW 

-- 

-- 

-- 

-- 

-- 

I 
Installed base of SHP ~alegorlzed 
as "clean technology" by USAID 

320 MW 

141 MW . 

I I I 
I I 

- 



Agalnst the Elghth plan target for SHP projects of 600 MW the actual a~hlevement In terms of lnstalled capaclty was only 60 MW 

RENEWABLE SOURCE OF ENERGY SMALL HYDRO 

Overv~ew Five Year Plan Allocation for Small Hydro (Rs Crore) 
Small Hydro Power (SHP) technology was ~ntroduced In India In 1882, and the first SHP plant was 

commlssloned In Darjeellng In the year 1887 
According to officlal definltlon small hydro ~mplles hydel projects under 15 MW 600 
Soft loans are ava~lablc from IREDA for these projects 
Other fundlng agencles llhe IFCI, ICICI and REC also provldes financing for these projects 
In addltton to central government ~ncent~ves several state governments have announced pollces to support 

Small Hydro Projects, wll~ch lncludcs allowing wheeling & Banklng th~rd party sale and buy back of power 
by SEB's 

Three states wh~ch have been actlve In developing small hydro projects are Andhra Pradesh, Kerala and El 
Uttar Pradesh 9 300 

Est~mated Potentla1 
Approximate potentla1 of small hydro projects 1s estimated as 10,000 MW 

Installed Capac~ty 
Total installed capaclty of projects under 15 MW amounts to approximately to 320 MW lo0"lail 0 
As of March 1997 the Installed base of small hydro power projects under 3 MW 1s 141 MW 8th Plan 9111 Plan 

A capacity of 60 mw was commlss~oned d u r ~ n g  the Elghth Plan 
against a target of 600 mw . 
Bulk of the projects sanctioned during the Elghth Plan are llhely 
to be comm~ssloned dunng the frrst two years of the Nlnth Plan 

Key Developments 

The responsib~l~ty for developing ml~ro/rnlnl hydel projects MNES rev~ses ~ t s  target for the 8th MNES lntrodu~es an A five-lold lncrease ~n 
(< 3 MW) transferred from Department of Power to Department plan lo 600 MW for Small Hydro Power Interest subs~dy scheme In the outlay for small 

of Nonconventlonal Energy Sources III early 1989 Projects the year 1995, ~n place of hydro power 1s 
World Bank Pre-Investment Survey of small hydel schemes World Banh I~ne of cred~t of US $70 cap~tal subs~dy scheme The envisaged in the Nlnth 

lnitlaled nlrlllon made avatlable to IREDA to scheme ~nvolves an lnterest Plan It 1s llkely to be 
Department of Non~onvent~onal Energy Sour~es plans to add provldc soft loans lor a total Lapa~lty of subsldy of up to 5% for SHP about Rs 51 1 crore 

200 MW capaclty through small hydro projects durlng the Elght about 100 MW, to prlvare developers for projects financed by compared to Rs 100 
five year plan settlng upto 15 MW capaclly financial rnstrlut~ons crore rn the E~ghth plan 

I 1 I + 
1985- 199 1 1992- 1993 1994- 1995 1996- 1997 

Source Annual Report MNES, ACG Analysls 
small hydc1/10001/gv 3 Power Project Study 0 18 
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Over 35,000 solar photo voltarc system aggregating to about 28 MW havc bcen rnstalled In the country 

RENEWABLE SOURCE OF ENERGY* SOLAR 

Overvtew Solar Thermal Power Plants 
Grld qualrty power can be generated from Solar Photo Voltarc and Solar Thermal Energy 
Grld rnteractrve solar photo voltarc power projects aggregatlng to 810 kw have so far been rristalled 
Another 560 kw capacrty was under lmplementatron 

Esttmated Potentral 
Approx~mate potential of solar energy IS est~mated at 5 x 1015 Kwh 1 y 

The government of Rajastllan has chalked out plans 
to set up solar thermal power plants In the state 

Tlie Govcrri~ncnl lias s~gned a l c t t~r  ol lnlcnl In 1995 
wrtll Energen Inlernatronal, a Srrlankan led 
consortrum, to burld a 140 MW solar thermal 
cornblned cycle power plant In Mathanla Thls project 
rs getttng a financ~al atd of $49 mlllron from Global 
Environment Facll~ty 

The current configuration of the plant is a solar field 
Installed Capac~ty of 40 MW, a conveni~onal cornb~ned cycle of 60 MW 

Over 350,000 solar Photo Voltac system aggregatlng to about 28 MW have been installed In the and waste heat recovery of 40 MW 
country There has not been any progress In this project even 

A solar thermal power plant of 50 KW capacity was commrssloned at thc Solar Energy Centre, though a PPA was srgned rn 1996 
Gwal Pahar~, Gurgaon as an R&D facllrty In Aprrl 1989 

Ihrs l"all~ly 1s t h ~  only onL of tta hind dv l ~ l d b l ~  111 t h ~  country rind A m  

F~nancial Support Pattern 
MNES prov~des subsrdy for Small Solar PV Power Plant, whrch 1s 50% of the ex-works cost, subject to a mdxrrnum of Rs 2 0 lakh / KW 

Key Developments 

A solar thermal power plant of 
50 KW capaclly commrss~oned 

Tcaslhtlrty study for a 30 MW 
Solar thennal power plant near 
Jodhpur in Ryasthan prepared 

Proposal for settrng up of the 
30 MW Solar tl~ermal power 
plant 1s undcr appralsdl for 11s 
techno econolnlc viabll~ty 

The centre IS plann~ng rntenstve use of 
solar energy to ensure contrnuous power 
supply In thc Nrat11 Plan Tllc mrarstry of 
non-convent~onal energy plans to 
commerc~alize and devclop 
entrepreneurshrp rn the renewable energy 
sector (1 997) 

Source Annual Report MNES, ACG Analys~s 
solar11 OOOllgv 3 Power Project Study 0 19 Asla Corrsulrrng Group 
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lnspl t~ 01 ln~~ntlvcs t h ~  ~otdl blom~\s  cncrgy pokntral tapped (for eI~ctr1~1ty gencral~on) 1s less than 1% 

RENEWABLE ENERGY SOURCES BIOMASS AND WASTE HEAT 

Overvlew Pinanc~al Support from MNES for Blornass based power generat~on 
The bromass power generatlon acllvlty of the MNES comprises of 

(I)  Bagasse based cogeneratron (11) Bromass combustron based powcr generatron and 
(111) Grld lnteractrve bromass gas~fier based power generatron 

Eshmated Potentla1 
Approx~mate potentla1 of Blomass power 1s 17,000 MW and that of Power from 

Urbdn and Munrclpal wasles is 1700 M W  

Installed Capaclty 
Up to March 1997 the ~nsralled capacrty of power projects based on blomass and 

Urban and Munrcrpal Waste are 83MW and 3 75 MW respect~vely 
Projects (Waste Heat) aggrcgallng to 90MW 1s under lrnplernenlatron 

7 

1 Biomass Combusl~on Based Power MNES prov~des 
(I) Caprtal Subs~dy for Taluka level Btomass based power plant (1MW and above) 
(11) Interest Subsldy for capttvc projects (2MW and above) 
(111) lnl~r~11 Subsrdy lor fldd bdscd projc~ls (2MW ,u~d dbovc) 

2 Bagasse based Co generation 
(I) Cap~tal Subsldy In Cooperative and Publlc Sector sugar m~lls 
(11) Caprtal Subsldy In other sugar mllls 
(111) Interest Subs~dy for projects of surplus power generatlon capaclty 

3 Blomass Gas~ficatron 
(I) Substdy for blomass gaslfler for v~llagc electrlficat~on (75% of the pro~ect 
cost) 

Key Developments 

DNES ~ntens~fies R&D rn development Natlonal Programme on Bagasse-based 
and utllrzatron of gaslficatlon Cogenerat~on was launched rn January 1994 
iechnologles (1990) Andhra Pradcsh announces pollcy for promoting 

A progrdmmc rnlr~atcd lo recover energy generatron of power from blomass projects (1994) 
from agricultural resrdues and lnduslr~al and Maharashtr~ Government Issues formal notrf~callon 
munlcrpal wastes MNES launches a Natlonal Programme wlth vrew to 

Efforts Lo enLourage ~ogenerallon of promole approprratc te~llnologres for rmprovrng waste 
power rn sugar m~ll by usrng bagasse from management practlccs In [he counlry The duratlon of 
sugarcane (I 99 1 ) [he programme 1s two years (1994) 

Pllot plant for development of Nat~onal B~oenergy Board (NBB) has been set up rn 
cogeneration lechnology taken up In Tarn11 the MNES for development of b~oenergy In the 
Nadu (1 992) country (1 99.5) 

A comprehens~ve pol~cy on non-convent~onal energy, 
spelllng out the role of the govt, ~ndustry, the non- 
government organlzatlons, research lnstltutes and the users, 
1s belng finallzed by the governmcnl and IS expected to be 
announ~ed shortly ( 1997) 

The Haryana government on Fr~day cleared a new pollcy 
to attract prlvate Investment In the non conventional energy 
sector The pollcy promlses financial Incentives to prlvate 
entrepreneurs (IPPs) for settlng up projects based on non 
convent~onal sources of energy l~ke solar, wind, btomass 
cogeneratlon mlnl or  small hydro and waste recyclrng 

Source Annual Report MNES ACG Analysrs 
bromass/10001/gv 3 Power Projecl Study 020 A s ~ q  Cons I t t -  0 Grol 



Iron and Steel, alumin~um and textlles ~nduslnes constltute 35% of the lnstalled base of capttve I cogen plants In  ladla 

CAPTIVE/COGENERATION INSTALLED BASE BY INDUSTRY AND TECHNOLOGY 

Capt~vel Cogeneratlon Installed Base by Industry 

J u l ~  2% Oth~rs 5% 
Automobiles 2% 

on & Steel (P) 13% 
Elec 

Iron & 
Miscell Aluminium (P) 

12% Non Ferrous 3% ;m 

M~neral 011 & Petroleum 
7% 

Cement (P) 

7% '.:ti? 
-L . . . . . -. . . P-" Sugar 

Total 10,500 MW 

t Others constltute Rubber, Collieries, Food 
Products, Alum~n~um (S) and Cement (S) 
t Plastl~ & Mlnlng & Quarrying drL neglrgrble 

Capt~vel Cogeneratlon Installed Base by Technology 

Total 10,500 MW 

1. Wlnd and Hydro projects are negl~glble 

Coal based plants are   he preferred mode for power generaaon by captlvel cogeneration plants 
Installed base In Iron & Steel , Alum~n~um and textile sectors account for 35% of the total captive1 cogeneration 

base of Ind~a 

w 
Source Industry & Government Reports, ACG Models & Databases, ACG Analysis 
installed Base by Industry & Technologylcl l062/gl 3 Power Proje~t Study 021 Arra Consufdw Groan 



The capacity additions started to rise In the early elghties with Iron & Steel (P) Alumin~um (P) and Textile industries forming the myor scginenl 

HISTORICAL CAPTIVE / COGENERATION CAPACITY BY INDUSTRY (1973 - 93) -- - 

Iron & Steel(P) 

Alumlnlum(P) 

T ~ x t ~ l e  

Sugar 

Fertlllzer 
Chem~cals 
Cement(P) 
Min 011 & Pet 

Paper 

Non-Ferrous 

Years 

Iron &Steel (P), Alurnlnium (P) and Text~les constitute 36% of the total installed generallon in 1993 
Non ferrous and Chemlcal s sector have ~ncreased the~r capacities by over 90% since 1973 
In the past 5 years Non ferrous and Alum~nium (P) have shown an ~ncrcase in capacltles by over 40% 

J 

f (P) denotes prlrnary rndustry 

k.d Source Industry & Government Repons, ACG Models & Databases, ACG Analys~s - - - - - 
vy Hlstoncal Captrve/Co~en Caparlr fcl106"a1 
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l nd~a  1s d ~ v ~ d e d  ~ n t o  5 electr~c~ty reglons w ~ t h  Reg~onal Electr~c~ty Boad's charged w ~ t h  the respons~blllty of coord~natlng the o;eratlon of power supply 
In the~r  respective reglons 

INDIA REGIONAL ELECTRICITY BOARDS 

Installed Capac~ty  By Reglon 

Total = - 85 GW 

t Lakshdweep & Mlnlcoy Islands & Andaman 

Northern Regtort 
Dell11 
Haryana 
H~machal Pradesh 
Punjab 
Jammu & Kasl~mlr 
Rajaslhan 
Uttar Pradesh 
Chand~garh 

Western Regron 
Gujarat 
Madhya Pradesh 
Maharashtra 

Dadra & Nagar Navel1 
Daman & DIU 

North Eastern Regron 
Assam 
Meghalaya 
Arunachal Pradesh 
Man~pur  
Tr~pura  
Mlzoram 
Nagaland 

Eastern Regron 
Blhar 
West Bengal 
Orlssa 
S ~ k k l m  
Andaman & N~cobar Islands 

electnc~ty regtons In the early slxt~es 
Reg~onal Electricity Boards were 

Soutltertt Regton 
Andhra Pradesh 
Karllataka 
Kerala 
Tam11 Nadu 
Pondlcheny 
Lakshdweep & M ~ n ~ c o y  Islands 

Islands are not members of the~r  respecttve regional g r ~ d s  

establrshed as assoclatlons of the 
constituent State Electnc~ty Boards and 
other power organlzatlons 

Reg~onal Electr~c~ty Boards were 
promoted to develop a nat~onal gnd 
thereby ensunng optlmum ul~l~zat~on of 
the nat~onal resources and to operate the 
electrical lndustry In the most economlc 
and effic~ent way after recogn~zlng the 
l~rn~tat~ons of the state as a spat~al unlt of 
power plannlng and operation 

w 
Source Profile of Power U t ~ l ~ t ~ e s  and Non Utrl~t~es ~n Ind~a  - 1997, Industry & Government Reports, A C C  Models & Databases, ACG Analysls 

b 

lnd~a by Electnc~ty Reg1ons/cl1064/gl 3 Power Project Study 023 A eta Co~t~rrltina Grotln 



West~rn ~ n d  Eastern reglons 7re predolnlnantly thermal based reglons 

INDIA REGIONAL ELECTRICITY BOARDS 

Northern Reglor1 
Hydro electrlc resources are mainly located In the 

states of Jammu & Kashmtr Hlmachal Pradesh and 
parts of Uttar Pradesh 

The region has hydro clcctr~c potential of 30 GW 
and only 25% has been developed so far 

Coal deposlts are located malnly In south eastern part 
of Uttar Pradesh 

North Eastern Reglon 
The reglon has 37% of the total hydro electnc 

potential of the country 
The region has a hydro electrlc potentlal of 3 1 GW 
Coal deposits have been found rn Assam and 

Eastern Reglot1 
The r~glon has 6% of the total hydro electric 

potentral of the country 
The reglon has a hydro electrlc ~otent~al  of 5 5 CW 
The reglon has about 70% of the total coal depos~ts 

Western Regroll of the country in the states of Blhar, Orlssa and West 
The reglon has Inadequate hydro electr~c resources Bengal 
Coal depos~ts are rnalnly located In Madhya Pradesh 

and parts of Maharashtra and llgnlte deposlts are 
located malnly In Gujarat Sorcther~z Region 

Hydro electnc resources are located In Karnataha, 
Kerala, Tam11 Nadu and Andhra Pradesh 

Thc r~g lon  has d hydro electr~c po t~nt~a l  of 6 GW Legends for the Bars 

Bars represent the Thermal Hydro ratio In the reglon Coal deposrts are located matnly In Godavarl Valley Thermal 
and llgnlte deposlts at Neyvelr 

Numbers wlthln the Bars represent the % Capaclty In the reglon 
Hydro 

. Source Profile of Power Ut~llties and Non Ul~lltles in  India 1997, Industry & Government Repons ACG Models & Da7l)ares A Anolvclc - - - - - - - - - - -- n 





The demand as % of the projects under development glves the % risk associated w~th  the reg~on's new projects 

REGIONAL ANALYSIS OF DEMAND VS SUPPLY POTENTIAL 

( North Eastern 

Western 

Figure represents 
"Factor of Over 
Development" 
relatlve to Demand 
Project~on 

Installed Capaclty In MW In 1997 
Melhodology 

Demand Project~on of the reglon as % of Total MW 
Under Cons~deratlon 1 Development In the reglon 

The Black porllon represents success rate requlred of 
projects under devclopment / cons~dcrat~on requ~red to 
meet thc demand projection 

1 

w 
Source Nat~onal Project Track'" 15th Electr~c Power Survey of Indla ACG Models & Databases ACG Analv IS - -  - - - - - - - - - - - - - - - 

The Ir~stalled Capac~ty by Reg~on 1s 
denved from NPTTM 

The Peak Rcqu~rement In the reglon 
for year 2006 1s sourced from the 15th 
Annual Power Survey 

The Total MW under cons~derat~on / 
development 1s denved from NPT TM 22 January 1998 



RLDC s do not follow merlt order dlspatch Presently, scheduling 1s bang done for Central sector ut~lltles 

REGIONAL LOAD DISPATCH CENTER OVERVIEW 

Itegional Electrlc~ty Board 

Reg~onal Electrlclty Board 

Chalrman of the 
Represent~ng SEBs 
(1. one of the 
Cha~rman then IS 

elected as the 
~halr~nnn of tlic REB) 

Representatlvcs of 
Generating Agencles 
(t not e l~g~ble for 
appolntment as 
chairman) 

Regronal Load Drspatcli Centers 

Set up In 1962 by Government of Ind~a for coordlnat~on In the area of power 
system planning and opcratlon 

Mdln fun~ti011 IS ovcrclll grld indnagcmcnl 
Operating ann of the Reglonal Eleclr~clty Board 
RLDCs 1111 reccntly were staffed and funded by the Central Government and 

funct~oned under the overall guldance and control of the Reglonal Electricity 
Board 

The RLDCs have now been transferred to the Power Grld 

Powcr Gr~d Corporat~on of India L~m~ted 

Operating Practices 

Regronal Clectrlclty Boards dre presently 
respons~ ble for scheduling and drspatchrng the 
reglonal power system whlch Includes maintenance 
schedules, seltlng of tarrffs for Inter agency power 
transfer and bllllng 

Load Despatch Center s are the baslc prerequlsltes 
for economlc despatch of power between Regions1 
States and cffectlve on-line gnd management of 
Reglonal '~nd Natlonal Power Grids 

At prcsent RLDCs are not schedul~ng all the power 
statlons In the region 

Scheduling IS being done for central sector 
generating stattons only and many of the state's 
generatlng statlons are belng left out 

SLDCs are worklng ~ndependently and thelr power 
stauons arc not directly conlrollcd by the RLDCs 

Ca~l i  statc In a reglon operates as a Independent 
control area although state gr~ds are connected by 
central transmission networhs and Inter stale llnks 

At present, [here 1s no standard methodology and 
procedure for overall merlt ordcr operation bang 
followed 

Appropriate system for determlnlng the prlonttes 
for generation amongst d~fferent generatlng statlons 
1s non-exlstent 

Southern North Eastern Eastern Western Northern t Reglonal Load Despatch Center (RLDC) 
RLDC RLDC RLDC RLDC RLDC 1. State Load Despatch Center (SLDC) 
( 1994) ( 1995) ( 1995) ( 1996) ( 1996) t Reglonal Electr~c~ty Board (REB) 

t State Electrlclty Board (SEB) 

t Numbers In bracket represent the year of transfer of Reglon's RLDC to Power Grld Corporatton of Indla 

'f; Source Industry & Government Reports. ACG Modelr & Databases. ACG Analysis . 
RLDC Ovcrview/c1106Rlgv Rr gI 7 Power Prolr~t 91utly 027 * I t  I rl),, ,,ol P 



The methodology takes into account all projects including capt~velcogenerat~on projects llkely to rnatenal~ze by 2 0 2  in the final analysrs 

METHODOLOGY RE 

I Clean technology based projwls are hydro, gas naphtha based projects 
Projects which use Clean coal technolog~es like Integrated Coal Gasllicatlon Comb~ned Cycle (IGCC) 

and Pressurized Fluldlzed Bed Technolog~es (PFB) are classified as projects based on clean technology 
Projects based on renewabl~ sources of energy - wlnd & solar are also clean technology based projects 
National Project TrackTh1 tracks 2,400t projeca lncludlng CaptivelCogenerat~on projects in  the country 

W *  * h - u  F *  J u L . n * h n u l  k m u h .  I I W M W W  * h., u.-lb. *, 

WESTERN REGION NmM STAT ~ E A N  TECHNOLOGIES 
Projected Capac~ty addlt~ons are based on 

ACG s rat~ngs N r P m W  Undm Dcnbprnt 

Only projects with Hlgh and Medlum 1 nuom 8, T y p  

success potentla1 have been assumed to 
materialize by 2002 fir USI s~ rud 

Classrfication of the High and Medlum 
rated projects by Fuel type IPP, Government etc in 

Identification of projects based on clean Wal B d m  

technology ClunTahmbg cr 

Capt~velCogeneratlon projects although not 
rated may be accorded a h~gh med~urn 
success potent~al due to 

Guaranteed Offtake 
Balance sheet financing - Lower number of clearances requlred 

Classificat~on of the Capt~veICogenerat~on 
projects by Fuel Type 

Identlficat~on of projects based on clean on clean technology l~kely 
technology 

- 
Source National Projecl TrxkTM, ACG Models & Databases. ACG Analysls - - - - - La-thodnl P ~ Q ~ c  ' p ' ~ 7 n "  1 - 1 l 1 



Northern regron may add 3,091 MW based on clean technolog~es by the year 2002 
, 

NORTHERN REGION NPTTM STATUS CLEAN TECHNOLOGIES 

By Srcccess Potentus1 
(Exclltdrng Captive/Cogeneratzo~t Projects) 

Unknown 

N1l 
60 000 

/7t 1 
20,000 - Gas Projects Based 

Hydro Technology 
10,000 

0 .. 
New Caprrve and Cogen 
Projects by Fuel 

Not finallzed 
a Blomass 

CoalIPOL 

t l Negligible Non-Convenl~onal 
(442 MW, 7 Nos ), Nuclear (440 
MW, I No ) and B~omass (1 2 
MW, I No) 

Projects Based 
POL on Clean 

Technology 
t Nerrl~n~ble Waste Heat f Y  
Non Convent~onal and 
Unknown 

Projects 

New Projects under Development 
Projects Based on Clean Technology / Conszderatzon by Project Type 

5,000 T 1 

t Blomass (12 
MW negltgtble) 

& Unclass~fied New 
Cogenerdl~on New 

4%(66) t  '%(I5) 

Government 
New 

30% (55) 

IPP New 
65% (400) 

ased on Clean Tech 

MW = 3,091 MW, Proje 

Coninients 

Wasle Heat & 

Total projects under development I 
cons~derat~on In the Northern reg~on amount 
to 75,440 MW 

Total number of projects based on clean 
tcchnologles amount to 3,091 MW whtch 
equals 4% of the total MW of the projects 
under development 111 thts region 

18 March 1998 

Source Nattonal Project Track (NPT)Thf, ACG Analysts .t Numbers tn parenthes~s ~ndlcate the number of projects 

A Northern Region1 10001/Jsa ""3 
3 Power Project Study 029 Y q C p  c 1tr;to Prn r 



Western Reg~on has 73 projects based on clean technologies aggregating 2 600 MW under d~velopmenU ~onsldcral~on 

WESTERN REGION NPTTM STATUS CLEAN TECHNOLOGIES 
- 

80 000 New Projects By Success Potentral 
(Excluding Captrvel Cogenerat~on projects) 

Unknown 

New Projects Under Development/ 
Conslderatron By Type 

New Unclass~ficd 

H~gli & Mcdlunl Rated 
Projects By Fuel New Governmen 

Total - 78,250 MW (372) 

Rnallzed projects negllg~ble 

Comments 

Source Natronal Protect Track (NPT)Thf, ACG Analysis - - - - - -- 

Total projects under developmenif 
constderatron are 372 projects aggregatlng 
78 250 MW 

Total number of projects based on clean tech 
amourlts to 2,603 MW whlch 1s 3% of the total 
projecls under developmenif conslderatlon 



Southern reglon has 2 19 projects based on clean technologies aggregaung to 6,735 MW under development/ cons~derat~on 

SOUTHERN REGION NPTTM STATUS CLEAN TECHNOLOGIES 
- 

New Projects By Success Potentla1 
1 ,20,000T (Excluding Captive/ Cogenerat~on projects) 

Unknown 

Protects Based on Clean Tech 

New Projects Under Development/ 
Conslderatlon By Type 

New Unclass~fied 
NII 8 2% (50) 

b 
New Captlvel 
Cogenerat~on U 
44% (116) 

k Ln nnn 
Low .. n 

Hrgh & Medrum Rated I 
Projects By Fuel I 

. . I 
I 

I 
Hydro Projects Based on 

20,000 
OaS Clem Technolog~cs 

Med~um POL I 

Non Convent~onal IYeW bovernmenr 
20% (97) 

New 
67 4% 

Total - 1,22,520 MW (698) 

t 1 Non Convent~onal, Nuclear Not r~"allzed TIUJGLLS D i l S C U  UII L I T  

& Ulon~ass based projects negl~g~ble = 6,735 Projects = 219 

Projects Based on Clean Tech 
New Captnd Cogenerat~on projects By Fuel Comments 

6,000 T I 700T 
I 

IPP 
(435) 

Total number of projecls based on clean tech IS 

Source Nallonal Project Track (NPT)T"', ACG Analysls t Numbers ~n parenthes~s ~nd~cate  the number of projects 
So~~thern Reelon NPT Srt1tuc~100011al 

I 
'3 Po cr Pro~cct C;t~trlv 01 1 rc  I ,  P 



Eastern Region has 33 projects based on clean technologres amountlng to 407 MW, which are expected to be comm~ss~oned by 2002 . 

EASTERN REGION NPTTM STATUS CLEAN TECHNOLOGIES 
. 

New Projects (Exchding Captive and 
Cogeneratron projects) by Success Potentral New Projects Under Developmerit / Consrderatron 

Projects based on Clean Technologies by Project Type 
Captive & Cogencrrtlon New 

4% (25) 

Government New 

Htgh and Med~um 
Projects by Fuel Type 

on Conventional 

Total 49,400 MW (1  59) 
t Negl~glble Unclass~fied (5 MW 2Nos ) 

Projects based on Clean Technologies 

407 MW, 33 Nos 

Non Conventiona 

- 

Qource National Projccr T r a d  (NPT)TM, ACG Analys~s t Number ~n oarepthp~ls ~ n d l ~ ~ t -  the nllnlh~r of 1s - - - - - - - - - - - 

Total projects under development/ 
consideration are 159 projects amountlng to 
49,400 MW 

Total number of projects based on clean tech 
amounts to 407 MW w h ~ c h  1s 0 8 % of the 
total projects under development1 
~ o n b r d ~ r  111on rn 1111s rLglon 

L 



North Eastern Regron 1s expeclcd to add approxrmately 565 MW based on clean technologres 

NORTH EASTERN REGION . NPTrM STATUS CLEAN TECHNOLOGIES 

12,000 - New Projects (Exclrcding Caplrve & 
Cogeneratron Projects) by Success Potenlral 

Unkr~own 
10,000 

6,000 Low 

H~gh and Med~um Projects by Fuel 

cas Projects based on clean Technology 

New Prujects Under Development / Cortszderatton 
by Project Type 

Captlve New 
1% (1) 

t Neglrgrble POL & Not final~sed 
t 30 Hydro Projects have not 
finallzed the MW 

Total = 1 I ,  06 1 MW (99) 
(t Unclass~fied Negl~gtble) 

Comments 

99 Projects amountrng to 11,061 MW under 
developmen11 cons~deratron 

28 projccls alnounlrng lo 565 M W  lo be based on 
clean technologres wh~ch IS approxtmately 5% of the 
total projects under development 

,A ,  
18 March 1998 

I Captrve project amountrng to 60 MW based on gas ]/ 

4 Source Nattonal Project Track (NPT)TM, ACG Analysis 
T P  

t Numbers rn parenthes~s rndr~ate the number of projects 

North Eastern Reg1on/1000 111s-1 ? Po cr Prnw.1 Q t r ~ t l  n? ? - m 



Approximately 535 projects arnountlng to 13,400 MW (based on clean technologlest I) may be comm~ssloned by 2002 

NPTTM STATUS CLEAN TECHNOLOGIES SUMMARY 

New Projects Under 
Development 1 Consideratron 

North Eastern 
Reglon 

Eastern Regron 

Northern Reglon 

C] Western Region 

Southern Reglon 

Projects with H~gh and 
Medrum Success 

Potcntial by Regron 

Projects based on clean 
Technologies by Reglon 
/I 

- -  - - 

Note Analysls in~ludes the 
captive and cogeneratioil projects 

tl Clean Technology As Defined by US Agency for International Development (USAID) 

Comments 

Approximately 535 projects 
amounting to 13 400 MW 
(based on clean 

technologiestl) are expected to 
be commissioned by 2002 

Southern Regron alone 
accounts for nearly 50% of the 
capacity expected to be added 
by 2002 

Projects based on clean 

technologies t1 (expected to 
be comrnissroned by 2002) ~n 
all the reglons (except the 
eastern region) form nearly 3- 
5% of thelr total capaclty 
under developmenl as on date 

18 March 1998 

L -- Sour~e  Natronal Prolect Track'h' ACG Models & Database ACG * nalvsls - - - - - - - 



537 projects aggregating 13,401 MW under development/ conslderatlon are based on clean technology 

Eastern F E 
Comments 

Southern Reg~on accounts for 50% of the 
total projeLts under development/ 
consideration based on Clean Technology 

Western & Northern Regions account for 
42% of Lhe total proje~ts underdevelopment/ 
cons~derat~on based on Clean Technology 

I Source ACG Analys~s I 

a Summary C l c ~ n  Tech/100011gl 3 Power P ~ O J C C ~  St~rdy 075 Arlo CO~PI(/IIIIP Grortn 



Power projects based on Clean Technology ' are expected Lo Lonstltule approxlrlialely 19% of the total installed capa~lty by the year 2002 

CLEAN TECHNOLOGY STATUS SUMMARY 

H~storlcal and Projected Installed Capaclty (Clean Technology) 
Power Projects Based on 

Renewable Energy 
hrstalled Projects btstalled Projects 

(1993) (Preser~) 
Power projects based on "Clean 

Technology" constitute approxlmately 
9% of the total installed capacity of 
the country 

. 
" Clean Technology" power projects 

would constitute approxlmately 19% 
of the total installed capaclty by the 
year 2002 

Gas based power projects are 
expected to constitute 55% of the 
capacity add~tton In clean technology 

Power projects Uuder Capacity addrtrort 

Note 
Gas 6,177 Mw 37,650 MW 7865 MW Non Clean Technology Capaclty addltlon has 
Hydro (>3 < 25 MW) 612 MW 1,530 MW 865 MW been assumed as 2500 MW per year 

Others t - - 420 MW @ F~gurcs in circle lndlcate Clcan Tech based 
projects as a % of total projects MW by all 

Total (Clean Technology) 7,944 MW 47,180 MW 13,400 MW technologles 

by 2002 Developrrr~ rrt 
8 000 MW 

. 

Total (All Technologies) 

-- 

- - -  

1 12,550MW 

t Others Include projects based on clean coal technologles 

Source ACG Models & Databases, ACG Analysls 
4 - - - - - - - - an t t lrlr 





Approxllnately 50% of the clean technology based power projects expected to be comm~ss~oned by 2002 are In the southern states 

CLEAN TECHNOLOGY CONCLUSION 

"Clean Technology" according to USAID definltlon Includes GasLNG, Clean Coal Technology, 
Hydro (> 3 < 25 MW) based power projects, In addltlon to Renewable Energy Power projects 

"Clean Technology" based power projects accounts for 9% of the total installed capaclty of the country, thls IS expected to 
grow to approximately 19% by the year 2002 

A total of 537 projects aggregating to 13,400 MW, based on clean technology are expected to be commlssloned by 2002 
Prlmary reason for thls growth 1s the projected capacity addit~on of GasLNG based power projects In the country 

Government Initiatives 

Renewable Energy power projects are promoted by the government wlth pollcy as well as financial lncentlves 
The central government as well as varlous state government has formulated a number of lncentlves for developers of 

renewable energy power projects 
In addlt~on soft loans at nomlnal Interest rates are provided by IREDA for developing these projects 
The rnltlatlves of the government has resulted in a seven fold lncrease In the installed capacity of renewable energy power 

projects from 1993 to 1997 
The Mlnlstry projects a capaclty addltron of 3000 MW In the renewable energy sector 

Regional Analysls 

Southern reglon accounts for approxirnately 50% of the total "clean technology" based projects expected to be comm~ssioned 
by the year 2002 

Southern states, have glven major thrust to the development of non-conventional energy sources 
Western & Northern accounts for 42% of the total new projects on clean technology expected to be commlssloned by the year 

2002 

Source Annual Report MNES ACG Allalysls - - - - - - - - - - 1clu llW 



USAID can play srgn~ficant role to develop the ' clean technology" based power projects In the country 

CLEAN TECHNOLOGY CONCLUSION (CONDT ) 

Source Annual R ~ ~ ~ ~ ~ M N E S ,  ACG Analysls 

ConeIus~on WOIIgv 
I 

4 Conclus~on 003 v r p  t"or~~rr / t r r~v Grwrn 

Technology 

Gas 

W~nd 

Solar 

Biogass / 
Cogenerat~on 

Small Hydro Power 

Industr~al and 
Mun~clpal Waste 

Other Technolog~es 

Act~v~t~es 

l A number of prlvate players and government companres have plans to develop large Gas / LNG 
based power projects owrng to the environment fr~endly nature of these projects 

New gas based projects arc expected to bc conlm~ssroned by the year 2002 

Dr~ven by lncentrves from state as well as central government there has been cons~derable rlse 
rn tlie installed base 

Agalnst a projected capacrty addrt~on of 500 MW In the E~ghth five year plan the actual capaclty 
add~t~on was around 800 MW 
T h e  government has plans to iristall an addrt~onal capaclty of 2000 MW In the Nrnth five year 
plan 

In splte of key lnrtlatrves by Rajasthan government to develop solar thermal power projects there 
has not been any slgn~ficant progress In capacity addrt~on 

The primary h~nderance In the PPA s~gned between the government and the prrvate party 
l Inst'11lcd Solar Photovoltdlc n~odulcs a~iiount to 28 MW 

The present rnstalled capacity based on thls technology IS approxrmately 85 MW 
W~th a total potentla1 of approx~matcly 17,000 MW thls technology can contr~bute substantially 

to the capacity addtt~on of clean technology In the cotnlng years 

Capac~ty addrt~on ~n Small Hydro Power projects have been slow ~n the recent years 
l Aga~nst a target of 600MW In the, 8th Plan the actual tnstalled was approx~mately 60 MW 

Long gestation per~od of these projects are 

A number of states have come up wlth lncentlves to promote this technology 
The present installed capaclty IS mere 3 75 MW, wrth almost 90MW of projects ~n the p~pellne 

490 MW of clean coal technology based power project are under ~mplementat~on 
l Other sources such as Ocean Thermal Power, Geothemal and T~dal power In splte of havlng 
hlgli potentla1 have not yet been explo~ted 

Poss~ble USAID Role 

l Program to develop awareness for 
developing Gas based projects could be 
conducted at the Mtnrstry 1 SCB level 

l Can play key role In formulat~ng new 
lnnovatlve polrc~es for the growth of thls 
sector 

Awareness program for rural 
populat~on for uslng solar energy could 
be undertaken 
l Could be ~nvolved In devclop~ng 
specla1 contractual documents for solar 
thermal pro jec~  

l USAID has played slgnlficant role in 
promoting projects based on bromass 

l Could play a srgnlficant role in 
fonnuiat~ng polrc~es for rncreasrng 
private parlic~pdtion in 1h1s sector 

l USAID has played srgn~ficant role In 
promoting projects based clean coal 
technology 



v-'! Source 
b Append~x/lOOOl/pt 5 A ~ p e n d ~ x  00 1 - - Cur - ' P Gr 



Increas~ng elrv~ronmental concerns have resulted In development of clean coal technology for efficient and clean use 

CLEAN COAL TECHNOLOGY OVERVIEW -- -- -- 

Coal will conllnue to be an important primary energy source worldw~de and w~l l  have to meet Clean Coal Technolog~es 
the ~ncreaslng stringent requirements In terms of cost effect~veness and env~ronmental Coal Clean~ng Washlng the coal for power generallon 
compat~bll~ty Increas~ng env~ronmental concerns have resulted 111 a growlng tntcrest In clean coal Flu~drzcd bcd Combust~on 
tcchnologles - Almospher~c Flu~d~zed Bed Combust~on (AFBC) 
Thc Burn~ng of Coal l~bcrates 2 types of gascs w l i ~ l i  are l~nked to thc formallon of acid rain - Pulvcr~~ed Flu~dlzed Bed Combusl~on (PFBC) 

N~trogen Ox~dcs (NO,) Integrated Gdslfi~atlon Comb~ned C y ~ l c  (IGCC) 
Sulfur Diox~de (S02) (The 1GCCplarlts curt be bl(l1t us trew facrlrties or us reefitrbuhment to 

New technolog~es are requ~red to utll~ze coal efficiently and cleanly than the pulver~zed coal 
fired technology presently adopted 

Clean coal technolog~es focuses on total system improvements that y~eld hlgher effic~encles and 
very low elnisslons 

Clean coal technology addresses n wrde range of energy and env~ronmcntal Issues 
A L I ~  Rsln 
Global Cllrnate Change 
Improved Energy Effic~ency 
Energy Securlty 
Envlronmental Qual~ty 

Clean Coal Technology (CCT) Program of USA (1985) 
The CCT program 1s a pdrtnershlp between the Unlted States Department of Energy and 

Industry 
Total projects - 40, of whlch 20 have completed operations, 7 are In operation, 5 In construction, 

7 In des~gn and 1 In negot~ation 
Appltcatlorr Categories 

Advanced EIectr~c Power Generation 
Flu~dized bed Combustton 
Integrated Gaslficat~on Comblned Cycle 
Advanced Combust~on Technolog~es 

Envlronmental Control Devrces 
NO, Conlrol Tecl~nolog~es 

SO2 Control Technologies 

Comblned SO2/ NOx Control Technolog~es 

Coal Processing for Clean Fuels 
Coal Preparation Technology 
M~ld Gas~ficat~on 
Ind~rect L~quefactlon 

Industrial Appllcal~ons 

exlstrrlg urllts ) 
- F~xed Bed Gas~ficat~on proLess 
- Flu~dlzed Bed Gasificatlon process 
- Entrained Bed Gasificatlon process 

Advanced Combust~on Technologres 
- Externally lirtd Colllblnerl Cycle 

Integrated Gasrficahon Fuel Cell (IGFC) 
Magneto Hydrodynamics (MHD) 
Coal fired Dlescl engine 

I Advanced Pulverlred coal 43 1 95 ( 80 ( 

Technology 

I PFBC 1 52 ( >95 1 80 ( 

IGFC 

Magneto hydrodynamics 

, s o 2  NOx 
Effic~ency 

Source Industry & Government Reports, ACG Models & Databases, ACG Analysls 
Clean Coal Technology/l1073/gl 5 Appendrx 002 Asla Consrrltrtrg Grolip 

I 

Emlss~on Control (9%) 



IGCC technology 1s capable of uslng the ' dlrty fuels wrthout degrading the envrronmenl 

INTEGRATED GASIFICATION COMBINED CYCLE (IGCC) TECHNOLOGY 
Concept & Key Features 

Co~lcepr 
IGCC Incorporates an oxygen or alr blown gasifier operating at high 

pressure and produc~ng raw gas wh~ch 1s cleaned of most pollutants and 
burned In combustion chambers of the gas turbrnc generator for power 
generatron I 
Fea tit res 

Nearly complete gasificat~on of the feedstock 
Efficrent removal of dust and other pollutants from the gas meetlng the 

requirements of both gas turb~ne bladlng and environmental protection 
Effect~ve lntegratlon and couplrng of sub systems In tcrnls of process 

engrneerlng, plant operations and thermodynanirc conslderat~ons 

Plant Cost - 
O&M Costs 

Key Factors Dr~vrng Effic~ency 
IGCC Economics - - - - - Cost of Electricrty 

MW Plant S ~ z e  
Number of Power Trams 

Gaslficatlon Configuration 
Fitel Type 

GT Technology Level 
Reglon Labor Cost/ Productlvlty 

Co producrtotd Co generattort 
Repowenng 

Plant Type 
Fuel Cost 

Load Factor 

Marrl Equrpn~ent 
Gasificat~on Plant including preparatron of feedstock 
Raw gas heat recovery system 
Gas Purrfi~atron Systern with Sulfur recovery 
Alr separation plant (only for Oxygen blown gas~ficatlon) 
Gas turblne generator wlth heat recovery steam generator 
Steam Turblne - Generator 

Firel 
Operat~ng IGCC plants are fueled by Coal, L~gnrte, Heavy 011 and Petroleum Coke 

Industrral so l~d  waste and by product gases found In the steel chemical and petrolcum 
refinlng lndustr~es 

Plants produce power and steam and coproduce chemrcals such as hydrogen and 
methanol 

Use of heavy 011s as feedstock Instead of coal will result In ellrnlnat~on of coal 
handllng and preparation systems and 011 havrng lower ash content than coal will 
reduce foul~ng of the Synthes~s Gas (Syngas) coolers 

IGCC Tc~hnology IS more capable of using poorer envrronmental grade coal as well 
as heavy 011s 

Total Cost of Electr~crty rn $/MWh (1997 Prices) 

70 T 
(Based on 7,000 hours of operallon In a year) 

H O&M Cost 

IGCC Coal IGCC CC- CC- 

Coal Steam Heavy NG LNG 
011 t CC Comb~ned Cycle 

4nrlc 3 7 1 1 '  C I - I  
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IGCC Technology has 3 gas~ficatlon processes 

INTEGRATED GASIFICATION COMBINED CYCLE (IGCC) OUTLINE 

IGCC Process D~agram - 

F~xed Beti Caslfcat rot1 Fluldrzed Bed GaslJicatrotl Coal Et~traltled Flow Gaslficatron 
Steam 

as 
Steam ,,/Gasifierf: SynGas ::m Gas~fier/!l~, SynGas 
A I ~  I$ ;1 

Oxygen Oxygen 
Eii~clency = 4 1 8% Efficiency = 43 3% 

 AS^ Oxygen Oxldant ~ s h  Alr Ox~dant  
\ 

Atr 
Separat~on 

Unit 

L-, t SynGas Synthes~s Gas 

N~trogen 

Hlgh Pressure Steam 

' Source Industry & Government Repons. ACG Models & Databases. ACG Analyslr 
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Clean Synthes~s Gas Electr~c~ty 

Gas 
Cleanup 

r * 
Coal 

f V 
Coal Gnndtng 

Atr b 

Water 

1 Bo~ler 
AshlSlag Feed Water 

By Product 

Gastfier 

A 

Synthesls Gas 

Sulfunc Ac~d 
Bo~ler By Product Electnctty 
4 

Sulfur 
Removal 

1 

Steatn Generato 



.- 
A D 
A&P Admrnrstrat~on and Plannrng Dec December H 
ABB Asea Brown Bover~ DG Dresel Generator HBJ Hazrra-B y apur-Jdgdrshpur 
ACG Asra Consult~ng Group DGFT Drrector General Forergn Trade HC Hrgh Court 
ADB Aslan Devcloprnent Bank DPR Dcta~led Projc~t Report HPCL Hlndustan Pctrolcun~ Corporatron Ltd 
AFBC Atmospherrc Fluld~sed Bed DVB Dclhr Vrdyut Board HSD Hrgh Speed Diesel 

Combustron DVC Damodar Valley Corporatron HT Hrgh Tensron - 
APSEB Andhra Pradesh State Electrrcrty DPC Dabhol Power Company I 

B odrd DY Deputy I AS Indran Admrnstrat~ve Servlces 
A W  August E ICICI Industnal Credrt and Investment 

EPC Engrneerrng, Procurement and Corporatron of Indra 
B Constructron IDBI Industnal Development Bank of Indra 

CRLDC Eastern Regronal Load Despatch IEM Industrral Entrepreneurs Memorandum 
BHP Bntwh Horse Power Center IFC International Finance Corporat~on 
BJP Bhartlya Janata Party EIS Electr~crty Supply IFFCO Indran Fanners Fertrlrsers Cooperative Itd 
C Exe Executrve IGCC Integrated Coal Gasrficatron Combrned 
CAGR Cummulat~ve Ac~rued Growth Expn Expans~on Cycle 

Rate P IGFC Integrated Gas~ficatron Fuel Cell 
CBM Coal Bed Methane FDI Forergn Drrect Investment IOC Indran 011 Corporatron 
C C  Combrned Cycle TI Frnanc~al Inst~tutron IPP Independent Power Producer 
CCFI Cabrnet Comrnrttee for Fore~gn FIPB Forelgn Investment Promotron IREDA Indran Renewable Energy Developlnent 

inv~strli~n1 Bo,ird A~LIILY 
CCGT Conlbrned CYLIL Gab Turbrnc r0 Fuel 011 1 Furnace Or1 J 
CCPP Combrned Cycle Power Project FSA Fuel Supply Agreement Jan January 
CDC Conimonwealth D~velopnient G Jul July 

Corpor?t~on GAIL Gas Authority of Ind~a Lrmrted JV Jornt Venture 
CEA Central Elecrr~crty Authority GBPP Gas Based Power Project K 
CESC Calcutta Electrrc Supply Corporatron GDR Global Deposrtary Recerpt KEB Karnataka Electrrc~ty Board 
C M  Chref M~nrster Govt Government Km filometers 
CNG Compressed Natural Gas GT Gas Turb~ne Krrbhco Kr~shak Bharatr Co operatrve Lrmrted 
CPM Communrst Party of Indra (Marxist) GW Grga Watt KV f i l o  Volts 

Gwh Glga Watt Hour Kwh Krlo Watt Hour 
CWC Central Water Comm~ssron 

Source Industry & Government Reports, ACG Models & Databases. ACG Analysrs 
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L NRLDC Northern Regronal Load Despatch Center SIL Specral Import Lrcense 
LIC Letter of Credrt NSDP Net State Domestrc Product SLDC State Load Despatch Center 
LDC Load Despatch Center NTPC Nar~onal Thermal Powcr Corporatron s q  Square 
LNG Lrquefied Natural Gas No Number Sr Senror 
LPG Lrquefred Petroleum Gas Nov November SRLDC Southern Regional Load 
LROT Lease, Rehabrlrtate, Operate & Transfer 0 Despatch Center 
LSHS Low Sulfur Heavy Stock 0&M Operatron & Ma~ntenance ST Steam Turbrne 
LT Low Tensron OC Open Cycle T 
Lo1 Letter of Intent OECF Overseas Economrc Corporatron Fund T&D Transmrssion and 
LOP Letter of Permrssron OSEB Orrssa Statc Electrrctty Board Drstr~bution 
Lt d Lrmrted Oct October TEC Techno-Economrc 
M P Clearance 
Mar March PFB Prcssurrse, Fluidrsed Bed Technolog~es Tel Telephone 
MHD Magneto Hydro Dynamrcs PFBC Pulverrsed Flurd~scd Bed Cornbustron Twh Tera Watt Hour 
MMBtu Mrllron Metrlc Bntrsh Thermal Unrts PHDCCI PHD Chamer of Co~nmerce & Industry ' U 
MMSCMD Mrllron Metr~c Standard Cubrc Meters per Day PIB Public Investment Board UK Un~ted K~ngdom 
MMT Mrllron Metrtc Tonnes P O  Post Office UPSEB Uttar Pradesh State 
MMTPA Mrllron Metrlc Tonnes Per Annu~n PLF Plant Load Factor Electricity Board 
MNC Multr Nat~onal Corporat~on PM Pr~me M~n~ster  USA Unrted States of Amer~ca 
MOP Mrnrstry of Power POL Petroleum 011 UTI Un~t  Trust of Indra 
MoP&NG Mlnrstry of Petroleum and Natural Gas PPA Power Purchase Agreement V 
MoE& F Mrnrstry of Envrornment and Forestry PS U Publrc Sector Undertahng V Flfth 
MoU Memorandurn of Understandrng R VI S~xth 
MP Madhya Pradesh R&M Renovatron and Moclcrnrzatron W 
MSEB Maharashtra State Electrrcity Board RCF Rashtr~ya Chernrcals and Fertrl~sers WRLDC Western Regronal Load 
MU Mrll~on Unrt REB Regronal Electrrc~ty Board Despatch Center 
MVA Mrllron Volt Ampcres RLDC Reg~onal Load Despatch Center 
MW Mcga Watl RoR Ratc of Return 
N Its Rupcc 
NERLDC North Eastern Reg~onal Load Despatch Center S 
NFL Natlonal Fert~l~ser Ltd SBI Caps State Bank of Indra Capital 
NHPC Natronal Hydro Power Corporatron SBM Single Buoy Moorrng 
NPC Nuclear Power Corporat~on SC Supreme Court 
NPT Natronal Proje~t rrack SEB State Electrrcrty Board 

SERC State Electrt~rty Regulatory Com~nrss~on 
S ~ P  September 

Soune Industry L Govcrnmcnt Repons ACG Models & Datahr%c\. ACG Analysrs 
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