


US AID 
The US Agency for Intematlonal Development (USAID) Mlss~on to Indla currently broadly focuses on famlly 

plannlng and health servlces nutrltlon educat~on urban water and sanitation systems HIVIAIDS education and aware 
ness and enhancing the status of women In add~tlon the current USAID program pol~cy continues ~ t s  prlor commlt 
ments for pollcy reform and technology transfer In the energy sector to promote clean energy development effic~ent 
energy use and reduced pollution especially wlth regard to greenhouse gases 

USAID has played an Important role In Indla s development successes Past US asslstance built the base for the 
green revolut~on and Ind~a s dramatic increase In agriculture productlon USAID assistance to Ind~a In FY 98 amounted 
to about USD 125 rmllion 

For addrtional details please see http //www rnfo USAID go1 

FETC 
The Federal Energy Technology Center (FETC) of the US Dept of Energy a new organ~zatlon compnsed of the 

former Morgantown and Pittsburgh Energy Technology Centers was formed to combine the capab~l~tles and strengths 
of both centers result~ng In savings of tax dollars by reduclng costs for adm~n~stration and suppofl At present ~t 1s the 
largest foss~l energy research organization in the world 

FETC manages all the US fossil energy research and development programs for coal and natural gas by develop~ng 
technolog~es that w~ll allow a cleaner and more efficient use of fossil energy resources FETC manages a major program to 
develop advanced technology to clean up rad~oachve contmnated sites and performs In house research Today thelr 
manages approximately 700 energy and env~ronmental projects worth $ 10 b~l l~on  FETC entered Into a Parhclpatlng 
Agencles Servlces Agreement (PASA) wlth USAID to provide techn~cal asslstance and tmnlng for the GEP Project 

For additronal details please see http //wwwfetc doe gov 

BURNS and ROE 
Burns and Roe IS a comprehensive englneenng construction and operations and maintenance organlzatlon prov~d 

lng servlces to both pnvate and government cllents worldw~de The~r  actlvltles encompass the entlre spectrum of project 
service from conceptual~zat~on to startup and operatlon and they work w ~ t h  cl~ents lnvolved In a broad range of 
actlvltles ~ncluding uhl~ty and lndustnal energy productlon process technologles and lndustnal manufactur~ng com 
merc~al ~nstltutlonal governmental and ~ndustr~al fac~ht~es  and environmental assessments and remedlatlon Through 
the early 1990 s Bums and Roe had completed over 120 foss~l fueled generating plants totallng over 25 000 MW the 
majorlty of whlch were new facilities or expansions for major utlllty companies Under the GEP project Bums and Roe 
1s a member of the FETC team for technical assistance and tranlng 

For additronal detarls please see http //wwwroe corn 

WINROCK INTERNATIONAL 
Winrock Internatlonal 1s a prlvate non profit organlzat~on headquartered In the US and wlth offices In over 40 countne5 

lncludlng India Its actlvitles are funded by grants contracts and conmbutlons from public and prlvate sources The focus 
of the Renewable Energy Program of W~nrock Intematlonal 1s to accelerate the commerclal~zat~on of renewable energy 
technologles in rural areas where there 1s an expressed need for development W~nrock has developed a network of offi~es 
and In county enhtles called Renewable Energy Project Support Offices (REPSOs) that understand local development 
Issues and also have the technical experhse to reallze the full potentlal of renewable energy appl~ed to these areas 

Because of the scale of the potentlal development Impact Wlnrock has worked aggress~vely slnce 1989 to acceler 
ate the ~ntroduct~on and expansion of cogeneratlon by the sugar ~ndustry In each country where sugarcane 15 a major 
crop Past W~nrock efforts in Indla have resulted In slgn~ficant achievements In the lntroduct~on and development of 
cogeneratlon by the Indian sugar Industry such as slgnlficant poltcy reforms with~n a State Electnc~ty Board that 
resulted In prlvate Investment In cogeneratlon plants by the sugar Industry In the state case studles that led to the 
construction of two cogen plants and model PPAs that have led to others between IPPs and SEBs Another area where 
the REPS0 in Ind~a have done ploneenng work IS In the promotion of alternative fuels espec~ally cane trash to enable 
year round operatlon of the cogeneratlon plant Currently W~nrock IS another FETC team member supporting USAID s 
GEP Project s ABC Component In India 

Appllcat~ons for pemssion to reproduce or translate all or part 
of this publicat~on should be made to 

WINROCK INTERNATIONAL INDIA 
7 Poorvi Marg Vasant V~har New Delhl 110 057 lndla 



Preface 

Power generation through bagasse based cogeneration in sugar mlls has been a prominent way of 

providing clean energy in India ever since a national program was launched in India in the rmd 1990s The 

450-odd sugar mills m the country are estimated to have a total generation potenhal of nearly 3500 MW of 

whlch over 400 MW was either installed or under implementation by the end of March 1999 

In view of the considerable potenhal for biomass pmcularly bagasse-based sugar cogeneration the US 

Agency for Intemahonal Development (USAID) included ~t as a component of then Greenhouse Gas Emssion 

Pollution Prevenhon (GEP) Project clean coal technologies being the other Under this program nine sugar 

mlls have been assisted to demonstrate the technical and economc feasibility of operating sugar cogeneratlon 

unlts in the off-season with enhrely biomass/bagasse fuel In addition to investment grant and technical 

ass~stance the project also envisaged achvlties des~gned to assist project partners in terms of awareness 

creation capacity building and facilitation of technology transfer Winrock International has been 

implementing this component m collaboration with Bums and Roe Services Corporation (BRSC) under a 

contract from the US Department of Energy s (DOE) Federal Energy Technology Centre (FETC) 

The present volume is published from the proceedings of the International Workshop held In New Delh~ 

on 27 Febmary 1999 as part of the senes of workshop and traning programs belng conducted under the 

aegls of the GEP-ABC project This workshop provided a forum for technologists project developers 

domesticlinternational financing agencies and other related institutions to discuss the problems and 

opportunities associated with fast-track implementation of cogeneratlon projects It attracted enthusiastic 

parhcipation and papers were presented by international and national experts on various aspects of bagasse- 

based cogeneration including advanced technology initiatives fuel management and energy effic~ency 

considerations and policy and financial Issues In add~tion some of the GEP-ABC project participants 

presented their expenences in ~mplementing the cogeneratlon projects 

The financial and regulatory Issues pertanlng to power generation and purchase were discussed by a 

panel of experts m the field An extra d~mension was added m the form of a presentation and discussion of 

the possible contnbuhon of renewable energy technologies including that of bagasse-based cogeneration 

towards greenhouse gas abatement through mechanisms like the Clean Development Mechanism (CDM) 

Thus the workshop covered a range of Issues of hlgh relevance and as such these proceedings are 

expected to benefit not only dlrect stake-holders in bagasse-based cogeneration but also the renewable 

energy community 

P Venkata Ramana 
Program Manager (RE), WII 

Apn11999 



Acknowledgements 

Wlmock International would llke to express sincere appreciaoon to the US Agency for International 

Development (USAID) and the US Department of Energy's Federal Energy Technology Center (FETC) for 

thelr advice and invaluable support in particular Mr Richard Edwards Mr Suresh J a n  and Ms Kav~ta Sinha 

We would also like to thank our specla1 guests at t h ~ s  workshop - Hon Kathleen McGinty Mr James 

Bever and Dr V Suresh - who spared valuable tlme to grace the occasion the speakers and partic~pants for 

assistmg us m malung thls International workshop a successful one 

We also wish to convey our appreciation to Mr Lee Jakeway, Dr Bhaskar Natarajan and Mr S C Natu 

who chaired the technical sessions, whlle Mr Robert Kwok Mr Sanjeev Ahluwalia Mr P Dutt and 

Mr Hansh Bhargava lundly consented to participate in the Panel Discussion on the Keys to Successful 

Cogeneration Project Development in Indla 



Table of Contents 

Inaugural Address 
V Suresh 
CMD Housing & Urban Devpt Corpn Ltd (HUDCO) 

Keynote Address 
Kathleen McGinty 
Former Environmental Advisor to President Cllnton 

Speclal Address 
James Bever 
Dy Mission Director USAIDhndla 

GEP-ABC Project Descnptson 
Rlchard Edwards 
Director Energy Environment & Enterpnse Dlvn USAIDIIndia 

Hawm~ Case Study 
Robert J Kwok 
John H Payne Inc, USA 

Indla GEP-ABC Project Partlclpant Reports 
Thlru Arooran Sugars Ltd 
Ram V Tyagarajan 
Charman & Managlng Dlrector 

Dhampur Sugar Mllls Ltd 
Gautam Goel 
Dlrector 

Dharan~ Sugar Mllls Ltd 
Palani G Perlasamy 
Charman Dharani Sugars & Chemcals Ltd 



Table of Contents 

State of the Art of Advanced Technolo~es of Electncity Generation from B~omass 
Scott Q Tum 
Professor Hawaii Natural Energy Inst~tute (HNEI) University of Hawaii 

Efficient and Clean Blomass Gasificat~on & Combustion Technologies for Bagasse 
A Manjunath Technical Coordinator J Cotton and A Ekarnabaram 
Foster Wheeler Indla (P) Ltd, Chennai India 

KM Sellakumar 
Foster Wheeler Development Corporation Liv~ngston USA 

J Palonen 
Foster Wheeler Energia Oy Varkaus Finland 

Bioten Technology 
Subash Chandra 
Country Manager Bioten India 

Energy Efficiency in Sugar Mills 
G C Datta Roy 
Chief Executive (Power) DCM Shnram Consolidated Ltd New Delhl 

The MNES Program Partnersh~p In~t~ative (PPI) 
S C Natu 
Vice President Energy & Projects Group MITCON Pune 

Engineering Procurement Construction and Commiss~oning (EPCC) 
Model of Cogeneration Projects 
Purnendu Dutt 
General Manager The Godavari Sugar Mills Ltd Mumba 

Power Purchase Agreement (PPA) Development in India 
Harish Bhargava 
Management Advlsor, Corporate Growth & Management Resources Pune 



Speaker Profiles 

MR JAMES A BEVER has been worlung with the US Agency for International Development for 17 
years Prlor to India he served as Director Office of Envlronment Energy and Urban Development for the 
Bureau for Europe and the New Independent States at Washington He has also served wlth USAID In 
Indonesia and with Envlronment Englneenng Inc in Morocco Currently Mr Bever is the Deputy Misslon 
Director US Agency for Intemahonal Development Indla 
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After worlung for over 18 years wlth Burmah Shell Oil Storage & Dlstrlbutlng Co of Ind~a Ltd In several 
capacltles he left to joln the Indo Burma Petroleum-Balmer Lawne Group as General Manager in 1974 
Between 1980 and now Mr Bhargava has been associated wlth EID-Parry (India) Ltd as Vice President 
Sugar & Ceramics wlthThermax Ltd as D~rector Corporate Development and w~th Management Resources 
as Advisor Mr Bhargava has been directly associated w~th  cogeneration slnce 1992 Currently he provldes 
top management consultancy to progresswe and growth-onented companies operating In Indla and 1s 
authonng a comprehensive book of Cogeneration of Electricity In India whlch wlll be publlshed shortly 

MR SUBHASH CHANDRA has over 25 years of expenence in the eleczc power sector As a 
pnnclpal in Charter Oak Energy an unregulated subsidiary of Northeast Ut~l~tles he had the overall 
responslbllity for developing Independent power projects m Indla He conducted a detalled study of the 
Indlan power sector and formulated a comprehens~ve market entry strategy He was respons~ble for develop~ng 
in-country relatlonshlps management of all legal political and regulatory matters ldentlficatlon and 
evaluation of project opportunltles technlcal and financial due diligence negotiation of varlous commerc~al 
contracts and agreements and negotiations with vmous Government and regulatory agencies He was also 
lnvolved m the development of several power projects that included a 210 MW coal plant 35 MW dlesel 
plant and bagasse fired cogeneratlon plants at sugar mllls 

A Master and Doctoral degree holder from the Unlverslty of Clnc~nnatl Mr Chandra has held for about 13 
years var~ous management and techmcal positions In the Power Generat~on Group in Northeast Utlllties 
and has also worked in technlcal and project management capacltles for 8 years for two major equipment 
suppliers for the power industry Babcock & W~lcox and Combust~on Engineenng 

MR G C DATTA ROY Chef Executive (Power) DCM Shnrarn Consolidated L~mited 1s an englneer 
wlth a PhD (awarded in 1995 for a thesis on 'Energy Conservat~on In the Edlble 011 Industry by appl~catron 
of HEN technology') He has had specialized tra~ning In the fields of Power Generation System & Equ~pment 
Brown-Bover~ Baden - 1970 Energy Management APO Tokyo - 1980 and Sustainable Development 
Univers~ty of Nigenrode, Holland - 1994 etc 

Mr Datta Roy successfully ran businesses lnvolv~ng Power Chemicals Edible Oil Sugar etc and headed 
corporate funct~ons like Technology and Total Qual~ty Management His major accomplishments ~nclude 
the turnlng around of the edible oil and chemical buslness through energy conservation while integrating 
Energy Environment and Ecology development He has worked as an associate consultant on an ADB 
project study on renewable energy development project covering bagasse cogeneratlon and also on Energy 
Conservation opportunltles in the sugar Industry for De-Lucla and Co, USA Actively involved as committee 

memberslfaculty on energy and environment related matters for NPC PCRA CII FICCI ASSOCHAM 
etc Mr Datta Roy has publlshed over 35 Papers on energy and environment related issues In both national 
and lntematlonal forumslpublications 
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MR RICHARD L EDWARDS arrived in Indla In August 1997 and is currently ass~gned as Director 
of the Office of Environment Energy and Enterpnse team of USAIDfindia As have so many USAID 
personnel Mr Edwards too was lured by the Peace Corps in the 1970s and 1980s in the Phil~ppines He 
spent several years there initially as a volunteer and later as Associate Director of the Peace Corps He then 
returned to the Philippines in the 1990s as the World Wildlife Fund (WWF) Country Representat~ve where 
he managed a large USAID funded debt-for nature swap program and helped establish an NGO b~odivers~ty 
foundation On joinlng USAID in 1994 after a year of rotational assignments and French language training 
in Washington DC he was assigned to the Office of Environmental and Natural Resources of USAID/ 
Morocco where he served as the M~ssion Environmental Officer in Rabat pnor to amving In India Mr 
Richards holds a masters degree in Natural Resources Management from Humboldt State University and a 
B S in Biology from the University of Oregon 

MR GAUTAM GOEL is the D~rector of Dhampur Sugar Mills Ltd at the young age of 25 The 
Dhampur Sugar Group comprises of six sugar mills a paper plant a chemical plant power and boards He 
also serves as director of several other companies Mr Goel has 6 years experience in running sugar mills 
chemical plants and co-generat~on projects and is successfully and independently running DSM Sugar 
Rauzagaon and Mansurpur Sugar M~lls  Ltd Mansurpur He has been greatly responsible for installing the 
first raw-refined sugar manufacturing process in India 
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1974 1980 he went back to university to pursue a MS degree in Chemical Engineenng and graduated In 
1976 with a thesis on Boiler Efficiency in Louisiana Sugar Factories In 1980 Mr Kwok moved back to 
Maul a5 Project Engineer for HC&S and is presently the Vlce Pres~dent Research and Engmeenng 

Mr Kwok has been very active within the Hawaiian sugar Industry and has chaired many sub-commatees on 
factory improvement energy development cost control environmental issues power contract negotiations 
and utility integrated resource planning (IRP) He has been a member of the Paia Gasification project from 
~ t s  inception to the final testing phase Mr Kwok has presented many technical papers in Hawaii continental 
USA South Afnca Mauritlus Venezuela Colombia and India He has also done a lot of research and 
development In the field of processing and power generation and is the co-inventor of the Ultrafiltration/ 
Desugarization system and has two patents on the invention He has traveled extensively around all the 
sugar producing countries in the world In 1997 Robert Kwok acquired John H Payne Inc an international 
sugar-consultmg firm formed by Dr Payne in 1975 

DR A MANJUNATH after a PhD in Combustion from IIT Madras India has more than 8 years 
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PhD from Pittsburgh University USA He was a tenured Professor of Economics in the School of Buslness 
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Indians was Dharani Cements Later he establlshed Dharani Sugars & Chemicals Ltd 
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MR SCOTT Q TURN 1s anAssoc~ate Professor In the Hawall Natural Energy Institute at the Unlverslty 
of Hawall In t h~s  pos~tlon Dr Turn conducts research In the general areas of b~omass resources production 
thermochem~cal conversion and ut~hzat~on Recent projects have focused on b~omass resource assessment 
for power generation In several south east AsIan countries development of processes for Improving blomass 
character~st~cs control of lnorganlc specles dunng b~omass gasification and high temperature cond~tlon~ng 
of b~omass product gas In add~t~on to these respons~b~lit~es Dr Turn serves on the Graduate Faculty In the 
Department of B~osystems Engneerlng where he also offers classes Dr Turn performs pnvate englneenng 
consulting for several clients 

MR RAM V TYAGARAJAN is the Cha~rman and Manag~ng Dlrector of Th~ru Arooran Sugars Ltd, 
Chenna~ India Qualified as a chem~cal engineer he IS a Master Degree holder from the Sloan School of 
Management at the Massachusetts Institute of Technology In the US He has extenslve managerial expenence 
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Th~ru Arooran Sugars Ltd (TASL) is one of the most Integrated sugar manufacturers in Indla today It 
currently operates two sugar factones In the State of Tamil Nadu w~th an aggregate capaclty of 7 500 TCD, 
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llcenses for setting up two add~tional sugar factor~es with minlmum capacltles of 2 500 TCD one of which 
has gone on stream In February 1999 TASL also has the dlst~nctlon of having established the first major 
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V SURESH 
C h m a n  & Managing Dlrector 

Housing & Urban Devpt Corpn Ltd (HUDCO) New Delhi India 

It is Indeed a great honour for me to dellver the inaugural address on this one day International Workshop 

on Alternative Bagasse Cogeneration organized by W~nrock International This event is very significant 

as we are at the threshold of the new millennium with just 307 days left from today It IS indeed the nght 

hme to look forward to new methods of addressing efficiency and environmental factors in energy production 

BACKGROUND 
Energy is the backbone of modern cmhzat~on Today one would not be able to Identify any actlvlty 

whlch does not use energy in some form or the other It is estimated that about 300 rnllllon people In the 

country do not have access to electnclty which is equivalent to the total population of our entlre country 

dunng the time of our independence The number of villages without adequate electnclty is 80 000 

From an Installed capaclty of about 20,300 MW in 1950-5 1 the total generating capaclty as of now is 

estimated to be around 84 200 MW It is further estimated that by the year 2007 Indla will have to add 

another 1 42 000 MW of power at a cost of approximately $160 bllllon By the year 2006 lt IS estimated 

that at the present rate Indla would require over 450 million tons of coal 94 million tons of 011 and 220 

mllion units of electnclty 

Most of t h ~ s  energy consists of the use of non-renewable resources and is in effect unsustalnable It IS 

therefore, imperative that energy production and utilization become more efficient and that most energy 

requirements for the future are met through renewable resources 

Indla has been an important producer of sugar and this has been actively promoted by the government 

leading to the establishment of more than 400 sugar mills in the country Bagasse-the woody fibrous 
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res~due of crushed cane the major by product of the sugar industry-has not been used to ~ t s  complete 

potenttal In Ind~a the concept of bagasse based ~ogeneratlon has been pract~sed by sugar mllls to generate 

steam and power for thelr own use uslng low pressure bollers The storage of large quantltles of bagasse 

being a major problem for the mtlls the bo~lers were des~gned to use almost the entlre bagasse produced 

brtngng In a bullt In ~neffic~ency In the system Recently there has been growlng awareness among sugar 

mllls regarding advantages of uslng high effic~ency high pressure boilers to use bagasse a renewable 

source of energy to produce power T h ~ s  system lnvolves Improved energy effic~ency and reduction in 

operatrng costs of sugar mills steam product~on for use In sugar mllls and auxllldry units power generation 

uslng bagasse In an environmentally clean manner use of power for captlve consumptron and sale of 

exportable power to State Electrlclty Boards or thlrd party sale to generate add~t~onal revenue The exportable 

surplus power from cogeneration projects goes a long way towards providing electnficat~on which is a 

basic Infrastructure requirement m urbanlpen-urban areas 

3 RESOURCE POTENTIAL 
The potent~al of exportable surplus power from bagasse based cogeneratlon projects In Indla IS estimated 

to be 3000-3500 MW ~f all the 430 sugar mills In our country swltched over to modern techn~ques of 

cogeneratlon 

A maxlmum potential of 1000 MW each 1s env~saged from Maharashtra and Uttar Pradesh followed by 

Tam11 Nadu at 350 Karnataka at 300 Andhra Pradesh at 200 Blhar at 200 Gujarat at 200 Punjab at 150 and 

cumulat~vely other states have a potent~al of around 100 MW 

L- PROMOTION OF BAGASSE-BASED COGENERNION 
The Govt of Ind~a (GOI) has recogn~zed the potential for w~de  scale altematlve bagasse cogeneration and 

has heralded the Natlonal Program for Bagasse-based Cogenerat~on For thrs purpose it has ln~tiated a 

Demonstrat~on Scheme for Prlvate Sugar Mills and a set for Cooperat~ve/Publ~c/Jo~nt Sector Mllls and an 

Interest Subs~dy Scheme 

A) DECENTRALIZATION SCHEME 

W Prlvate sugar mills 

Cap~tal subs~dy Equivalent to 30% of total equipment cost or up to Rs 70 lakhsNW of surplus power 

whtchever 1s lower The maxlmum amount of subs~dy to a slngle project w~l l  be restncted to Rs 6 crores 

W Cooperat~ve/Pubhc/Joint Sector Sugar Mills 

Govt Grant Equrvalent to 50% of total project cost or up to Rs 2 crores/MW of surplus power whichever 

is lower 

The Govt grant will be util~zed by FIs to prov~de the exlsting cooperat~ve/public sector sugar mills a 

capttal subs~dy of Rs 70 lakhs/MW surplus power subject to a maxlmum of Rs 6 crores per project and 

a long term soft loan of Rs 1 30 croreNW of surplus power at an Interest rate of 9% besides thelr own 

loan at commercial terms 

For new sugar mllls of both categones subsidles w~l l  be half of those ment~oned above 
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The State Govt wlll also have to provlde a fresh equity of Rs 25 lakhs/MW of surplus power to 

avall the beneflt of Central Govt Incentives Independent Power Producers (IPPs) wlll also be 

el~gible for financlal Incentives However In such cases MNES grants will be on par wlth prlvate 

sector projects 

B) INTEREST SUBSIDY SCHEME 

Projects generating 4 MW or more power mvolvlng change of boder & turbine Interest Sub~idy 

equivalent to Rs 35 lakhs/MW to the promoters payable through Fls in the form of subsldlzed loans provlded 

the loan component of the project IS at least 60% of the project cost of Rs 4 crores/MW 

Projects uslng thew exlstlng facll~t~es w~th mlnor mod~ficat~ons for generat~ng 1 4 MW of surplus 
power Interest Subsidy equivalent to Rs 15 lakhs1MW to the promoters payable through FIs in the form 

of subsidized loans provided the loan component of the project IS at least 60% of the project cost of 

Rs 1 5 crores/MW 

E HUDCO' s I N I T I A ~ E S  
HUDCO has entered this field recently dnven by the fact that alternatlve projects such as cogeneratlon 

projects are the future and are directly relevant to ~ t s  mandate of better ut~l~zatlon of waste Reallzlng thls 

HUDCO decided to set up a Waste Management Cell in 1994 withln HUDCO Through thls Cell HUDCO 

provides financlal asslstance (in the form of loans) and technlcal asslstance (in the form of project formulation) 

for solid waste management HUDCO besldes being a provlder of funds is also becomlng a project 

facllltator and an arranger of funds The technlcal asslstance 1s provided free of charge In the case of the 

project belng submitted for HUDCO financing In all the projects besldes provldlng technical assistance 

and HUDCO finance any subsidy/soft loan available from GO1 IS routed through HUDCO In order to 

facllltate processing of the projects 

HUDCO has recently entered thls area due to ~ t s  capaclty for power production generatlon-a baslc 

Infrastructure need m an envuonment fnendly manner using a renewable source of fuel HUDCO has recently 

financed 4 bagasse-based cogeneratlon unlts In 

Mudhol Ravatai Sahakan SakXare Karkhane N~yanrt Rana Nagar Trmmupui Kamataka The Installed 

Capaclty of the cogen plant 1s 12 5 MW wlth an Exportable Power Capaclty of 7 735 MW It has been 

financed with a Rs 12 crore term loan from HUDCO wlth assistance in the form of Capital Subsldy from 

MNES Soft Loan from MNES and Capital subsldy from the State Govt 

Vadodra (Gujarat) Vadodia D ~ s t t  Co op Sugar Cane Growers Unlon Ltd Vadodra Thls new 

sugar mlll will have a cogen plant whose Installed Capacity wlll be 9 MW wlth an Exportable Power 

Capaclty of 5 MW It has been financed wlth a Rs 12 9 crore term loan from HUDCO w ~ t h  asslstance 

in the form of Capltal Subsldy from MNES Soft Loan from MNES and Capltal subsidy from the 

State Govt 

Satara (Maharashtra) Krlshna Sahakarl Sakhar Karkhana Ltd Karad Maharashtia This project 

has been set up In an existlng mill and ~ t s  cogen plant will have an Installed Capacity of 30 MW wlth 

Exportable Power of 13 7 MW The HUDCO loan component 1s Rs 3494 38 lakhs 



INTERNATIONAL WORKSHOP- Alternative Bagasse Cogeneration 

Sang11 (Maharashtra) Vasant Dada Sahakarz Sakhar Karkhana Ltd Sangh Maharashtra It IS to set 

up a cogeneration plant In an existing m ~ l l  wh~ch wlll have an Installed Capacity of 12 5 MW wlth an 

Exportable Power Capaclty of 6 88 MW wlth a HUDCO loan component of Rs 1647 82 lakhs 

These inltlatives of HUDCO total to a Project Cost of Rs 167 11 crore with HUDCO s component belng 

76 44 crore a Cap~tal Subslty from MNES of Rs 14 crore and Soft Loan support from MNES of 35 04 crores 

Thls would be for a total Installed power of 63 75 MW wlth exportable power of 33 33 MW All these projects 

are being considered under the Demonstration Programme of MNES and are el~gible for attractive financlal and 

fiscal benefits 

In order to spur future development In this sector HUDCO has recently revised ~ t s  Interest rates as follows 

W Non-Govt Guarantee Projects 14 5/15 0% for 10115 year repayment perlod 

W Govt Guarantee Projects 14 0114 5% for 1011 5 year repayment period 

For projects whlch are considered under the Demonstration Program of MNES the Interest rate would 

be 2% lower 

HUDCO has several other bagasse-based cogeneration projects in the pipellne 

W Jlnd (Haryana) W Shahabad (Haryana) 

Godavm Sugar Mllls (Karnataka) W Akluj (Maharashtra) 

POLICY MEASURES AND INITIATIVES 
The National Program on Biomass Power Generation is a special scheme with a package of ~ncentlvesl 

central financial assistance for a)  cogeneration demonstration schemes b) bagasse I biomass based 

cogeneration c) biomass-based power d) Taluka level b~omass power and e) blomass assessment studies 

Other than this UNDP and USAID have lnitlated consultations and projects for findlng options towards 

commerc~al~zation of bagasse-based cogeneration plants 

Promotion of b~omass-based power generation In the country IS being encouraged through enhancement 

of favourable policy regimes at the State as well as Central levels The State pollcles Include buy-back1 

wheellnglbanklng of generated electricity by the State Electrlclty Boards lncentlves In the form of sales tax 

exemptions participation in equlty and grants etc At the Central level the Mlnistry has announced financlal 

support through its various schemes The Government 1s also provldlng encouragement to these projects 

through liberal policies for prlvate sector partlclpatlon In power generation A host of fiscal incentives such 

as concesslonal custom duties exemptions of exclse duty and central sales tax tax holidays accelerated 

depreciation etc are avallable too 

Although there is some progress In t h ~ s  area with 28 projects commlssloned 30 under construction and 

40 in the pipeline the ball is now in the court of the sugar mllls to become proactive and invest in frultful 

opportunities such as bagasse cogeneration 

I thank the organizers for invitlng me to Inaugurate th15 workshop and commit my wholehearted support 

to thls effort 
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KATHLEEN MCGINTY 
Former Environmental Adv~sor 

to Pres~dent Clinton 

Let us step back before delving Into the subject at hand and give a broader context to t h~s  meet~ng Thls 

is more appropnate because many of you are actlve m many sectors of the economy In add~tlon to sugar 

product~on 

I have to indulge m the predictable T h ~ s  gathenng 1s espec~ally sweet for me I mean ~t s~ncerely not 

because t h~s  gathenng 1s of the pmducers of sweet This however helps mark a terr~fically important turnlng 

polnt in our effort to make progress on cleaning and preserving the envlronrnent There IS a h~stonc qual~ty 

to thls gathenng Why? Because at ~ t s  heart it is a gathenng of buslness individuals who are determined 

both to enhance their bottom l~ne  and enrich the envlronment at the same tlme Now that is histonc 

Not too long ago a gathenng llke t h~s  would not have occurred For many environmental and econom~c 

Interests seemed ant~thehcal to one another In the US the battle l~nes have been drawn for 30 years or more 

You have to choose" it was asserted It 1s & jobsa  the envlronment the envlronment or the economy 

F~nally all that 1s startlng to change m the US and the sugar industry has helped lead the way For 

instance there was the daunting job of restonng the Everglades whch were dralned and polluted Sugar 

operators came forward and offered Best Management Pract~ces whch dramatically reduced phosphorus 

and other polluting run off saved dollars and saved the Everglades 

Gemng closer to the subject here cleaner energy and more effic~ent energy use is a b ~ g  part of the answer as 

well I agan give the example of a Chlcago school -An Eneqgy Serv~ces Company came to carry out an Energy 

Au&t and showed the school how to reduce energy use drast~cally The result - energy SAVED a lot of pollut~on 

avolded and the school finally had dollars ~t could put Into new books and long overdue school repaus So the 

environment the economy and social pnonhes - not banhng but comng together in one coherent Integral 

whole And you are here to talk about another huge part of the answer Renewdble Energy m part~cular Bagasse 

Cogenerahon promses to add significantly to your bottom hne to create new jobs -employing people m rural 

areas where job programs often do not reach And along w~th these economc gans ~t pmmses s~gn~ficantly 

also to clean up the aw by keep~ng out coal and avolhng land and water polluQon caused from the storage of fly 

ash waste It is a temfic win-win-wm situation And I commend you for wanhng to be part of ~t and our mends 

at USAID and Winrock for helping to lead the way 

Some of you are already shanng what can be done TASL m Tam11 Nadu for example IS generat~ng 19 

MW year round And some 15 other mlls are exporting power to the gnd in India But so much more can be 

done m a country like India where the potentlal IS around 3500 MW But ~t IS not necessarily easy There are 

challenges to be overcome 

Storage of fuel 

Transport of fuel 

Secunng fuel 



INTERNATIONAL WORKSHOP- Alternative Bariasse Coneneratlon 

Sufficient year-round generation 

Connection to the gnd 

And perhaps one of the most daunting challenges has been in secunng the necessary capltal and financrng 

to enable the project to take off considering the cooperative nature of this sector 

In this regard I want to share wlth you a new opportunity and approach that has been deslgned to 

address just thls lund of challenge This tool, the Clean Development Mechanism is bullt on the same 

pnnclple we are talking about - namely no confllct between the environment and the economy and on the 

contrary mutually reinforcing The CDM takes this concept to the global level 

There should be no conflict between efforts to protect the global environment and to promote growth 

and development In a country like India The CDM enables partnershlps to be developed so that both can be 

pursued simultaneously So a couple of quick polnts about the CDM 

A) WHERE DOES IT COME FROM3 
CDM was proposed in Article 12 of the Kyoto Protocol that was slgned by the Conferenclng Partles of 

the Unlted Nations Framework Convention on Climate Change (UNFCCC) In December 1997 It envisages 

'trading of carbon credlts between different countnes and provides opportunity for countnes like Indla to 

benefit enormously CDM is expected to become operational in year 2000 

B) IS THERE ANY EXPERIENCE TO DATE - EXPERIENCE OF HOW IT MIGHT WORK' 
Through an earlier mechanism of Joint Implementation (11) whlch later came to be called Actlvitles 

Implemented Jointly (AIJ) pilot projects were taken up There were about 70 projects worldwide Examples 

are a Japanese Steel Company lnvestlng m Chlna to get carbon credlts and an Amencan company Investing 

in the Honduras 

C) HOW MIGHT YOU GET INVOLVED3 
The industry can be involved by working at global and domestic levels It 1s Important for the industry to 

be engaged in this as a cohesive group in order to show everybody including the national government that 

you are actively Interested Perhaps organizations like Winrock TERI and AID could help you m fostenng 

such partnershlps 

@ CONCLUSION 
So to bring you back to where we started the environmental challenges are great But if we are creative 

d we work together, the opportunities are nch as well 

Thank you for your leadership in searching out the win wins Thank you for your interest in lmprovlng 

the environment, and the economy too 
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JAMES BEVER 
Deputy Misslon Dlrector 

US AIDflndia 

I am very happy to be here today addressing this distinguished gathenng and the industry In this important 

area of sustanable energy development As you all know th s  workshop is being held as part of the technical 

asslstance actlvity of the Alternative Bagasse Cogeneration (ABC) project ABC 1s one of two components 

Efficient Coal Conversion (ECC) being the other of the Greenhouse Gas Pollutlon Prevention (GEP) project 

The GEP project 1s one of the Important initiatives supported by the USAgency for Intematlonal Development 

(USAID) in the climate change area 

The ABC project component promotes cogeneration (production of steam and electr~clty) uslng 

sugarcane bagasse in high-efficiency bollers In sugar mills as a means of producing electric power 

with zero net Greenhouse Gas (GHG) em~ssions Thls component 1s extending the merlts of bagasqe 

cogeneration to the use of other (alternative) blomass fuels year round Presently many cogeneration 

developers use available fossil fuels such as coal or lignlte in the off-season My colleague Dick 

Edwards will cover the basic components of the GEP project In more detall durlng the technical 

session 

For those in the auhence who may not be familiar wlth USAID s involvement m the Indian sector I will 

take a few mnutes to put the GEP project in context of the Missions past involvement In the energy sector 

and the present strategic focus 

US economc asslstance to India began in 1951 Since then the US has provided approximately $13 

billion to promote economc development m Indla Much of this assistance was provided as loans for 

infrastructure development half of it was food a d  Most of these resources were dedicated to promoting 

agncultud development and food secunty Many of the large thermal power projects were built m the 

1960 s with USAID funding 

With the advent of economc hbedizahon m the early 1990 s there has been considerable progress In 

terms of growth Consistent wlth those pollcy reforms USAID has been able to reorient its program from 

infrastructure development and technology transfer largely in agriculture to a program whlch now focuses 

on deepening and broadening economc and sustanable growth by focuslng on stablllzing the rate of 

population growth and slowing envlronmental degradation Population stabilization and reduced pollution 

will limt dangers from global warrmng and loss of biodwersity 

As we are all aware rapid population growth and urbanization affect both Indla s natural resources and 

the global environment Achieving economic growth targets for the country and simultaneously preventing 

envlronmental degradation 1s one of the greatest challenges that India faces today 

Inda 1s estlrnated to be the slxth largest producer of GHG in the world and growth wlse the second fastest 

after Chma The slngle greatest contributor to Inhas GHG 1s the power sector fueled pnmanly by hlgh-ash 
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coal Coal fired plants account for two-thds of total electnc power and pollution from coal plants will become 

an increasing problem as power production expands rapidly to keep pace with India s industrial growth 

USAID provldes training technlcal assistance information exchange and Investment support In energy 

generation restructuring and end use A major portion of USAID's power sector program 1s focused on 

support to pol~cy makers technlcal staff and administrators worlung on regulatory reforms and restructunng 

of the Indian power sector 

As mentioned earlier the slngle largest contributor to Indla's greenhouse gas emissrons 1s the power 

sector fueled pnmarlly by hlgh-ash coal coupled wlth low efficiency in the generation transmission 

dlstnbution and utlllzation of energy This pollution will c e m n l y  worsen as we seek to meet the legitimate 

energy needs of an expanding economy Coal IS the fuel source for about 70% of fossll fuel power generation 

If all additional ~ugar  cogeneration capacity (3500 MW) can be tapped it 1s posslble that up to 25 milllon 

memc tons of annual carbon dioxide emlss~ons can be avolded assuming that this demand would otherwise 

be met by coal 

Bagasse-based cogeneration 1s one of the most exclting areas of energy development m India today- 

particularly for the Indian sugar industry whch  like its counterparts elsewhere rn the world is constantly 

grappling wlth the cyclic nature of the raw matenal and fluctuating demands and pnces Cogeneration and 

sale of power to the grld or a third party provides to some degree a safety net to this cyclic operabon 

I am aware bagasse cogeneration 1s not a new concept to Indian sugar mills However, what is 

changlng 1s the concept of cogeneration and sale of surplus power leading to the cogeneration unlt as 

a separate profit center in the sugar mill Untll recently most sugar mlll bollers were designed primanly 

to meet electrlc~ty needs of the mill and surplus bagasse and other cane trash was slmply Incinerated 

Now wlth the increasing willingness of State Electnclty Boards to adopt MNES policy guidelines on 

remunerative tariffs for electricity sold to the grid Investment In high efficiency cogeneration facilities 

1s fast becomlng an attractlve proposition for sugar mllls Long-term clear policies wlll make Investment 

In this area more attractive from an investors perspective 

Elecmcity generation through bagasse cogeneration 1s Important In Ind~a  due to its hlgh potential 

India has one of the largest sugar industries m the world with over 490 mills The Indlan sugar industry 

provldes dlrect employment to over 400 000 people and Indirect employment to another 4 mlllion mostly 

in the rural areas Thus the soclo-economic implications for value addltlon through electrlclty generatlon 

are significant In the Indlan context Electnclty generatlon in addltlon to meetlng their own requirements 

IS a good way to generate income for sugar mllls apart from providing much needed power to rural areas 

Power generation through multiple cogeneration plants spread throughout the country can alleviate to 

some extent transmission and dlstrlbutlon lo3ses whlch have been the bane of power supply in rural areas 

for long 
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The cogeneration process helps modernizing plant operabons by using high pressure (>60 ata) high 

temperature (>430°C) boilers whlch replace the old ones Cogeneration has obvlous environmental benefits 

in terms of replacing fossil fuels For instance each kwh of energy from biomass fuels prevents 0 3 1 kg of 

carbon ermsslons by replacing coal-based power generahon, and 0 23 kg by replacing oil based power 

generahon Thus this hlgh potentla1 for GHG mihgation can eventually result in good business for sugar 

mills in the context of global cllmate change initiatives such as the Clean Development Mechan~sm (CDM) 

The Indmn sugar cogenerahon industry appears to be flrmly on course to reach greater heights Most of 

the equipment for cogenerabon is avalable ind~genously wlth the installed cost being less than $750 per 

installed lulowatt whlch is less than the cost of a new conventional coal thermal plant Further progress~ve 

pollcies and incentives put in place by some states such as Maharashtra and Karnataka make cogeneratlon 

even more attrachve I hope that the sugar industry will take full advantage of these and integrate cogeneratlon 

into the= regular operations 

Given this encouraging trend USAID is very happy to have made a modest contribution to the cogenerahon 

sector through this project and will continue to explore future possibilibes of pushing t h~s  sector forward 

I hope today's deliberabons will go a long way in throwing light on various outstanding issues I wlsh you 

all success for the day-long workshop 
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Winrock International, USA 

GEP-ABC PROJECT DESCRIPTION 

Office Director Office of Energy Envlronment & Enterprise Dlvlslon 
US AID/India 

It is Indeed a great pleasure for me to provlde an overview of the Altematlve Bagasse Cogeneration 

Component of the Mission's Greenhouse Gas Pollution Prevention project - GEP m short. At the outset 

I would also like to commend W~nrock International for their initiative in organizing thls conference and 

bnngng together major representatives of the Indian sugar industry 

GEP is USAID's largest climate change project and IS funded out of the US Government s commitment 

to the pilot phase of the Global Envlronment Facility and was designed in close cooperation with the 

Government of India to address the acute problem of greenhouse gas ermssions from the power sector 

The GEP project embodles the US comtrnent  to belng a partner to India m solving global environmental 

problems The pnmary objective of GEP is to reduce ermssions of greenhouse gases per unit of power 

generated The project was signed between the Govemment of India and the US Government through 

USAIDfIndla 

The major Indian implementing agency for this project IS the Industnal Development Bank of India and 

the National Thermal Power Corporation The Federal Energy Technology Center under the US Department 

of Energy (DOE) is the other major US partner The project 1s proposed to work in harmony with the 

Govemment of Indla (GOI) National Biomass Program 

The project component that is of Interest to today s audience is the Altematlve Bagasse Cogeneration 
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(ABC) Component whlch 1s a~med at demonstrating the commerc~al potentlal of cogeneratlon (product~on 

of electnclty and steam) using b~omass fuels for year round export of h ~ g h  quallty power to the gnd 

Access to advanced coal conversion technologies and power plant management and operation techn~ques 

will be provlded under the Efficient Coal Conversion (ECC) Component 

E l  How IS GEP DIFFERENT? 

GEP takes the concept of cogeneratlon one step further and extends it to the use of bagasse cogeneratlon 

to Include year-round cogeneratlon for export of power to the gnd fuelled solely by bagasse and supplemental 

b~omass for the off season Funded In part by the GEP Project EID Parry (Indla) has already achieved the 

unlque dlstlnct~on of being the first sugar cogeneratlon unlt in India that operated over 270 days last year 

to export power to the gnd uslng entirely bagasse wlth supplemental b~omass fuel In part that was ach~eved 

by the commltment the wgar mlll made as a precond~tlon to ~ t s  partlclpatlon In the GEP project to Invest 

In h~ghly effic~ent hlgh pressure multl-fuel bo~lers and hlgh effic~ency turb~nes coupled with efficient 

bagasse handllng and storage systems 

Analysls shows that durlng the per~od that coal is used In a bagasse cogeneratlon plant the emlsslons of 

greenhouse gases are typically more than those of a convent~onal coal fired power statlon However, ~f 

b~omass fuels are used the greenhouse gas emissions are slgn~ficantly lower Moreover the cane dnd other 

blomass acts as a CO, \ink whlch re-cycles the CO produced dunng the combust~on process maklng 

bagasse/b~omass cogeneratlon a net zero carbon diox~de emlsslon cycle 

The Indlan sugar Industry 1s est~mated to have a potentlal of 3500 MW but less than 100 MW has been 

tapped so far Future advancements In methods and technolog~es can substantially lncrease t h ~ s  potentla1 

For Instance present cogeneratlon technology makes ~t poss~ble to produce 80 100 kwh per ton of cane 

but ~t 1s posslble to nearly double thls ~f cane trash can be used as a supplementary fuel Further uslng more 

advanced gas~ficat~on technologles In comblnatlon w ~ t h  cane trash collect~on potential electrlc~ty generation 

can be over 200 k w h  per ton of cane 

El OPERATION OF THE GEP ABC COMPONENT 
The maln elements of the GEPABC component where Industry can partlclpate in the GEP project under 

the ABC component 

w FINANCIAL ASSISTANCE 
Grants of up to $40 OOONW (Rupee equivalent) of Installed cogeneratlon capaclty 'abject to a maxlmum 

of $1 Mllhon to buy down the cost of debt of settlng up hlgh pressure cogeneration systems uslng blomass 

supplemental fuel In the off-season for year-round cogeneratlon 

Mlnlmum el lg~b~hty crlterla 1s-sugar m ~ l l  capaclty not less than 2500 tcd wlth sound and sat~sfactory 

financial records commltment for ~nstallatlon of year round cogeneratlon system uslng bagasse/b~omass 

for no less than 270 days a year and a hlgh pressure boller of more than 60 ata pressure and 430°C 

temperature 

Under t h ~ s  category IDBI the host-country counterpart Issued two request:, for proposals In 1995 and 
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1997 respectively Five projects with a total installed capacity of 116 MW were selected for assistance after 

a ngorous technical and financial evaluation m the first round Of these four projects have already 

comrmss~oned their cogeneration plants and are geared up to meet the requirement of year round generation 

using entlrely bagassel biomass fuels In the second round four more projects with an installed capacity of 

88 MW were selected m-pnnciple for financial assistance Note again that all proposals submitted under 

both the RFPs were evaluated technically and financially aganst predetemned cntena 

With four projects comlng on line and demonstrating the viability of operating sugar cogeneration 

units year-round with biomass fuels and the others in advanced stages of implementation the Project 

objective of supporting up to five cogeneration plants (50-75 MW) have been more than successfully met 

Funds are being routed through IDBI and the Department of Economic Affairs to selected project 

participants In case of falure to meet the GEP cntena the entire GEP grant will be converted to a 

commercial loan by IDBI 

TECHNICAL ASSISTANCE AND TRAINING 
Agan the host-country implementing agency is IDBI with technical servlces being provided directly 

by our US partners Federal Energy Technology Center (FETC) of the US Department of Energy with actlve 

partxipation of Winrock International India ISMA ITCOT MITCON and others 

The pnmary objective is to provide pre-investment support to stimulate and catalyze pnvate sector 

Investments in alternative bagasse1 biomass cogeneration plants in India Ongoing support is being provided 

to Indian sugar nulls ln 

a) Improving the performance of boilers turblnes and other related equipment using biomass fuels and 

rmnimzing process steam 

b) Biomass handling and storage systems 

c) Any other Issues related to promotion of year-round cogeneration using entirely biomass fuels 

To date four sugar mills (total design capacity of 82 5 MW) have recelved over and above technical 

assistance grants to conduct applled research and development of cane trash collection and baling systems 

and for feasibility studies to upgrade their existing systems to high pressure high efficiency systems for 

year-round operation using biomass/bagasse 

Another mlestone in the ABC Component was the tie-up between FETC and Winrock International to 

set up a structured system to monitor the CO, offsets from the selected demonstration projects and an 

institutional structure to record and share the experience of these projects wlth the Indlan and the 

international sugar industry with respect to cane storage, handling supplemental blomass fuel handllng 

cogeneratlon system performance environmental and econormc gans etc 

In the course of this year and the next Wlnrock International and FETC will conduct a number of 

profess~onal development courses provide technical advisory services d~sseminate information on Indlan 

and international expenences in sugar cogeneration and provide opportunities for study tours and training 

in specific areas We have been greatly encouraged to see the immense response to the Project from the 
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Ind~an sugar Industry and feel pnvlleged to be a part of the cane cogeneratlon revolution in the country We 

hope the few sugar mills that were the early rlsk takers in investing m year round cogeneratlon based on 

blomass fuels wlll create an avalanche of projects in the comlng years and wlll help reallze the full potentlal 

for cogeneratlon from bagasse/blomass m the country 

(Other sugar mills wzth lnnovatzve zdeas or lookrng for technzcal asszstance to upgrade thezr systems 

are encouraged to contact the FETC Reszdent Advzsor Mr Suresh Jam, dzrectly) 



Cogeneration and Advanced Technology Initiatives 

HAWAII CASE STUDY (HC & S) 
ROBERT J KWOK 

John H Payne Inc USA 

E INTRODUCTION 
The Hawaian Commercial & Sugar Company (HC&S) is the largest sugar plantatlon m Hawall Located 

on the Central Valley of Maui cane cultivation covers 37 000 acres, of which 17 500 acres are harvested 

every year Due to the low rainfall (about 30 Inches per year) on the Central Valley the plantatlon 1s totally 

lmgated by dnp imgation system Daily average water consumption ranges from 250-300 million gallons 

per day Water is obmned from two sources namely dltch mountan water collected from East Maui Mountalns 

and pump water located on the plantation HC&S have 16 deep wells capable of pumplng 250 mlllion 

gallons per day and utilizing 12 MW of power 

HC&S operates two sugar mills Puunne wlth a gnnding capacity of 7600 TCD and Pala with a capacity 

of 4000 TCD Annual cane processed between the two factones is around 1 7 mlllion tons yleldlng about 

220 000 tons of sugar Electnclty 1s generated from both hydroelectnc power plants and the two mlll 

biomass power plants Annual electncity generated is around 250 000 Megawatt hours of which 100 000 

Megawatt hour5 are sold to the Maul Electnc Company The irngatlon pumps and the two mills consume 

the balance of elecmcity The total generating capaclty at HC&S 1s 55 MW of which 16 MW of firm 

capacity are contracted with the local utility company The grinding season for both factones ranges from 

260 to 290 days 

HISTORICAL BACKGROUND 
Puunene mll  was bullt in 1901 with two mllling tandems powered by two sets of Corl~ss steam englnes 

each The gnnding rate at that time was 100 TCWtandem The power plant consisted of 12 low pressure fire 

tube boilers operahng at 150 psig HC&S also operated a central power plant buming fuel oil and generating 

electncity for the entire Island of Maui In 1946 Maul Electnc Company bullt its first power plant in 

Kahului and took over the distnbut~on and sale of power on Maui In 1946 the Puunene power plant 

installed its first turbogenerator TG 1 a 4 MW unit operatlng at 150 pslg with exhaust at 15 psig and 

equipped wlth a condensing unit In 1952 two new high-pressure boilers replaced 12 onginal fire tube 

boilers Bollen No 1 and 2 are rated at 60 tonslhr each operahng at 900 psig and 750 O F  Both bollers are 

designed to bum bagasse and Bunker C fuel oil In 1952 TG-2 a 7 5 MW unlt extracting at 150 psig and 

equlpped with a full condensing unit was Installed to utilize steam from boilers No 1 and No 2 In 1975 

Boller No 3 a Fosterwheeler unit rated at 145 tonslhour and operating at 450 psig and 750°F was installed 

The bo~ler is also capable of burning 100% fuel 011 That same year TG-3 was installed to receive steam from 

Boiler No 3 This 1s a 10 MW unit with 15 psig extraction and full condensing unlt 

Between 1980 and 1982 all four Corliss engines were removed and replaced with new steam turbines at 

the two mill tandems In 1982 a new turbogenerator TG-4 was installed Thls is a 20 MW unlt wlth 15 psig 

extractlon and equlpped with a condenser to condense up to 15 MW A firm power contract was negotiated 
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and signed with the Maul Electrrc Company to supply 12 MW of electncity In 1986 trash rmlllng was 

inltlated at the cane cleanlng plant to provide addrt~onal fiber to the bollers In 1988 all three boilers were 

converted to bum coal as a supplementary fuel to offset the high pnce of fuel 011 In 1992 the two m~lling 

tandems were converted Into a single tandem and the power contract was renegot~ated and Increased to 16 

MW In 1998 TG-2 faded on an overspeed cond~tion A new TG-5 rated at 18 MW w ~ t h  150 psig extractlon 

and full condensing has been ordered and will be comm~ssioned m year 2000 

The Pala mlll was bullt In 1874 The whole mlll was completely re built in 1905 The factory operated 

w ~ t h  a single mllllng tandem unt~l 1971 when a Silver Ring dlffuser was installed In 1950 a single Rlley 

boller rated at 100 tonskour and operattng at 450 p s ~ g  and 750 O F  was installed A new turbogenerator TG 

I rated at 4 MW with 150 pslg extractlon was Installed In 1952 TG 2 was added This unlt IS rated at 5 MW 

and operated wlth 15 pslg extractlon and full condensing In 1981 a rotarylflash bagasse dner was Installed 

to meet particulate emisnon regulat~ons The dner was also equipped with a scrubber In 1986 trash mllllng 

was in~t~ated to provide add~tional ftber to the boller In 1987 the bagasse dner was taken out of service and 

replaced w ~ t h  a full wet scrubber to be able to meet coal emisslon requirement In 1990 a new ABB 11 5 MW 

turbogenerator with double extraction dnd condensing unlt was installed to replace TG-1 and TG-2 

Present Capacity (MW) 

The HC&S Power system from the three power generating statlons totaled 55 MW The Puunene power 

plant has a total capacity of 38 MW Paia with 1 1 MW and a total of 6 MW from three hydro power stations 

With the replacement of TG 2 w~th  TG 5 the Puunene capaclty wlll increase to 46 MW givlng a total 

generating capaclty of 63 MW The power d~str~bution system consists of a total of 50 mlles of electrical 

transmlsslon to supply power to deep wells lrngatlon pump statlons and dnp stations There are two 22 

KVA tle lines connechng the two mills and the hydm power plants Export to Maul Electnc Company IS 

made through a 69 KVA tie llne Typical power dlstnbutlon from the power plants IS 16 MW to MECO 12 

MW to Ingation, 10 MW to the Puunene mill and 4 MW to the Paia mlll 

Puunene 

fl Paia 

a Hydros 

1 Paia 

Puunene 

3 Paia 

lrrigatlon 
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ELECTRICITY SALE TO MECO 

Before the firm capacity contract HC&S has been selling dump power to MECO at a very low electnclty 

pnce From 1982 onwards power sale to MECO has increased to around 100 000 Megawatt hourslyear A 

graph of power sale to MECO from 1980 through 1998 is shown in the figure above Capacity payment is 

fixed at $0 02/kWh with energy payment based on the avolded fuel cost of the utility company 

3 STEAM EFFICIENCY AND ENERGY EFFICIENCY 
For a cogeneration factory to be efficient and profitable steam economy and energy efficiency in the 

plant are extremely important The following parameters are key items that need to be monitored or controlled 

1 Low bagasse molsture 

2 Evaporator setup and control 

3 Factory computenzatlon and integration 

4 Boller eff~ciency 

Low BAGASSE MOISTURE 
Low bagasse molsture must be obtarned for efficient combustion and increase In boiler efficiency Some 

important parameters to obtarn low bagasse moisture are listed below 

a Constant and steady cane flow to the ml l  

b Low ml l  runnlng speed 

c Use of Donnelley chute and level control 

d Hot macerahon water apphcahon 

e Fine m l l  groovlng at the last two mlls 

f Good juice dramage - use of Messchaert grooves differenhal grooving 

g Flangeless top roll 
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EVAPORA~OR SETUP AND CONTROL 
The most Important unit operation for energy utilization and economy IS centered at the evaporator 

statlon A typical evaporator control scheme 1s included Below 1s a list of important parameters to be 

included at that station 

a Use of quintuple effect system instead of conventional quadruple effect 

b Condensate flash 

c First second third and even fourth vapor bleeding to juice heaters and vacuum pans 

d Automatic level and syrup and brix control 

e Evaporation rate control 

CONDENSATE CONDENSATE CONDENSATE CONDENSATE CONDENSATE 

5 FACTORY COMPUTERIZATION AND INTEGRATION 
Both the HC&S fac to r~es  are highly automated A full DCS system is used at both mllls 

Programmable Logic Controllers (PLC) are used at various unlt operatlons namely In burner 

management high-grade centrifugal control? mill electrical interlocks and small batch type operatlons 

There are three control centres namely cane cleaner milllng/diffusion boillng house and power 

plant The whole factory process is fully integrated For power export to the utility a continuous tle 

llne monitoring system is ~ncluded Due to the complexity of the plantation power system the hydros 

are all fully automated and are all remotely controlled and set up for instant load shedding In case of 

emergency power requirement from the utility 
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BOILER EFFICIENCY 
For efficient cogeneratlon boiler efficiency is a very important parameter to monitor Some of the 

important items are listed below 

a Low bagasse moisture for good combustion efficiency 

b Low excess a r  for increase m boiler efficiency Good oxygen monitoring and controlling dev~ces 

must be installed 

c Good ax distnbuhon and mxlng are essential for furnace operation 

d Use of heat recovery equipment such as a r  pre-heater economzer and feed water evaporator are 

essentlal components for the boiler 

e Use of bagasse h e r  to improve bagasse moisture and boiler efficiency 
f Good water chemstry to rmnlmze blowdown 

PUUNENE EXISTING STEAM BALANCE 
A typical existlng steam balance for the Puunene factory is included This is the balance with the TG-2 

TG-3 and TG-4 configuration At a grinding rate of 250 TNC/Hr and with Boilers No 1 and No 2 generating 

220 000 lbslhr and Boiler No 3 generating 290 000 Ibshr, total power generation is 3 1 8 MW The varlous 

steam flows at different pressures are shown in the diagram 

Puunene Steam Balance - Ex~st~ng 
Gnndlng Rate 250 TNCMr Generator Output ln MW T G 2 8 5 
Steam F~gures In thousand pounds TG 3 6 7 

TG 4 16 6 
Total MW 31 8 

Steam Pressure 4 900 425 150 15 

Steam 
Generat~on 

Bo~lers 1 & 2 

Capaclty 250 Ibhr 
Actual 220 Ibhr 

220 

Bo~ler 3 

Capacity 290 Ib/hr 
Actual 290 Ibhr 

,PRV 62 

Auxll~anes 
b 

TG 2 

Condensate 

290 

Shredder 

'PRV F R V  
24 Bo~l~ng House 

220 -+ 

10 - 
Bo~ler 3 Feedwater Heater 

23 

35 
b 

70 

T G  3 60 - 
Condensate Deaerator 32 

T G  4 65 
b 

Condensate 122 
82 83 84 Mills 42 

b 
Bo~ler 1&2 Feedwater Pump 0 

b 
Borler 3 Feedwater Pump 0 

b 
Bo~ler 3 ID Fan 0 + 

43 
b 

B 1 M~ll 21 . 
Bo~ler 1&2 Feedwater Heater 

i 0 

352 - 2 3 5 2  45 -I.-, 45 

255 ---b 

-220 

213 

UF 10 

+ 255 
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EJ PUUNENE PROPOSED NEW STEAM BALANCE 
Wlth the a d d ~ t ~ o n  of the new TG 5 unlt the new steam balance based on operating Borlers No 1 and 

No 2 at ~ t s  full rated capaclty of 250 000 lbskr and Boller No 3 at 290 000 lbslhr the total power generated 

at 250 TNCIHr 1s 36 9 MW 

Puunene Steam Balance - Proposed 
Gr~ndlng Rate 250 TNCNr 
Steam F~gures In thousand pounds Generator Output ln MW T G 3 6 7 

TG 4 18 1 
TG 5 12 1 
Total MW 36 9 

Steam Pressure+ 900 425 150 - 15 - 
PRV 40 PRV 1 1  

Auxllianes 10 Steam . B 1 M~ll 21 
Generation 

v 

Bo~ler 3 Feedwater Heater Boller 1 & 2 Feedwater Htr 
0 

Bollers 1 & 2 T G 5  200 100 U F 10 
Capaclty 250 Ibhr 
Actual 250 Ibhr loo 

250 
T G 3  100 60 

Deaerator 32 
T G  4 65 

Bollers 3 Condensate 122 + 
Capaclty 290 Ibhr B 2 B 3 84 Mills 42 
Actual 290 Ibhr 

290 Bo~ler 1 & 2 Feedwater Pump 
0 ,  

Boller 3 Feedwater Pump 
0 ,  

Bo~ler 3 ID Fan 0 

Shredder 43 

255 ---b 

430 + 255 

Pala Steam Balance - Exlstlng 
Cane Rate I60 TNCRlr Generator Output 8 5 MW 
Steam flgures In thousand pounds 

Steam pressure -+ 450 - 
Steam 
Generat~on 

Bo~ler 1 

Capac~ty 200 Ibhr 
Actual 200 Ibhr 

v 

200 + 

150 15 

PRV PRV 

0 ,  

TG 1 200 120 

4 - 
Condensate 30 

Feedwater Heater 
15 

Buster 30 

F~ber~zer 35 

Walker Mill 30 

140 

Deaerator 15 

Extraction 50 

1207.120 1 5 5 4  

+ 200 -155 
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PAIA EXISTING STEAM BALANCE 
The Paa  boiler operates at its maximum rated capaclty at all times since there 1s always an excess of 

bagasse in that mill The steam balance at the 160 TNCIHr 1s shown m the diagram on the adjacent page 

Power generation dunng the gnnding period is 8 5 MW Dunng the off season or non operating days the 

power plant can generate 10 MW at full condensing 

1 POWER CONTRACT 
The power contract with Maul Electnc Company was onginally slgned in 1982 for 10 years The 

contract was renewed for another 8 years to year 2000 Some of the pertinent clauses in the contract are 

llsted below 

a Contract payment 1s based on a fixed Capacity payment and Energy payment based on the avoided 

fuel cost of the util~ty company 

b Contract term 1s 10 years Negotlatlon can re-start two years pnor to end of contract 

c Capaclty contract for 16 MW 

d There 1s an option to increase capacity dispatch by notifying the utility one week In advance 

e Mlnimum capaclty dunng off peak hours is 8 MW 

f Minimum energy dispatch per year is 50 000 Megawatt hours 

g Avalable Factor is at 95% 
h Annual mantenance penod where dlspatch can be zero 1s 4 weeks Every five years 6 weeks of 

mantenance 1s allowed for major overhaul 

I There is a capaclty penalty for capacity not met 

J 6 tnps are allowed for both parties Penalty lucks in after SIX tnps 

k HC&S will have to shed ~ t s  irngahon load m emergency situation to prevent system failure 

F CONCLUSION 
HC&S has successfully operated a cogeneration system to provide firm power to MECO 
Factory automahon and process Integration have ~mproved power reliability to the utility gnd 
Computenzabon has optlmzed energy use and power production 
Power sale is a significant income contnbutor to HC&S profitability 
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(A GEP-ABC PROJECT CASE STUDY) 
RAM V TYAGARAJAN 

Chairman & Managing Director 

erJ WHY COGENERATION MAKES COMMERCIAL SENSE 
FOR THE SUGAR INDUSTRY 
Earnings from sugar are subject to violent cyclical fluctuations 

W Realrzatrons from by-product molasses and alcohol denved therefrom are also subject to the same 
cyclicality 
Power In contrast is not only ~nsulated from pnce fluctuations but also entitled to steady escalation on 

a pre-detemned basis 
W Duration of crushing can be extended on the economics of cogeneration even after sugar recovery falls 

to uneconomic levels 
W Additronal earnrngs from sale of power enable the sugar mill$ to better afford the cane prrces payable 

and the additional cash flows enable the mills to make cane payments on tlme 
W Earnings from sale of surplus power provides a strong lncentlve for energy con\ervatlon and reductron 

of steam and power consumption by the sugar mill 

L? ADVANTAGES OF BAGASSE BASED COGENERNION 
W Low Gestation (18 - 24 months) 

W Low Capital Investment (Rs 2 5 - 3 0 Crores/MW) 

W Renewable and readily available source of energy 

W Dispersed rural locations lower T&D losses 

W Environmental1 y cleaner 

No Sulphur emssions 

No net contribution to greenhouse effect 

L? COGENERATION PLANT-DISTINCTIVE FENURES 
W Power generanon w~th  bagasse and biomass fuel 

W Cane trash 1 Agro waste to act as additional fuel 

W Power & steam requirements of sugar factory fully met 

Surplus power generation exported to gnd 

W PPA signed with TNEB 

W Current Real~zanon - Rs 2 60 (1 Apnl 1998) - 5% increase every year 
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B KOLLUMANGUDI 
4 Integrated plant with sugar and cogeneration operations 

4 2500 TCD sugar plant 

4 18 68 MW cogeneration plant 

4 Total Project Cost Rs 90 Crores 

4 Location 

Village 

Taluk 

Distnct 

Distance from Chenna 

4 Date of comssioning of sugar plant 

Cogeneration 

Synchronization of the plant 

Tnal run 

Commercial generation from 

Kollumangudi Keeranur 

Nannilam 

Tu-uvarur 

285 krn 

19 January 1998 

May 97 

May 97 to Dec 97 

01 January 1998 

E COGEN PLANT-TECHNICAL SPECIFICATIONS 
4 TG Set 

Manufacturer GECAlsthom France 

Capacity 18 68 MW 

Type Double Extraction 1 Condensing 
Generabon Voltage 11 kV 

Transrmssion Voltage 110 kV 

3 ENVIRONMENTAL PROTECTION 
Water Pollution ETP in sugar plant 1s used for treatment of residues 

Boiler Ash Disposal Installation of Screw and Belt Conveyor System for transporting ash 

from boiler and ESP to the storage yard 

Disposal Mechanism 

1 Supporting land available 

2 Mixed ash with Pressmud in composting and converted 

into organic manure 

3 Fly ash sold to current manufacturer 

Cinder Recovery System in boiler 

Installation of Online Measurement System for oxygen In fuel gas for 

effective combustion 

Reliance on FullAutomatlon Installation of DCS Fully Automated Bo~lers 

Air Pollution 
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DHAMPUR SUGAR MILLS LTD., UTTAR PRADESH 
(A GEP-ABC PROJECT CASE STUDY) 

GAUTAM GOEL 
D~rector 

SUGARUNlTS 

Dhampur 12 000 TCD Mansurpur 4 000 TCD 

Barabanki 4 000 TCD Kashipur 4 500 TCD 

Asmoli 4 000 TCD Nepal (Jomt Venture) 2,000 TCD 

Paper 50 TPD 

Chemicals Acetaldehyde, Aceac Acid, Acetic Anhydride Ethyl Acetate Carbon dioxide 
Oxalic Acid 

- -- 
Dharnpur 24 MW 20 MW 4 MW ---- 

Mansurpur 6 MW 6 MW ---- ---- 

Asmoli 10 MW 5 MW 5 MW ---- 
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Distributed Control System to control and monitor various cntlcal parameters of Boller 

and other power plant equipment 

(Des~gned by SIEMENS) 

30 MW 15 MW 
11 kV 11 kV 

Turbo Supervisory System to control and monltor vmous cntcal parameters of Turbines 

(Designed by ENTEK I R D ) 

11 kV BUS 

52F1 \ 
/ 

Electncal Protection System to control monitor and protect vmous electncal factors 

(Designed by CROMPTON GREAVES &POWER GEM ENGS ) 

\ / 5 2 ~ 1  \< 5 2 G 2  

\/ 
/ \  
5 2 B C  \/ \/ , 5 2 F 2  \ 5 2 F 3  

Delay in payments 

Lesser evacuation of power due to poor state of transmssion lines 

Sony state of sub-stahons 

Gnd problems 

TR 
5  MVA 
11/33 kV 

INTERNAL 
LOAD 

GRID SIDE 

Motonsed Isolator 

(33 kv) 4 
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(A GEP-ABC PROJECT CASE STUDY) 
PALANI G PERIASAMY 

Chalrman Dharanl Sugars & Chem~cals Ltd 

I am very happy to part~crpate In t h ~ s  workshop organ~zed by you We took up rmplementation of 

a 2 5 ktcd Sugar plant at Polur rn TVMalai Dt In Tam~lnadu In 95-96 G ~ v e n  the sltuatlon in whlch 

the Sugar Industry finds itself where the marglns have got severely squeezed ~t has become imperative 

to seek a new source of revenue to shore up working results So r ~ g h t  from the begrnn~ng we took a 

vlew that we wlll plan to ~nstall a cogen plant from the green field stage Itself Normally sugar mills 

In the country have borlers workrng at 25 30 or 40 kg/cm7 For once we cross the range of 42 kg/cm2, 

the metallurgy for most of the innards of the boiler undergoes a sea change consequently the cost 

goes up steeply However we adv~sedly took a dec~sron to install a single boller of 80 tph rated at 64 

kg/cm2 Based on this capaclty of the bo~ le r  we dec~ded to install a 15 MW Turbine (srngle cyllnder 

~mpulse  type w ~ t h  double extractron) The entire sugar m ~ l l  plant was procured lnd~genously 

The steam parameters were chosen to match the process steam requlrement as well as electr~cal energy 

requlrement by installing energy effic~ent equ~pment w ~ t h  a view to save mdxlmum possrble quant~ty of 

electnc energy We have ~nstalled hydraul~c drrves in our mrll instead of the convent~onal steam drive 

To m~nimrze the consumptlon of steam In the process we have rnstalled a quintuple and a continuous 

pan from the rn~tial stage Itself We have rnstalled sufficient number of electrrcal condensers Further some 

of our centrifugals incorporate var~able speed drives We are now in the process of installing someV S dnves 

for our ID FD fans and feed water pump In the borler This enables us to bnng down the steam % on cane 

from the usual level of around 44% to 41% on cane Such a reduct~on In the use of steam enables us to 

extract more power from a given unlt of steam Our watchward is to save energy Even so about 43% of the 

energy produced gets consumed in the mlll itself We are stnvrng to reduce self consumbtlon and max~mlze 

export of power 

Likewise, we have also chosen to evacuate power through a 110 kV llne by stepp~ng up from 11 

kV to 110 kV The 110 kV substation was conven~ently within 5 km range of our generatron polnt 

Even though we are connected to a 1 10 kV TNEB grid we st111 face frequency and voltage fluctuat~ons 

(frequency could vary from 47 7 Hz to 51 5 Hz and sometimes the voltage fluctuates from 87 kV to 

108 kV) However ~f we were connected to a rural sub-system these fluctuations would have been 

much more pronounced 

In a b ~ d  to Improve the generation level we had to rnstall more costly machinery The extra cost 

involved towards the borler and the larger turbrne and evacuat~on facil~ty etc came to almost Rs 400 

mrllion Of thls USAID assisted us wrth Rs 21 millron Up to 70% of the cost of the plant was however 

obtalned from financral institutrons like ICICI and IREDA The rate of interest for the loan portlon works 

out to between 16% to 19% 
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The sugar season m Tarml Nadu runs for about 170 days Since the capltal investment is very high on the 

cogen plant we had incorporated an option to use lignite (brown coal) dunng the off-season to increase the 

annual avadability of the plant though currently we are not exercising thls option 

In day-to-day operahons we find that one of the factors affechng power generation 1s inadequate avalabihty 

of bagasselfibre Due to different vanehes of cane their age and cllmatic condIhons etc the % of bagasse on 

cane fluctuates quite widely Tlus results in quite a large vanahon m the quantity of bagasselfibre avalable for 

power generahon 

Therefore whlle plantlng sugar cane it 1s necessary to select a sultable set of varieties of cane whlch 

y~eld larger tonnage of cane as also have high fibre content Moreover the plantlng/crushing is extended to 

a maximum possible period without compromising on the recovery It is quite clear that these two are qulte 

contrad~ctory requirements Moreover the vanation m moisture % bagasse process steam consumpt~on 

crushing rate and cane avalabihty have a profound effect on the stable operation of power generation 

The performance of the mll  has been quite encouraging Dunng the first season of operation extending to 

6 5 months we were able to export 18 5 mllion units of power to the TNEB gnd worth Rs 47 5 mlhon 

Monthly export of power (97-98 sugar season) 

Month Power Exported (m~ll~on un~ts) 

January neglig~ble 

February 2 69 

March 3 39 

April 3 75 

May 4 01 
June 2 65 

July 2 01 

Total 18 50 

Our current crushing season (98 99) started on 22 11 98 Since then we have exported about 150 

thousand units per day to the gr~d  The power generated and exported dunng the penod commencing from 

Nov '98 to Jan '99 is as follows - 

Month Power Generated Mlll Consumpt~on PowerExported 
(In Mllllon Unlts) 

Nov 98 1 03 0 48 0 55 

Dec 98 7 29 3 13 4 16 

Jan 99 7 73 3 28 4 44 

16 05 6 89 9 15 

(We have exported 9 15m unlts (kwhrs) Thus we are exporting about 57% of power generated) 

The Electricity Board (EB) is currently paying us at the rate of Rs 2 60 per unlt (roughly 6 05 US cents) 
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Thu5 during the first year of operat~on we have exported power worth Rs 47 5 milllon And for 3 months 

of the current year we have exported power worth Rs 23 8 million It may be noted that this extra Inflow of 

money 1s most welcome in the context of hlgh cost of cane on the one hand and relatively low realizations 

on sale of sugar on the other 

Currently we are generating about 14 MW of power As our sugar plant requirement 1s about 6 MW at 

present we are able to export about 8 MW of power to the gnd 

Pumplng 7 to 8 MW to the grld may appear to be qulte a modest contr~butlon Yet ~t is to be noted that 

most of the power is generated dunng summer months when the demand on the grld 1s very high any 

Inflow Into the gnd however modest 15 most welcome I do hope that other sugar mills may also like to take 

up cogen so as to augment the supply of power 

We could set out the advantages and disadvantages of cogen unit thus 

I a The extra revenue is a most welcome addit~on to the total stream of revenue generated by the mlll 

Our experience is qulte encouraging so much so that if we were to establ~sh another sugar mlll In the 

near future we would certainly look at and opt for a cogen facllity 

11 a The most important dlsadvantageskandlcaps that we are faced with are as follows 

b The operation of the h ~ g h  pressure boller worklng at 64 kglcm' (operatmg at 485 +I- 5OC) IS s u ~  

generls so far as sugar mill5 are concerned The operations involved in running this type of boller as 

compared to the traditional bollers In the sugar mill entail more cnt~cal handhng and control 

c The quality of feed water also becomes a matter of crltical Importance because a h ~ g h  pressure boller 

needs water of hlghest punty (as compared to more lenlent parameters for a lower pressure boiler) We 

use all the available condensate from the turblne to feed the boller and we also use steam from only one 

body Both these sources are not enough Therefore to top up we have to use DM water Quite a lot of 

money has to be $pent to run the DM plant as we also have to use ~t almost at full capacity during the 

season 

d The Investment on the cogen system is extremely high as ~t comes to almost 213 of the cost of the 

sugar plant ltselfl The cost of the borrowed funds is also extremely high so the burden of Interest 1s 

consequently very high 

The existing tarlff that is belng paid by the EB does not even meet the cost incurred towards the 

lnstallatlon of the cogen system on the capltal account much less towards the runnlng cost However we are 

happy to state that TNEB 1s a good pay master and pay the bllls wlthln 213 weeks of presenting monthly 

bllls 

Nevertheless inspite of all these handicaps we are confident that once half of our investment is recouped 

we wlll be out of woods 
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DR SCOTT Q TURN 
Professor HNEI University of Hawaii 

The topic of thls talk is the state of the art of advanced technology for electncity generation from 

biomass The talk will focus on a single advanced technology biomass integrated gasifier combined cycle 

(BIGCC) power generation The first part of the presentation will cover the basic configurations and 

components of BIGCC systems the second part will cover projections for system efficiencies and capital 

costs as a function of BIGCC electncity generating capacity Projected costs of electncity will be discussed 

using informat~on from three separate case studies with final conclusions to follow 

l.3 INTEGRATED BIOMASS GASIFIER/ 
COMBINED-CYCLE SYSTEM 
The basic BIGCC system converts blomass au  and/or steam under reducing conditions m a gasifier to 

produce a high temperature stream of combustible gas contaning H, CO CH, N, CO, H,O and higher 

hydrocarbons The gas stream IS condit~oned (the method depending on the system configuration) then 

combusted with air and the hot exhaust products are fed through the gas turbine The gas turb~ne h v e s  a 

compressor (to provlde sur to the combustor and after a second stage of compression sur to the gasifier) and 

also a generator for producing electncity The hot exhaust products are passed through a heat recovery 

steam generator rasing steam whlch powers a conventional steam turbine in the bottoming cycle and also 

supplles steam to the gasifier if requlred 

Gas~fier Gas Condltionlng 

Elomass 

Turbine 
Generator 

k r  
t 

Water - 
Steam Turblne 
Generator 

Electnciiy 

- 
4 



INTERNATIONAL WORKSHOP Alternat~ve Bagasse Cogeneration 

I-' COMMERCIAL SUGARCANE-BASED GASIFIE~~OMBINED-CYCLE 
SYSTEM 
T h ~ s  slide shows a BIGCC system Integrated with a sugar factory The components to the nght of the 

s l~de  are slmllar to the baslc system shown In the prevlous s l~de From cane processlng bagasse at 50% 

molsture IS d r~ed  and fed to the gas~fier The gas condtt~onlng block of the previous slide is expanded to 

lnclude possible component which may be requlred A cyclone IS often used to remove - 95% of part~cles 

entra~ned In the gas stream exltlng the gaslfier The tar cracker component IS often used to break hlgher 

hydrocarbon specles whlch are condensable (at temperatures <400°C) into permanent gas specles such as 

CH, CO and H, A hot gas filter utll~zes ceramlc candle filter elements to remove remalnlng part~clec wh~le  

malntainlng process temperature An alkali getter bed may also be employed to reduce vapor phase alkal~ 

concentrations below the gas turblne fuel tolerance levels of 50 ppbw The gas turbine power block and 

bottom~ng cycle are s~mllar to the prevlous s l ~ d e  w ~ t h  the maln d~fference belng the substitut~on of a 

double extraction condens~ng steam turblne In place of the stra~ght condens~ng steam turbine to allow 

5team to be directed to cane and julce processlng in the sugar mlll Flue gac exltlng the heat recovery steam 

generator IS d~rected to the bagasse dryer to prov~de the requlred thermal energy 

Alkall 

Julce 
Processing 

Heat Recovely 
Steam Generator 

T I  ALTERNATIVE BIOMASS GASIFIER SYSTEMS 
Lets look first at the different types of gasifiers currently be~ng advanced to commerc~al status in comb~ned 

cycle systems All have focused on varlants of f lu~d~zed bed technology a reactor vessel contalnlng hot Inert 

mater~al wh~ch acts as a thermal energy camer prov~des for rap~d rates of heat and mass transfer and provides 

well-m~xed and near-isothermal reactor conditions 

On the next page the schemat~c on the left shows a bubbl~ng flu~d~zed bed where the bed matenal passes 

from a smaller d~ameter dense bed to a larger dlameter disengagement zone w ~ t h  corresponding lower veloc~ty 

At the lower veloclty entra~ned Inert materlal and unreacted fuel and char parbclec d~sengage from the flow and 

return to the dense bed wh~le the product gas stream exits the top of the reactor 
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The center schemahc shows a circulahng fluidized bed whlch entrans the Inert bed matenal and unreacted 

char parhcles from the reactor where they are separated from the gas stream in a d~sengaglng cyclone and 

returned to the lower part of the bed Wlth the recycle of char to the reactor Inlet fuel conversion efficiency can 

be increased 

The schemahc on the nght hand side shows an induectly heated fluidlzed bed consisting of two circulating 

fluidized beds one operated as a combustor the other as a gaslfier Bed materlal and unreacted char is passed 

from the gasifier to the combustor where ~t is oxldlzed releasing heat and the hot bed matenal 1s passed back to 

the gasifier to provlde heat to dnve the endothemc pyrolysis and gaslficatlon reactions The gaslfier 1s 

fluidlzed with steam and the combustor wlth rn thus the reducing and oxldlzing reachons are separated This 

1s an advantage because the fuel gas produced m the gasifier does not contam dlluent mtrogen 

Dlrectly heated fluldlzed beds (bubbling and clrculatlng) typically produce about 2 Nm3 of fuel gas per kg 

of dry blomass fuel wlth a energy content of -4 to 5 MJ per Nm3 For comparison lndlrectly heated fluidlzed 

beds produce about 0 75 Nm3 of fuel gas per kg of dry biomass fuel with a energy content of - 15 MJ per Nm3 

E3 VARIATIONS IN COMMERCIAL AND 

NEAR-COMMERCIAL BIGCC SYSTEMS 
So we ve looked at the types of reactors used in the BIGCC development effort Operating pressures 

vary between nominally atmosphenc pressure and about 20 bar depending on the system configuration 

Reactors may be pressunzed to reduce reactor slze and the overall parasitic load of the BIGCC system A 
compressed product gas is necessary if ~t 1s to be used In a combustion turbine the questlon remalns 

whether the compression 1s done pnor to the gasifier or after the gasifier 

Alternat~ve Biomass Gas~f~er Systems 

Gas Out Gas Out Producer Gas Out4 +Flue Gas Out 

Cyclone \ 

The gas conditlonlng optlons of a system vary depending on whether the gasifier 1s pressunzed or not 

but three man conslderatlons must be addressed Hlgher hydrocarbon species generated In the gasification 
process must be conditioned from the gas stream or run the nsk of condensation In downstream equipment 

These are often aromatic species whlch represent slgnlficant amounts of energy and may account for as 

Gaslfier 

Fuel , Fuel tn - 
In 

Combustor 

t t / Bed and Bed 

t Matenal Matenal 
Fluldlztng Fluldlzlng 
Gas In Gas In 

(a) Sollds 
Steam In Exchange 

t 
kr In 

Bubbl~ng Bed Clrculat~ng Bed lnd~rectly Heated 
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much as 5% of fuel Input on a mass basls Particulate concentrations and vapor phase alkall must be reduced 
to levels wh~ch conform to gas turblne manufacturer requirements 

There are two types of gas turb~nes for use wlth the low to medlum energy content gases produced by 
blomass gasifiers heavy duty lndustrlal style turblnes and compact aeroderlvatlve gas turblnes whlch may 

be further equipped with steam Injection capabilities 

EXAMPLES OF ALTERNATIVE GAS TURBINE UNITS 
L~sted here are two turb~nes which have been selected for use In proposed BIGCC projects the General 

Electric LM2500 (STIG and non-STIG) and the Westinghouse 252B 12 Loolung at the turblne characteristics 

~t is evident that there are trade offs between capaclty efficlency and unit cost The Westlnghouse model 

whlch 1s an older industrial type machine has a larger capacity (49 MW) but lower efficiency (33%) and 

lower capltal cost ($258/kW) The GE LM2500 (non STIG) has smaller capacity (22 8 MW) but a higher 

efficlency (-37%) and cap~tal cost ($400/kW) 

Manufacturer GE GE Westinghouse 

Gas Turbine Model LM 2500 LM 2500 251B12 
non STlG STlG 

Base Outrput (kW) 22 800 28 050 49 200 

Heat Rate (kJ/kWh) 9 786 8 778 11 015 

Steam Injection Rate (kg/h) 22 676 

LHV Efficiency (%) 36 8 41 32 7 

Price per kW ($) 400 355 258 

Includes srngle fuel gas turbrne arr cooled electrrc generator skrd and enclosure rnler 
and exhaust duct exhaust srlencer standard control and startrng system and conventronal 
combustron system Prrces rn 1996 dollars f o b factory 

VARIATIONS IN GASIFICMION TECHNOLOGIES AIMED AT BIGCC 
APPLICATION 
Let s look at the development efforts whlch are currently ongolng around the world, almed at commerc~al 

BIGCC systems Four maln technologies are identified - Institute of GasTechnology Bloflow TPS Termiska 

Processor AB and Battelle IGT has developed a dlrectly heated, pressurlzed bubbllng fluid~zed bed 

gas~fier and has demonstratlon fac~lltles in Tampere Flnland and Hawail Bloflow has developed a dlrectly 

heated pressurlzed clrculat~ng fluidized bed gaslfier and has a demonstratlon facility In Varnamo Sweden 

TPS Termlska Processor AB has developed a d~rectly heated, atmosphenc pressure clrculatlng fluidized 

bed gaslfier and has a demonstratton unit at Greve In Chlant~ Italy and planned commercial installations 

In Brazll and the Unlted Klngdom Finally Battelle has developed an lndlrectly heated atrnosphenc pressure 

clrculatlng f lu~d~zed bed gaslfier and has a demonstratlon faclhty m Burllngton Vermont 
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CARBONA/ENVIROPOWER PILOT PLANT IN TAMPERE, FINLAND 
Review system configuration and components 

3 BIOFLOW 6 MWE BIGCC POWER PLANT IN VARNAMO, SWEDEN 
Review system configuration and components 
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U TPS BIGCC TECHNOLOGY (PROPOSED) 
MUCURI, B AHIA STATE, BRAZIL 
Review system configuration and components 

Source Waldhiem and 
Carpentzeri 1998 ASME 
Turbo Expo 98 Stockholm 

I7 B ATTELLEFERCO GASIFIER TECHNOLOGY, 
MCNEIL GENERATING STATION, B URLINGTON , VERMONT 
Review system configuration and components 

fuel 
storage dolom~te 

Generat~ng Stat~on 
Steam Power Plant 

Source Paisle) Farrzs 
Slack and Irvzng 1997 
3rd Bzomass Conf of the 
Americas 1997 Montreal 
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E2 PROJECTED BIGCC SYSTEM EFFICIENCY VERSUS NET POWER 
OUTPUT 
So what are the projected system efficiencies for BIGCC systems? Several groups have worked through 

system analyses and the collected results are plotted on this slide We see that at larger system capacit~es 

above about 30 MW there is consistent agreement that efficiencies will be in the range of 35 to 40% At 

smaller scales we see a little more spread in the data but given that the we would expect lower efficiencies 

at reduced scale we can expect efficiencies in the range of 25 to 35% 

Cl BIOMASS INTEGRATED GASIFIER COMBINED 
CYCLE CAPITAL COST ESTIMATES 
Capital costs of combined cycle systems have also been estimated by a number of groups We see a 

reduction of costs that somewhat agrees with a 0 8 scaling factor which is represented by the two curves on 

the graph Estimates of the capital costs for the first commercial plant and the nth commercial plants have 

been included The first commercial plant would bear all of the associated technology and system 

development costs With each subsequent plant the development costs would be spread over an ever 

increasing number of units finally leading to the uth plant cost figures Note that projected capltal cost for 

a 5 MW unit is -$2500 / kW For a 20 MW unit the figure shows a projected capital cost of about -$I900 

/ kW and for a 50 MW unit -$I600 / kW 

5MW -$2500/kW 

500 -- 

0 .  I I I I 
0 50 100 150 200 

Plant Output (MW) 
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EB TECHNICAL AND COST DATA FOR BIOMASS INTEGRHED GASIFICATION/ 
GAS-TURBINE COMBINED CYCLE SYSTEMS 
As always the bottom line IS how much will electncity cost? Thls sl~de provldes a summary of cost 

estlmates made by several groups broken down Into Capital plus OBM ' and 'Feedstock' The estimates 

are In reasonable agreement at about $0 045 / kwh for everything but feedstock costs The feedstock costs 

are based on a $50 / ton pnce and results In a cost of between $0 028 and $0 036 per kwh depending on the 

assumed system efficiency The average total cost for electricity IS $0 078kWh Reduclng feedstock costs 

by a factor of two easlly poss~ble In sugar factory appllcatlons would result In -25% decrease in the cost of 

electrlclty and an average value of -$0 06 per kwh 

Tecogen Ebasco NREL Average 

50 64 60 58 

1850 1700 1680 1745 

Electrlclty Cost (~ents/kWh)~ 

Cap~tal 2 6 23 2 3 2 4 

O&M 2 1 17 2 4 2 1 

Total (less feedstock) 4 7 40 4 7 4 5 

Feedstock 3 6 36 2 8 3 3 
Total (wlth feedstock) 8 3 76 7 5 7 8 

a Source NREL 1994 b @ $50/ton=$3/rnrllzon Btu 

H SUMMARY AND CONCLUSIONS 
To summarize most BIGCC development efforts appropnate at sugar factory scale are utlllzlng fluidized 

bed gaslfier technology the cho~ce of a pressurized vs non-pressunzed reactor dlctates the choice of gas 

cond~tionlng equipment for plant s~zed greater than 30 MW system efiiclency estlmates are In the range of 

35 to 40% estlmates of BIGCC capltal costs for 30 MW plant slzes are In the range of $1500 to $1 800 per 

kW average estimates of the cost of electncity product~on is about $0 078 per kwh w~th poss~ble reduct~ons 

to $0 06 per kwh wlth reduced feedstock costs 
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9 ABSTRACT 
A cost-effechve and environmentally compatlble energy use of blomass requires newer energy converslon 

technologles compared to the conventional stoker fired combustors Current stoker fired systems operate 

at hlgher emission levels of NOx and lower boller plant efficiency Circulating Fluldlzed Bed (CFB) 

gasificatlon and combushon systems appear to meet the challenges posed by the b~omass Foster Wheeler 

(FW) has been the forerunner of the CFB gaslfication and combustion systems development over two 

decades FW CFB combustors use a wide vanety of fuels Including blomass 

FW has supplled many blomass gasificatlon systems over two decades Recently ~t has also demonstrated 

the CFB gasifier on a commercial-scale Lahti PC boiler to supplement the premium fuel-natural gasloll 

The unit has shown excellent avallabllity for well over a year An 87 MWth CFB combustor that co-fires 

bagasse w~ th  lignlte has been In operation m Thalland for over five years FW believes that the two 

technologies-bagasse gasification and combustion can be used for efficient energy converslon with attendant 

benefits to the environment Since the bagasse fuel qualities vary ~t 1s essential to evaluate the fuel and also 

to study the energy flow in a sugar plant before optlng for gaslfication andlor combustlon 

The paper discusses the following FW CFB gaslficatlon concept for biomass and commercial status 

including the recent successful demonstrahon of the Lahti project key lssues relating to CFB combustlon 

of blomass fuels and FW experience In deallng with those lssues relevant to bagasse combustion 

C INTRODUCTION 
A cost effectlve and environmentally compatlble energy use of biomass requlres newer energy 

converslon technologles compared to the conventional stoker-fired combustors Most types of biomass 
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are d~fficult fuels In terms of low heatlng value low bulk density h ~ g h  molsture h~gher  chlorides and 

alkalis Bagasse and the peripheral sugar cane wastes are no different from the standard blofuels 

Bagasse has low sulfur h ~ g h  molsture and h ~ g h  level of alkalis Current stoker-fired systems operate 

at h~gher  emlssion levels of NO: and lower boller plant effic~ency Extra care IS needed in feedlng the 

fuel to stoker to malntain proper combustion c o n d ~ t ~ o n s  The h~gher  level of unburnt carbon in the 

stoker ashes makes the ash less suitable for profitable uses 

Circulating Flu~d~zed Bed (CFB) gasification and combustion systems appear to meet the challenges posed 

by the biomass Foster Wheeler (FW) has been the forerunner of the CFB gasificat~on and combust~on systems 

development over two decades FW CFB combustors use a wide vanety of fuels ~ncluding blomass Over 180 

combushon and gasification unlts are in operation m different parts of the world FW CFB combusbon and 

gaslficat~on systems offer many advantages that are major factors for their worldw~de qulck acceptance 

The abil~ty to bum low grade fuels due to h ~ g h  thermal Inertia and h ~ g h  turbulence of the flu~dized bed 

Hlgh combust~on effic~ency due to the turbulent mixlng of the fluldlzed bed and the long res~dence 

tlme of the fuel in the furnace 

Low SO, emiss~ons made possible by the reactton of l~mestone to sulfur In the fuel at relatively low 

temperatures (850"-900°C) 

Low CO and CxHy em~ssions due to turbulence long res~dence time and mlxlng in the cyclone 

Good cycling and load-following capab~l~ty due to the heat transfers being approximately proportional 

to the load 

W ~ t h  over 450 sugar mills India IS the largest sugar producer of the world Over 11 million tons of 

refined sugar is produced accounting for 60% of total sugarcane cultivated Close to 40 mill~on tons of 

bagasse (30% of cane by wt) with 50% moisture IS produced in the process (Enlasivam, 1999) 

India's crushing season runs for 180-200 days (November-May) Some areas m the south have two monsoons 

and enjoy round the year season Dunng off-season though the sugar cane can be cultivated the recovery is 

poor hence farmers go for alternate cash crops One of the reasons the mills prefer to go the co-generation route 

is to stabilize and substantlate sugar mill profits The studies conclusively show that the profits from co 

generatlon are far supenor and steady than the profits from sugar busmess Vast majonty of the mills have 2500 

TCD tons crushlng capacity which throws off 10 tonslhou~ of surplus bagasse after meeting steam demand and 

other m~scellaneous uses Some of t h ~ s  excess bagasse lr sold for paper pulplng cattle feed etc The pnce of 

bagasse w~dely vanes from region to reglon and season to season between Rs 50-4001ton 

The Ministry of Non-Conventional Energy Sources (MMES) of the Indian government has developed 

gu~del~nes for the quick development of bagasse based modem energy conversion systems The project 

among other thlngs should employ bagasse based steam generatlon pressure and temperature of at least 60 

bar and 450°C respect~velv The gu~delines do not restnct the co-use of other types of fuels If multi fuel is 

to be employed subs~dy wlll be glven only on the bagasse-fired capacity Also projects usrng second-hand 

bollers and turblnes will not qualify for these demonstrdtion projects 

Thus from the energy efficiency and environmental requirements and also sustainable sugar mlll 

operation there IS substantial ~ncentive for implementing the new technologies In Indlan sugar Industry 

FW 1s proposing two clear options to the sugar mills to consider name1 y CFB gas~ficat~on and CB combustion 

These technologies are cost effective energy-efficient and env~ronment-friendly 
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In ths  paper a descnption of the following aspects is glven FW CFB gasificatlon concept for b~omass and 

cornrnerclal status including the recent successful demonstration of the Lahtl project key lssues relatlng to 

CFB combushon of biomass fuels and FW expenence m dealing with those lssues relevant to bagasse combustlon 

&-r ATMOSPHERIC CFB GASIFICATION PROCESS 
The atmosphenc CFB gasification system 1s 

very simple (Fig 1) The system conslsts of a 

reactor where the gasificat~on takes place of a 

un~flow cyclone to separate the c~rculating bed 

matenal from the gas and of a return plpe for 

returning the circulating matenal to the bottom 

part of the gaslfier All the above mentioned 

components are entlrely refractory l ~ n e d  

Typ~cally after the unlflow cyclone hot product 

gas flows lnto the alr preheater which IS located 

below the cyclone 

The gasificatlon air blown with the high- 

pressure alr fan is fed to the bottom of the 

reactor vla an air distribution grld When the 

gasification alr enters lnto the gasifier below 

the solld bed the gas velocity is h ~ g h  enough 

to flu~dize the partlcles In the bed At this stage the bed expands and all partlcles are In rapid 

movement The gas velocity is so h ~ g h  that a lot of particles are conveyed out from the reactor lnto 

the uniflow cyclone The fuel IS fed lnto the lower part of the gasifier above a certain d~stance from 

the alr distnbution grid The Incoming blofuel contalns 20-60% water 78 39% combustibles and 1 -  

2% ash 

Fig 1 CFB Gasifier Concept 

UNIFLOW CYCLONE 

IR FAN 

AIR PREHEATER 

+ HOT LOW CALORIFIC 
GAS (750 650 C) 

OM ASH COOLING SCREW 

BOTrOM ASH 

The operating temperature In the reactor 1s typically 800-1000°C depending on the fuel and the 

application When entenng the reactor the biofuel particles start to dry rapidly and a f~ r s t  prlmary 

stage of reaction pyrolysis occurs During thls reaction fuel converts to gases charcoal and tars Part 

of the charcoal goes to the bottom of the bed and ~t will be oxldized to CO and CO generating heat 

After this as these aforementioned products flow upwards in the reactor reactlons of a secondpry 

stage take place which can be d ~ v ~ d e d  lnto heterogeneous reactions where char IS one lngredlent In 

the reactions and homogenous reactlons where all the reactlng components are In the gas phase Due 

to these reactions among with other reactlons a combust~ble gas IS produced wh~ch enters the unlflow 

cyclone and escapes the system together with some of the fine dust Most of the solids in the system 

are separated In the cyclone and returned to the lower part of the gaslfier reactor These solids contain 

char wh~ch is combusted w ~ t h  the alr that IS Introduced through the grid nozzles to fluldize the bed 

This combustlon process generates the heat required for the pyrolys~s process and subsequent mostly 

endothermic reactlons The circulating bed materlal serves as heat carrler and stabilizes the 

temperatures In the process 
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The heat energy In the gas IS In three forms as chem~cal heat (combust~on) as senslble heat (hot gas) and 

as carbon dust (combustlon) In the normal operation the fuel feed rate will define the capacity of the 

gas~fier and a1r feed rate wlll control the temperature m the gas~fier The coarse ash IS accumulabng In the 

gaslfier and will be removed from the bottom of the gaslfier with a water-cooled bottom ash screw 

EJ COMMERCIAL FW BIOMASS GASIFICATION SYSTEMS 
Foster Wheeler lnlt~ated c~rculatlng flu~dized bed gas~ficat~on stud~es m the early e~ght~es A 3 MW,h 

gaslfier was deslgned Installed and comrmss~oned ~n 1982 Thls unlt operates at atmosphenc pressure Over the 

years tests have been performed uslng at least ten different types of fuels Extensive data on process parameters 

have been developed The first comrnerclal gaslfier appl~catlon supplled by Foster Wheeler Energla Oy has 

replaced fuel 011 in the lime luln slnce 1983 at Wlsaforest Oy Jakobstad Finland Slnce then slmilar gaslficatlon 

plants havlng the same baslc technology have been installed at two pulp mills in Sweden and at one rmll in 

Portugal These gasifiers produce lime luln fuel from bark and waste wood and they also utllize a part of the 

generated gas m drylng plants Four comrnerclal unlts m the slze range of 15 to 35 qh rabng have been sold 

and they are operating (Table 1) 

Table 1 Atmospheric CFB Gaslflers Supplled by Foster Wheeler 

Oy Wlsaforest Ab 
Jakobslad F~nland 

Dellvery Gasif~ers Drying System 
Year Heat Input/un~t, MWth 

Norrsundet Bruk Ab 1985 27 (two unlts) 
Norrsundet Sweden 

ASS1 1986 27 

Karlskog Bruk Sweden 

Portucell 1986 17 
Rodao Mill Portugal 

Flue gas recycllng 
Gas combustlon 

Flue gas recycllng 
Gas combustlon 

Flue gas recycllng 
Gas combustlon 

Flue gas recycling 
Gas combustlon 

@ LAHTI ACFB GASIFIERS DEMONSTRATION 
Lahden Lampovolma Oy is a F~nn~sh  power company producing power and dlstr~ct heat for the clty of 

Lahtl On an annual basls the available amount of biofuels and refuse fuels in Lahti area IS enough to 

subst~tute for about 15% of the fuels burned in the maln boiler equallng max 30% of coal The alm in this 

Lahden Lampovolma Oy's Kymljarvl power plant gaslficatlon project 1s to demonstrate the d~rect gaslficat~on 

of wet b~ofuel and the use of hot raw and very low calorific gas dlrectly In the exlstlng coal-fired boiler 

Furthermore only small modifications are requlred In the bo~ler posslble disturbance? In the gas~fier do not 

shut down the power plant 

The Kymijarvl power plant was started In 1976 Ongnally the plant was heavy oil fired but m 1982 the 

plant was mod~fted for coal finng The steam parameters of the once-through Benson boiler are 125 kg/s 
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540°C/170 bar/ 540°C/40 bar and the plant produces electnc power for the owners and dlstnct heat for the 

Lahti clty The maximum power capacity 1s 167 MWe and the distnct heat production 1s 240 MW Typlcal 

fuels are listed in Table 2A and 2B 

Table 2A Fuels for the Laht~ Atmospheric 
B~omass Gas~f~er 

Table 26 Composltlon of 
the Recycled Fuel (REF) 

Fuel Amount Moisture Component %-we~ght 
%-weight of total %-werght 

Plast~cs 5 15 
Saw dust 10 45 55 

Paper 20 40 
Wood residues (bark wood chips 30 45 55 
wet and fresh wood resldues etc) Cardboard 10 30 

Dry wood residues from the wood 30 10 20 
work~ng ~ndustry (plywood 
particleboard cutting etc ) 

Wood 30 60 

Recycled Fuel (REF) 30 10 30 

From the process point of vlew the major dfference compared to the gasifiers supplied in md-80 s is that 

fuel will not be dned in thls applicatlon but the molstue content of fuel can be up to 60% However no 

considerable changes have been made to the design of the gasifier (Flg 2) au preheater and the gas plpe line 

but the design is heavlly based on the design of the those commercial scale atrnosphenc biomass gasifiers that 

FW has supplied in the md-80 s Fuels l~ke REF some wood wastes and shredded tms conmn different types 

of solld Impunties (nals screws metal wlres concrete) due to whlch e g the au d~stnbution gnd and the bottom 

ash extracclon system have been designed m a dfferent way compared to the standard design 

Concerning the product gas combustion the hot gas is led directly from the gasifier through the air 

preheater to two burners whlch are located below the coal bumers in the boller The gas is burned In the 

man boiler and it replaces part of the Coal used m the boiler When the fuel is wet the heating value of the 

gas is very low Typically, when the fuel moisture 1s about 50 % the heat value of the gas is only Apr 2 2 MJI 

kg The destgn of the product gas burners is unique and heavily-based on both the pilot scale combustion 

tests and the CFD modeling work 

Operation 

The gas~fier fuel was in the beginning manly b~ofuel like bark and not contaminated wood waste 

Later other fuels also have been used The collection system to get combustible in ongin classified refuses 

(REF) has been started in this year In Lahti area The amounts of REF collected have been m the beginning 

lower than the REF gasification capaclty It is expected that the amounts and quality of REF will improve 

in the future Ralway sleepers and crushed tires have been used as fuel too In the case of lack of fuel or 

problems in the fuel treatment the gasifier has also been operated in the combustion mode to keep the fuel 

consumption low level and mantain the gaslfier m the operation temperature The capacity 1s then 8-12 

MW The gasifier has now operated with excellent availability for over a year slnce the start of the gasification 

run on 9th January 1998 
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Fig 2 Laht~ Gaslfler and PC Boller Systems 

350 MW 
540 C/170 bar 

0 GWhIa 15 fuel Input 

600 GWh/a 
Dlstr~ct Heat 

1000 GWh/a 

Coal 1050 GWhfa 5 0 h  

650 OWNa 35% 

Key Test Data and Em~ss~ons 

The moisture content In 

the fuel mlxture was rather 

high 45 56% 

The carbon content In the 

g a s l f ~ e r  bottom ash 1s 

typically 0 1-0 2% 

The dust content In the 

flue gas dropped down 

from 20 to 10 mg/m3n 

The NOx content dropped 

by 10 mg/MJ 

Slam Kraft CFB U n ~ t  

The FW has designed and supplied a CFB unlt to Slam Kraft Thailand The unlt IS capable of burnlng 

100% lignite and also co-firlng pith and sludge Boller steam parameters are 30 6 kg/s 101 bar 510°C 

Thalland has abundant reserves of llgn~te a low-grade fuel that IS also h ~ g h  in sulfur content These 

qua l~ t~es  make it difficult to burn Thai lignite cleanly in convent~onal bollers w~thout the addltlon of 

expensive flue gas cleaning systems Bagasse p ~ t h  and sludge, waste products from the pulp mill are also 

burned In the Slam Kraft plant even though they have very h ~ g h  molsture content and low heatlng values 

(Tables 3 and 4) 

The waste fuels are burned in combination w ~ t h  Ignite with the l ~ g n ~ t e  always making up a mlnlmum 

of 50% of the total fuel Normally the ratlo of hgn~te p ~ t h  and sludge IS 50% 35% and 15% respectively 

In terms of heat Input The plth and sludge ratlos are based on the rates at whlch the wastes are produced at 

the mlll Local l~mestone is fed Into the boller to keep SO, below the allowable emission levels The 

limestone also form3 part of the ~ner t  fluid bed matenal in add~tion to the lignite ash Table 5 summarizes 

the performance data 

In the boller d e s ~ g n  p ~ t h  plus sludge ratlo has been llmlted to about 50% to malntain suffic~ent 

bed purge for alkahs Generally the b o ~ l e r  operation has been stable and smooth Heat transfer 

surfaces have been clean w~thou t  any slgn of eroslon or corrosion Soot blowlng frequency has been 

once per 24 hrs Small depos~t  layer of about l0mm th~ckness was observed In the lower furnace on 

the refractory lining Bagasse p ~ t h  IS easy to handle but stones and other b ~ g  pa r t~c les  from 

transportation may cause problems 

1?3 KEY ISSUES TO MAINTAIN BED CHEMISTRY 
It is Important to malntaln the bed inventory without reachlng agglomeration potentla1 of the major bed 

materlal ox~des (Wu et al 1999) Some of the key polnts of concern are outlined Agglomerat~on In fluldlzed 
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Table 3 Fuel Prox~mate and Ult~mate Analyses 
- - 

Ind~an Pith (TN) Tha~ P~th 

Table 4 Key Ox~des of 
Fuel Ashes 

Indian P~th Thaj P~th 

VM 59 37 29 63 SIO, 75 51 69 8 

Ash 3 12 2 41 A1203 3 08 4 34 

Mo~sture 28 25 62 3 Fe,O, 2 64 2 92 - - 
Total 100 0 100 0 N%O 0 9 0 5 

Carbon 33 44 17 49 h0 5 28 5 28 

Hydrogen 4 5 2 17 CI 1 1 8  1 25 

Oxvnen 30 48 15 16 

Sulfur 0 05 0 32 

Ash 3 12 2 41 

Mo~sture 28 25 62 3 

Total 100 00 100 00 

HHV MJIkg 13 5 7 05 

Cl % 0 035 0 03 

Table 5 Slam Kraft CFB Bo~ler Performance wlth 
Bagasse P~th and L~gn~te Co-combust~on 

Parameter Unit Guarantee Actual 

so, tmrnv 171 64 114 

Bo~ler Eff (LHV) % 89 7 90 4 90 9 (') 

92 2 92 4 

Note (1) = Waste fuel mix (2) = bgn~te 

bed involves a complex interplay of fuel bed matenal and furnace operating conditions In bo~lers k n g  

hlgh alkalt fuels there is a wide spectrum of potentially low-meltlng mnerals The melting points of some 

of the mnerals are llsted in Table 6 

The presence of a sigmficant amount of sodium and potassium in the bagasse is a cause for concern 

Considenng the temperature of burning fuel particles whlch can be 100 200°C hlgher than the average 

bed temperature some of mnerals could melt and initiate binhng activities leading to agglomeration 

In the combustor low melting compounds or eutectlcs may be formed Some of the possible reactions are 

2NaCI + S + 312 0, +H,O = N%S04 + 2HC1 (1) 
Na,SO, + 35'10, = Na20*3Si0, + SO, + 54 0, (2) 
Salt can also react dlrectly with silica 
2NaC1+ 3Si0,+ H20= Na20*3Si0,+ 2HC1 (3) 

The mxture of Na,O and Si0, can have melting temperature below 800°C and the eutecbcs of NaO*SiO, 

and N,S04 can have melting temperatures as low as 635°C 
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If alkali sillcates are responsible for sinterlng metal oxides wch as CaO Fe,O,orAl,O, in finely div~ded 
form can be added to the flu~dized bed to react with alkall sllicates The final eqd products of these reactions 
generally have high melting temperatures Slnce bagasse has low amount of sulfur the format~on and hence 
fluxlng reactions of Na,SO, are limited 
Clay is a natural mixture of hydrous aluminium sillcates (A4O3'2Si0,*2H,O) Clay In the very fine state 
has been found to be effectlve In retalnlng the alkahs to form high-meltlng temperature alkal~ aluminium 

sllicates Dehydrated clay can react dlrectly with NaCl and H,O 
A1,03'2Sio, + 2NaCl+ 30 = 2HC1+ Na,0YA1,03*2Si0, (4) 

Kaolln has been used as an additive to fluidized bed 
lnclnerators burning salty sludges to control fouling and Tab'e Me'tlng polnts Of 

51nterlng Recent \ tud~e\ of agglomerdt~on In bloma\\ Group M~neral Meltrng Temp "C 

fired flu~drzed bed combustors lndlcate that femc oxide 
Chlor~des NaCl 

(Fe,O,) can be used to replace 5111ca sand and sustaln 
CaCl 

long term operatlon KC1 770 

If the biomass contains high levels of alkali MgCI, 71 4 

(potassrum and sod~um compounds) then the fuels can 
Carbonates Na,CO, 851 

create 5erlous fou l~ng  of convection surfaces and CaC03 1339 
slagglng of flurd beds and grates In combustion boilers 

h C 0 3  891 
Only a limited fractlon of the fuel heat Input can be from 
these fuels A mixture of 32% K,O and 68% Si0, melts 
at 769°C Considering that S10,alone melts at 1700°C the Impact of alkal~ to reduce the melting temperature 
of the compounds IS very slgnificant The Important point to note here 1s that understanding of the fuel ash 
oxides behawour is essential to develop a suitable boller design and to insure smooth operation of the 
combust~on system 

El CONCLUSIONS AND RECOMMENDATIONS 
FW has suppl~ed many biomass gasificat~on systems over two decades Recently it has also demonstrated 

the CFB gasifier on a commerc~al-scale Lahti PC bo~ler to supplement the premium fuel natural gasfoll 
The unit has shown excellent avallabil~ty for well over a year An 87 MWth CFB combustor that co fires 

bagasse with llgnite has been In operatlon in Thailand for over five years FW belleves that the two 
technologies-bagasse gasificat~on and combust~on-can be used for efficient energy conversion with attendant 
benefits to the environment Since the bagasse fuel qualities vary it is essential to evaluate the fuel and also 
to study the energy flow in a sugar plant before optlng for gaslficat~on andlor combust~on 

D REFERENCES 
Eniasivam S personal communication 1999 
Hotta A Bubbling Fluidized Bed Boilers Successfully Burn Rlce Husk in Thailand Power-Gen Asla 
Singapore September 13- 15 1993 
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Nleminen J B~omass CFB Gas~fier Connected to a 350 M W ,  Steam Boller Fired with Coal and Natural 
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a Bubbling Fluidized Bed Combustor Paper to be presented at the 15th International Conf on Fluidized 
Bed Combustion Savannah GA USA May 16-19, 1999 



Cogenerahon and Advanced Technology Initiatives 

SUBHASH CHANDRA 
Country Manager Bioten India 

E3 OUTLINE OF PRESENTATION 
W Description of BICTEN process 

W DescrlpQon of commercial demonstration plant at Red Boillng Spnngs Tennessee US 

W BIOTEN s commitment to the Indian market 

W Bagasse demonstration plant in India 

W Business Plan for India 

3 HIGHLIGHTS OF BIOTEN PROCESS 
W Processing of biomass fuel 

W Dlrect combustlon m a pressunzed chamber 

W Cyclone filter to clean combustlon gases 

W Modified Gas Turbine (General Electnc LM1500) 

W 6 5 MW gross module 
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El ADVANTAGES OF THE BIOTEN PROCESS 
W Compact modular design (less than 3 acres) 

I Opt~mum plant size (6 MW) 

W Short construction period (less than 1 year) 

W No process water required 

W Waste heat utilization possible to generate process steam 

W More efficient process than conventional plants (more electnc power generated per ton of wet bagasse) 

I3 COMMERCIAL DEMONSTRATION PLANT (CDP) AT 

RED BOILING SPRINGS, TENNESSEE 
W Designed and constructed by BIOTEN 

W 5 MW module with sawdust as fuel 

H Currently producing 3 MW with 5 MW by July 1999 

t3 INDIA MARKET 
W Have conducted a thorough study of the bagasse cogeneration potential in India 

W Firm cornmltment to the Indian market 

W Liaison office in New Delhi 

W Will form a Joint Venture Company with an Indian firm 

W JV to provide 

Turnkey EPC services Warranties 

O&M services Spare parts 

Training Support in financing of projects 

El BAGASSE DEMONSTRATION PLANT 
W Technology Issues 

Prove fuel handling and drylng 

Bagasse storage 

Processing of other potential biomass fuels 

Prove BImEN process 

Prove reliability and availability of BIOTEN process 

Financial and Commercialization Issues 

Project financing 

Power purchase agreement 

Bagasse supply issues 

Cost effectiveness of BIOTEN plants in India 

Prove benefits of BIOTEN process in India 
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3 B I ~ N  PLAN IN INDIA 
BIOTEN Demonstration Plant 

Partner with a pioneenng sugar rmll 

Obtan financing support (Government bilateral or multilateral agencies BIOTEN mill etc ) 

Establish project support infrastructure through Jolnt Venture in India 

Establish a strategy to commercialize BIOTEN technology in India 

Establish mechanisms for financing such projects in India 



Sesslon Chamnan 

BHASKAR NA~RAJAN 
Senlor Project Consultant 

Indo Canadian Environment Facil~ty 

G C DATTA ROY 
Chef Executive (Power) 

DCM Shnrarn Consolidated Ltd 
New Delhl 

E ENERGY EFFICIENCY IN A SUGAR FACTORY-SOME ISSUES 
Energy Efficiency-complex co-relationship 
Conservahon-Approach & Strategies 
Non-investment efforts-a case example 
Investment in Cogen-marginal analysis-case study 
Cane Sugar factory-future power plants 

Implementahon barners 

P3 ENERGY EFFICENCY 
Complex Co-Relationship 

Cane 
crushed 

Exfractron Sugar 
efficiency quality 

Financrar 
drivers 

Energy Bagasse/ 
efficiency energy sate 

Investment 
cost 
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Approach & Strategies 
4 Integrated-measurement & accounting/benchmarking/strateg~c energy planning 
4 Equipment & systems 
4 Cogeneration 
4 Non-investment efforts 
4 Investment-In-house 

4 Investment-ESCOs 

Case - 4000 TCD plant In Maharashtra - Season durat~on - 160 days average 
Installed System - 21 kg/cm2 boller - No supply to gr~d 

Case Base 21KEC* 42K-BP** 42K-EC 62K-BP 62K-EC 

Cogen Capac~ty MW 4 2 25 7 25 3 5 9 

Electr~c~ty Sold GWH 13 81 7 81 25 01 12 01 31 31 

Annuallzed Cost Rs Lac 25 8 22 7 56 3 34 2 71 6 

Unlt Cost Rs/kWh 1 87 2 9 2 25 2 85 2 29 

-- 

Increment Sale GWh 0 6 0  11 2 ( 11 8 17 5 4 2 6 3 

Incremental Cost Rs Lac 0 3 1  30 5 9 4 45 8 11 5 15 3 

Incremental Cost Rs/kWh 0 052 2 72 2 6 2 74 2 43 

* Extract~on Condens~ng **Back Pressure 
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El CANE SUGAR FACTORY-FUTURE POWER PLANTS 

Assumpbons 
Sugar recovery-10% 
Steam%cane-35 
Power cons -30 kWH/TC 
Season-150 days 
Sugar cont -Rs 3000/T 
Power cont -Rs 2 6OIkWh 
PLF-power sale-80% 

I \ 
f 

Revenues 
Power sale-Rs 108 rmllion 
Sugar sale-Rs 90 rmllion 

100 TCH 
Gas~fier 

IMPLEMENTATION BARRIERS 
Awareness/O&M Slulls 

Technology-Performance Accountability 

Current Flnanclal Health 

Cost 

Instltutlonal 

17 5 MW IGCC 

turbine 

1 \ 

- 

HR 
Boller 



Prolect Financing and Policy Development 

Sesslon C h m a n  

SC Natu 
Vice President (Energy & Projects Group) 

Maharashtra Indusmal and Technical Consultancy Organisation Ltd (MITCON) Pune 

THE MNES PROGRAM P-HIP 

SC NATU 
Vlce President 

(Energy & Projects Group) MITCON Lirmted Pune 

IZI COGEN POWER PROJECTS AT SUGAR MILLS 
Polit~cal Challenges H Policy Challenges 
Technology Challenges H Financing Challenges 

H Economc Challenges H Manpower Development Challenges 
Optlmlzahon Challenges H Efficiency Culture Challenges 

H Organlzahon Challenges Diversity of Stakeholders 

Profitable, most challeng~ng yet Enmronrnentally Be~ugn 

E3 PROGRAM PARTNERSHIP INITINIVE FOR PROMOTION AND 

DEVELOPMENT OF COGEN POWER PROJECTS AT SUGAR MILLS IN INDIA 
Background 

433 rmlls 3500 MW potenhal efforts made since 1980 s 180 MW comrmssioned/under construction only 

Provlde required fac~l~tation/consultancy servlces for promotion and development of sugar cogen projects 

at select 65 sugar mlls (3500 TCD capaclty and above) m the following states 

H Maharashtra 
Punjab 

H Blhar 

H Gujarat 
H Haryana 
H Karnataka 

H Andhra Pradesh 
Uttar Pradesh 

H T m l  Nadu 
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Scope of Work 
Do Everything to achleve the objective including 

H Facllltation H Consultancy 

H Llalson H Promotion 

Methodology 
H Total Team Work 
H Provlde Revlews 

Two PP s - MITCON and ITCOT 
H Total Commun~cabon 
H Target Approach (Financial closure of projects equivalent to 100 MW exportable surplus by March 3 1 

1999) 

Adequate Planning of Actlvlties 

Penod of Contract 

H 2 years from Apnl 1998, with an annual revlew 

Activ~t~es Undertaken 

H V~slts and dlscusslons with Mrll Chairmen/ MDs for 65 mills (ApnVMay '98) 

H Collection of mtll level data/information (ApnVMay 99) 

Short listing of 30135 mills (June 98) 

H Preparation submission of Pre feaslbllity Study Reports for short-llsted mllls (JuneIJuly 98) 

H Stake-holders workshops at LonavalaIKalka (July/Aug 98) 

H Preparation submission of proceeding documents and wlder clrculatlon to Stake-holders 

(Aug /Sept 98) 

Demo-Project Selection Meeting and Program Revlew Meeting (Sept 98) 

H Mill level follow-up 

H Project pipellne creatlon (46 projects 588 MW Exportable Surplus capacity) along with Monltonng 

Program (Sept /Oct 98) 

State Level Follow-up Meetings (Nov /Dec 98) 

Sensltlzlng FIs (Oct /Nov /Dec 98) 

Facllitatlon/Preparatlon of DPRs / Loan Applications (Oct -Feb 99) 

Follow-up with FIsISEBs for Financial closure (Jan-Mar 99) 

Results 

As of Feb 27 1998 

10 DPRs (185 MW Installed capaclty 125 MW Exportable Surplus) / Loan Applications submitted to 

FIs (125 MW installed 75 MW exportable surplus) 

Future 
* Continuation of effort for balance 30 sugar mllls second Focus sugar mllls (2500 TCD - 3500 TCD and 

New Mllls) 

Extension of servlces to Biomass Power including bagasse cogen power 
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CONSTRUCTION AND COMMISSIONING (EPCC) 

PURNENDU DUTT 
General Manager 

The Godavari Sugar Mills Ltd Mumba 

f RECENT STATUS OF PROJECT EXECUTION IN SUGAR MILLS 
H Low pressure boilers and back pressure steam turbines 

H Boiler packaged by boiler supplier 

H Turbine packaged by turbine supplier 

H Electrical & instrumentation 

Either in-house or third party or turbine supplier 

H Thrust on avalab~lity of equipment than on applying energy efficient techniques 

CURRENT TRENDS OF COGENERATION 
4 High Pressure and high temperature bollers and extraction condensing turbines 

H Engineenng Procurement Construction & Commiss~oning (EPCC) of indlvldual package by suppliers/ 

OEMs 

H Thrust on availability reliability and use of energy-efficient techniques 

E FACTORS FAVORING EPCC 
H Cogeneration is commercially viable and profitable 

Encourages off-season operation 

H Trend to run cogen plants like base load power stations 

H Professional management of power plant 

H Inexperience in operating high pressure boilers and condensing turbines 

H R~sk  coverage due to non-performance 

3 MODES OF ENGINEERING, PROCUREMENT, CONSTRUCTION AND 

COMMISSIONING (EPCC) OF COGENEMION PROJECTS 
H Turnkey execution 

H Multiple package (Island) execution 
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F3 TURNKEY EPCC 
Advantages 
W Single point respons~bility 

W Small execution team by sugar plant 

Less execution time 

W Blanket & uniform guarantees 

W Min~mum Interface problem 

Execution by elther OEM or packager 

W Basic engineering is complete before ordenng 

D~sadvantages 
W Project delay due to contractor's default 

W Hlgher project cost 

W Hlgh initial cash outflow of promoter 

W Hlgh preplanning before ordenng 

13 MULTIPLE PACKAGE (ISLAND) EPCC 
Advantages 
W Lower project cost 

W Better pnce as suppliers are OEM only 

W Staggered orderlng over a penod of time 

W Less initial cash outflow of promoter 

W Project delay can be rmnimlzed 

W Less pre-plannmg before ordenng 

Disadvantages 
W Responsibil~ty restrtcted to the suppl~ed packages 

W Hlgh execution time 

W Maximum interface problem 

W Big and experienced execution team by sugar plant 

W No proper guarantee for entlre project 

Difficulty m accountability fixation In case of operational problems 

El EPCC - THE GODAVARI EXPERIENCE 
1 x 24 MW cogen plant to be expanded to 3 x 24 MW matched with the sugar plant expansion from 

6 000 TCD to 10 000 TCD 

Modular concept of power plant 

W Appointed MIS Desein New Delhi as turnkey consultant 

W Turnkey EPCC bids received, evaluated and shortllsted 
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Various financing modes under evaluation-Indian FIs as well as forelgn lenders 

Model PPA from KEB under scrutlny 

Awating financial closure and ordenng 

El CONCLUSION 
Both Turnkey and Island mode of executions are vlable and practised in the industry 

Lesser experienced sugar plants can go in for power plant consultants 

High capital cost intensive project - hence should be aimed at non-seasonal operation also for maxi 

rmzing revenue from sale of power 

B Mode of execution to be selected based on the sugar plant s own internal strength 
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POWER PURCHASE AGREEMENT (PPA) 

HARISH BHARGAVA 
Management Resources Pune 

UTILIZATION OF EXPORTABLE POWER 
Any or all of the following means can be used to dlspose of exportable power from blomass based 

cogeneration projects 

Supply to Mode 
Ancillary units wlth~n or adjacent to the Direct radlal supply 

cogeneratlon plant 

Other unlts of the Promoter DirecWheelingA3anklng 

Other End-users DlrecWheeling/Bank~ng 

Utlllty Company (State Electrlclty Board or Private) SaleIPurchase 

Rural areas around the cogeneration plant Through the Utillty 

For thls a formal agreement between the cogeneratlon plant and the Utility 1s requlred 

The name Power Purchase Agreement' (PPA) for such an agreement 1s a mlsnomer slnce most 

Logeneration plants will not be In a posltlon to assure firm avallabllity of generating capacity and will only 

be able to dehver Energy that Is surplus to thelr own requirements It would therefore be more appropnate 

to use the name- Energy Purchase Agreement 

Such an agreement should be carefully deslgned to be fair and equitable to both the parties -the 

Logenerator and the Utlllty 

Any capltal lnvestment In cogeneratlon of exportable power requlres contractual arrangement, whlch 

wlll ensure In the long-term returns to the Investor adequate to 

discharge obl~gatlon to the lenders 

provlde for depreclatlon 

earn profit at least equal to ~f not more than could be earned from other Investment opportunltles 

generate Internal resources for future Investment 

Protect~on of adequate long term return to the promoter from cogeneration projects 1s an lmperatlve 

which cannot be overlooked ~f cogeneration 1s to take off on the fast track 

At the same tlme the Utility as buyer of co generated power must also get a f a r  deal 
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3 KEY PROVISIONS OF ENERGY PURCHASE AGREEMENT 
Important provisions whch must be covered in the Agreement are listed in the table below 

ITEM SUGGESTED PROVISION 

Payment by the utll~ty 

Mlnlrnurn Supply 

Wheelrng Banklng 
Rad~al Supply 

Reactive Power 

Peak/Off Peak Supply 

Dual Fuel Systems 

Inter connect~on and Protection 
Equ~prnent 

Commrss~on~ng Date 

Continu~ty of Supply 

Bas~c rate of Rs 2 2 5 W h  for 1994 95 
Escalat~on In same proport~on as change In HT tar~ff 
All related taxes & dutles extra 

Payment through irrevocable revolving and self replenlshlng 
Letter of Cred~t 
Interest on delayed payment 
Automatic payment by the Utlllty s bank if payment becomes 
delinquent under a tnpartlte agreement between the cogenerator 

the Utlllty and the Utrl~ty s Bankers 

Level of mlnlrnum supply to be stipulated 

Reasonable provrslons governing wheellng banklng and radlal supply 
to be Included 

Sharrng between Cogenerator and Utll~ty 

Opt~onal provlslon ~f TOD Tanff IS n force 

Prlclng to equally apply to Dual Fuel cogenerat~on 

Cogenerat~on equ~pment prov~ded by the Cogenerator to be spec~fied 
and agreed wlth the Ut~llty 

Cogenerator to prov~de cogenerat~on s~de fac~llt~es 

Ut111ty to provlde tle I~ne to and the equlprnent at ~ ts  sub statlon 

Equipment to be provlded as agreed between the cogenerator and the 
Utllrty In llne w~th good englneerlng practlce and wlth approval from the 
competent government authority 

Procedure for synchronlzlng to be spec~f~ed 

Bllllng meters to be those prov~ded by the Utrllty Check meters to be 
those prov~ded by the cogenerator Prov~s~ons for testrng callbratlon and 
certlf~cat~on of meters and also adj~stment for Inaccuracy detected 

The commlsslontng date to be spec~f~ed 
Maxrmum extens~on of one seasodyear 
Penalty for delayed cornmlssronlng 

Temporary curta~lrnent or ~nterrupt~on as mutually agreed 
Prov~s~on for Deemed Generation 

Durat~on 20 years 

Default and Terrn~nat~on Events of default and consequent tem~nation to be clearly speclfled 

D~spute and Arbltrat~on Resolving of d~sputes arnlcably by mutual d~scussrons 
Arbltratlon In llne wlth the ~nternat~onal practlce and lndlan Arb~tratlon Act 
1996 governed by lnd~an laws 

Bnef explanahon of the provisions and need for ~nclus~on m the Agreement follow 
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fZ PRICING OF EXPORTED POWER 
Protection of adequate long term return to the Investors from cogeneration projects 1s an Imperative 

which cannot be overlooked ~f cogeneratlon IS to take off on the fast track At the same tlme the Util~ty as 

buyer of the co-generated power must pay not more than a fair pnce 

The Base rate of Rs 2 25/kWh may be adopted It 1s the same rate as suggested In the Gu~dellnes of the 

Mimstry of Non Convent~onal Energy Sources (MNES) issued m 1994 95 The year of Issue of the Gu~delines 

1994 95 should be taken as the Base Year 

In accordance w ~ t h  normal commercial practice the taxes and lev~es directly related to generation and 

sale of electricity should be borne by the Utility 

The flat bas~c prlce on the llnes of the MNES Gu~delines 1s suggested for adopt~on only after considering 

a number of pncing methodolog~es The rationale of rejecting other methodologies follows 

w The Two-part Tanff 
The Two-part tariff that was used for large Pr~vate Power Producers cannot be appl~ed to co generated 

power The first part capaclty prlclng In Two part tar~ff 1s based on cap~tal cost of the Plant and a minimum 

Plant Load Factor In case of cogeneratlon the plant 1s used for prov~ding steam and power for use In 

manufactunng processes as well as for generating exportable power The cap~tal cost of the plant therefore 

can be apportioned to Internal use and to production of exported power only by allocat~on which w~l l  

always be open to argument Cogenerat~on power plants cannot operate at a mlnlmum plant load factor 

slnce demand for process steam and power fluctuates and varles a great deal from time to time In the 

qecond part too costing of energy IS problematrc There is no determinable market prlce for biomass fuels 

such as bagasse Depending on how ~t 1s viewed the cost can be anywhere between zero to Rs 3 000 per 

ton Further it 1s not poss~ble to un~quely determine operating and maintenance (0 & M) costs as 1s also the 

case w ~ t h  costs related to capital Investment 

In case of cogenerated power ~t is not log~cal to calculate the cost of exported power based on the Two- 

part Tar~ff methodology w~thout givlng credit for steam and power used by the process plant 

w Avoided Cost 

T h ~ s  methodology is not su~table for Ind~a  In absence of firm rel~able and publ~shed cost data on 

Util~ty'c avoided costs whlch are not normally computed In Ind~a  the cogenerators may not accept avoided 

cost stated by Utllity on case to-case bas~s  Further avoided costs wlll vary w~dely between d~fferent State 

ut~ltty companies and Private power ut~li t~es Even in USA competitive biddlng is now usually followed In 

preference to priclng on avoided cost 

Cost of Generation + Profit 

For the same reasons as appl~cable to the Two part Tariff price cannot be determined on cost plus bas~s  
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4 Linkage with High-Tension Tanff 

Pnclng based on HT tanff was trled in Tamil Nadu but was soon tqected The Utillty companies do not 

seem to llke pnclng based on HT tanff whlch IS the hlghest pnce reallsed by the Utlllty and IS the only one 

earning substant~al margin 

Justification of the Base Pnce of Rs 2 25/kWh 

It will be seen from the above that on practical conslderatlons and In the present context the base pnce 

of Rs 2 25kWh for 1994-95 IS the most suitable basis for pnclng of co-generated power Thls is further 

supported by the fact that exporting of co generated power at this rate by cogenerators In certain states ~ c h  

as Tarn11 Nadu has been found to be financially vlable 

Escalation 

There IS no cost Index or a comblnatlon of ind~ces whlch could be logically used for indexlng pnce 

of co-generated elecmclty 

Escalation at a flat rate such as 5% per year may not remain valid for duratlon of 20 years 

Type and cost of fuels that can be used for cogeneratlon vary greatly An escalatlon formula based 

on cost of fuel and 0 & M 1s not practically feaslble 

After glving careful thought to the above it is felt that the best optlon is to llnk escalatlon to the 

change In the pnce of HT supply to lndustnal customers Thls should cover changes In cost of cogeneratlon 

and glve stable margln to the Utlllty 

- 
I _  PAYMENT 

Payment for power exported from the cogeneratlon facillty should be made on the basls of monthly 

involces wlthin a reasonable credlt perlod of 30 to 45 days and covered by a letter of credit A tnpartlte 

agreement between the cogenerator the Utillty and the bankers of the Utillty 1s strongly recommended If 

payment IS delayed for more than 15 days beyond the credit penod ~t should be regarded as delinquent 

and the bankers should automatically pay the amount wlth stipulated interest without reference to the 

Utlllty 

- 
-_. MINIMUM LEVEL OF SUPPLY 

Since the Agreement requlres the Utlllty to purchase and accept all energy made available from the 

cogeneration plant In farness to the Ut111ty a m~nimum level of supply should also be stipulated 

- 
I WHEELING & BANKING 
Provisions governing wheellng and banklng should be Included in the Agreement Perlod of Banklng 

should be stipulated One year IS a reasonable term Wheellng and Banlung charges should not be excessne 

and should be recovered In the form of energy and not monetanly 
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RADIAL SUPPLY 
D~rect radlal supply to end users may be prov~ded for under following cond~tions 

Radial feeder not to exceed 25 km in length 

Feeders to be set up by the cogenerator at own cost 

SalePurchase terms to be agreed between the Cogeneration plant and the end-user 

Name of end-user and duration of supply arrangement to be advised to the Utlllty 

No respons~bllity will attach to the Utllity m respect of radial supply 

@ REACTIVE POWER 
Some of the util~ty companies want to lay down supply of certaln quantum of reactive power as a 

mandatory condition Thls is often difficult to comply with Even so cogenerators must supply f a r  share of 

reactlve power within their operating parameters and constraints 

Power factor at which cogenerators can generate power IS s~gnificantly hlgher than that In the 

ne~ghbourhood gnd Cogeneration plant can, therefore when supplying power to the grid also supply 

reactive power which w ~ l l  be to the advantage of the ut~lity Fair share of reactlve power can be delivered by 

properly controlling generator excitation 

B PEAKIOFF-PEAK SUPPLY 
If a Ut~lity has 'Time-of-Day tanff consideration may be given to provisions for Peak and Off-peak ' 

supply 

An electr~c utility needs power most dunng the peak perlods and generally has adequate ava~lab~lity 

dunng the off-peak penods Power from cogenerators w ~ l l  become more attractlve to the U t ~ l ~ t y  ~f more 

power is supplied during peak per~ods To motivate cogenerators towards do~ng so a basic price may be set 

for "off peak with premlum for supply dur~ng Peak without forcing the cogeneration plant to do so No 

compulsion should be placed on cogeneratlon plant to supply more power dur~ng Peak periods The only 

condit~on placed should be that the Off-peak ' and On-peak supply should be In proportion to the duration 

of the respective tlme penods 

Ed DUAL FUEL SYSTEMS 
Agro-based unlts such as sugar mllls and food processing plants use b~omass as fuel for cogeneration 

The operation of such plants 1s seasonal because the raw matenal and therefore the blofuel is not ava~lable 

throughout the year If a secondary fuel is ava~lable for use dunng the off season cogeneratlon of electricity 

can be continued dur~ng the off season This makes exportable power uniformly available year round whlch 

is more attractlve to the Util~ty Further productlv~ty of cap~tal becomes substant~ally greater maklng 

investment In cogeneration more attractive If use of secondary fuel for off-season IS found to be feasible 

from cons~derat~ons of availab~l~ty and economlc viability dual fuel cogeneratlon system should be Installed 

T h ~ s  does not go agalnst use of biomass for generating power, since it leads to better financ~al v~ability of 

b~omass-based cogeneratlon projects All available b~omass should be fully used as fuel Quantlty of the 



Project Financing and Policy Development 

supplementary fuel used should be minimum Dual-fuel systems in fact encourage use of biomass in 

cogeneration projects 

In such cases the pnce for elecmcity exported dunng off-season should not be lower than that for the 

season If the cost of the secondary fuel is higher than that of the man fuel it would make cogeneration 

more attractive if higher cost of secondary fuel up to a maximum level is compensated by payment of an 

off-season fuel surcharge 

COGENERATION EQUIPMENT 
Cogenerabon equipment that the cogenerator proposes installing should be specified and agreed with 

the Utility 

El INTERCONNECTION, SYNCHRONIZATION & PROTECTION SYSTEMS 
The Cogenerator should provide cogeneration side facilities and the Utility the tie line to and the 

equipment at its sub-statlon 

Equipment to be provided and the specifications should be as agreed between the cogenerator and the 

Ublity in line with good engineenng practice and with approval from the competent government authonty 

Synchronizing equipment and procedure should be agreed with the Utility Procedure for synchronizing 

should be clearly specified 

B METERING 
Billing meters to be those provided by the Utility Check meters to be those provided by the cogenerator 

Provisions for tesbng calibration and certificahon of meters and also adjustment for inaccuracy detected 

to be agreed and stated in the Agreement 

E3 COMMISSIONING D m  
The comrmssioning date to be specified Maximum extension of one season/year may be normally 

allowed Thereafter provision of penalty for delayed comrmssioning would be reasonable 

El CONTINUITY OF SUPPLY 
Circumstances under which supply may be temporarily curtailed or interrupted with pnor mutual 

agreement or because of a forced outage should be stated Provisions relating to notifying the other party 

and earliest resumption should also be included 

In case the Utility is unable to accept delivery of electncity from the cogenerator unless force majeure 

condihons exist the energy will be deemed to have been supplied The "Deemed Generation should be 

the Cogenerator would have been capable of generating but could not because of the Utility s inability to 

accept it 
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F 1 BACK-UP POWER 
The Util~ty should supply back-up power to the cogeneratlon facility on normal commercial terms but 

w~thout Demand charge dur~ng 

Construction period 

Start-up and comrnisslonlng of the facility 

Scheduled and forced outages of the faclllty 

9 DURATTON 
20 years 

F"T3 DEFAULT & TERMINATION 
Events of default and consequent termination to be clearly specified 

3 DISPUTES & ARBITRATION 
Recolvlng of d~sputes amicably by mutual d~scuss~ons  Arbitrat~on should be in line with the lnternat~onal 

practlce and In accordance w ~ t h  the Ind~an Arb~trat~on and Conc~llat~on Act 1996 

The provisions of the Agreement should be governed and construed in accordance with Indlan laws 

BOO/BOOT PROJECT DEVELOPMENT AND FOREIGN EXCHANGE RISK 
A number of units whlch have good cogeneration potential do not go in for cogeneratlon project because 

of lack of capital funds or inexperience w ~ t h  power generation at hlgher levels part~cularly for In such 

cases development of cogeneration projects could be based on ' Build Own and Operate or Bulld Own 

Operate and Transfer 

BOO B O O T  projects should be gven the same treatment as Owner developed projects 

Presently not many Indlan promoters are comlng forward for BOOBOOT promotion of cogeneration 

projects On the other hand a number of partles from abroad have shown keen interest Such partles may 

brlng In debt funds from abroad but are apprehens~ve of bemng the nsk of unfavourable vanation In 

forelgn exchange rate Some protection may be glven to such developers by compensating for such varlatlon 

in fore~gn exchange rate as IS more that a stipulated level over the per~od of debt repayment 

IT1 CONCLUSION 
As ctated earlier the Energy Purchase Agreement between cogenerator and the electnc Utll~ty and prlce 

to be paid to cogenerator for sale of exportable power are crlt~cal Issues These need to be resolved at the 

h~ghest levels in Central & State governments 

It is strongly recommended that the issues relating to EPA documentat~on are studled and discussed in 

deta~l by a worklng group compnsing MNES Mlnistry of Power Mlnistry of F~nance CEA CPU and 
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representatives of industnes having cogeneration potential The object should be to evolve an Energy Purchase 

Agreement which could be adopted as a national document acceptable in principle to all concerned part~es 

Thereafter it should be given legislative force through sultable enactment and made apphcable to the 

Umon Terntones The States should be advlsed to evolve their own standard EPA based on the Central 

document introducing such minlmum changes as are absolutely necessary and unavoidable In view of 

conditions and circumstances unlque to the State Only such States as conform to the above procedure 

should be given financial and other developmental support by the Central Government 



Glossary 

ASSOCHAM 
ata 
CEA 
CFD 
CII 
CPU 
crore 
DCS 
DM 
ESP 
ETP 
FD 
FETC 
FI 
FlCCl 
GEP 
HR 
HRSG 
KT 
lClCl 
ID 
IDBl 
IGCC 
IPP 
ISMA 
ITCOT 
KEB 
MITCON 
NPC 
O&M 
OEM 
PCRA 
PLF 
PPA 

Pslg 
PRV 
SEB 
STlG 
T&D 
TCD/tcd 
TCH/TNC 
TNEB 
TOD 

tph 
UNDP 
USAlD 
V S drlve 

Associated Chambers of Commerce & lndustry 
Atmosphere absolute 
Central Electrlc~ty Authonty 
Computational flu~d dynamlcs 
Confederat~on of lnd~an lndustry 
Councll of Power Utll~t~es 
Rs 1 crore = Rs 10 000 000 
D~str~but~on control system 
Demlneral~zer 
Electro statlc preclpltator 
Effluent Treatment Plant 
Forced draft 
Federal Energy Technology Center of the US Dept of Energy 
Flnanc~al Instltut~on 
Federat~on of lnd~an Chambers of Commerce & lndustry 
Greenhouse Gas Pollut~on Prevention 
Heat recovery 
Heat recovery steam generator 
Hlgh tenslon 
lndustr~al Cred~t & Investment Corporatlon of lnd~a 
Induced draft 
lndustr~al Development Bank of lnd~a 
Integrated Gas~f~er Comblned Cycle 
Independent Power Producer 
lndlan Sugar M~lls Assoc~at~on 
lndustr~al & Technlcal Consultancy Organ~zat~on of Tam11 Nadu 
Karnataka Electnclty Board 
Maharashtra lndustr~al & Technlcal Consultancy Organlzatlon 
Nat~onal Productlvlty Councll 
Operat~on & Maintenance 
Or~glnal equipment manufacturer 
Petroleum Conservation Research Assoc~at~on 
Plant Load Factor 
Power Purchase Agreement 
Pound square Inch guage 
Pressure reduclng valve 
State Electrlclty Board 
Steam injected gas 
Transmlss~on & D~strrbut~on 
Tons of cane per day 
Tons of cane per hour 
Tam11 Nadu Electrlclty Board 
T~me of day 
Ton per hour 
Un~ted Nat~ons Development Program 
US Agency for lnternatlonal Development 
Var~able speed drlve 



India Cane & Cogen Statistics 

Source MNES 31 March 1999 

State 

Tam11 Nadu 
Karnataka 
Maharashtra 
Punjab 
Andhra Pradesh 
Uttar Pradesh 

Gujarat 

Source ISSCT/ISMA I999 

Capac~ty 

Sugar Produc~ng 
State 

Northern Reglon 
Haryana 
Madhya Pradesh 
Punjab 
Rajasthan 
Uttar Pradesh 

Eastern Reg~on 
Assarn 
B~har 
Orlssa 
West Bengal 

Western Reg~on 
Gujarat 
Maharashtra 

Southern Reg~on 
Andhra Pradesh 
Karnataka 
Kerala 
Tamrl Nadu + 
Pond~cherry 

Under lmplementat~on 

Power Export (MW) 

14 00 
103 64 
21 21 
12 00 

39 50 

5 00 

Commrss~oned 

Cane Product~on 
'000 tons 

8 100 
2 000 
8 600 
1 400 

119 800 

1 500 
5 600 
1 600 
1 900 

10 500 
46 700 

15 200 
24 900 

500 
34 600 

Installed (MW) 

138 50 
16 00 
32 50 

20 50 
62 00 

Power Export (MW) 

81 50 
11 00 
9 00 

10 00 
22 50 

Average Recovery 
% 

9 24 
9 11 
9 05 
8 91 
9 78 

8 36 
9 51 
9 10 
7 97 

10 71 
11 12 

9 40 
10 52 
8 67 
8 35 

Y~eld 
tlha 

53 2 
40 0 
56 2 
50 3 
59 4 

41 5 
37 2 
53 2 
76 0 

71 9 
76 0 

71 5 
87 1 
80 0 

1100 

Announcement of 
a Cogen Pol~cy 

Y 
Y 
Y 
N 
Y 

N 
N 
N 
N 

N 
Y 

Y 
Y 
N 
Y 
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Rates for 

Wheeling 2% of 2% for 6% of 2% 2% of 2% of 2% of 2% of 
energy sister energy with~n energy energy energy energy 

concerns 5 km 
15% others 12 5% 

beyond 
5krn 

Banking Allowed Allowed at Allowed Allowed Not Not Allowed Allowed 
12 months 2% charge 12 months 12 months Allowed Allowed at 2% 12 months 

for 8 12 
months 

BuyBack AtRs225 @Rs225 QRs225 QRs225 QRs225 Q R s 2 2 5 Q R s 2 2 5 Q R s 2 2 5  
per un~t per un~t per unrt per unit per un~t per un~t per unit per unit 
escalated at escalated escalated escalated in escalated escalated escalated 
at 5% at 5% at 5% the same at 5% at 5% (94 95) 
for 5 years (94 95) (94 95) proport~on as (94 95) (97 98) base 
(94 95) increase in base 

HTT Escalation 
5% (94 95) 

Third Allowed Not Allowed Allowed Allowed Allowed Allowed Allowed 
Party Sale Allowed l~nked to not less 

HT tariff than HTT 

Other Part~crpation 
lncent~ves In equ~ty by 

SEB for 
Cogen 

Subsidy 
Q R s 2 5  
mill~on/MW 
for Cogen 
only 

Source Bromass Power Generation m Indra MNES Govt of Indra (November 1998) 

As to 
other 
Industry 

* Maharashtra 7 program has rpec~al feature7 ~ u c h  ar the pasung through of conventional fuel cost and protectron toforergn 
exchange fluctuatron risk 
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Tel 01 1 - 461 6944 
Fax 01 1 - 436 0644 

Sanjw Slnha 
Dy Chlef Englneer 
Shakumbarl Sugar and Allled lndustrles Ltd 
Jagan Bulldlng 2 Sawodaya Nagar 
Kanpur - 208 005 
Tel 0512 - 216161 
Fax 0512 - 21 281 8 

Sathlsh S Vernlkar 
Boller Englneer 
Sharnanur Sugars Ltd 
374 4th Maln P J Extension 
Davangere - 577 002 
Karnataka 
Tel 08192 - 55855 55866 
Fax 08192 - 57007 

Suresh Gyanagoudar 
Project Executive (Sugar) 
Shamanur Sugars Ltd 
374 4th Maln P J Extens~on 
Davangere - 577 002 Karnataka 
Tel 08192 - 55855 55866 
Fax 08192 - 57007 

Manhar Lal Magan la1 Patel 
Shree Chaltan Vlbhag Khand Udyog 
Sahakarl Mandl1 Ltd 
PO Chaltan Dlst Surat 
Gujarat - 394 305 
Tel 02622 - 71 050 71 112 
Fax 02622-71120 

Kantllal V Patel 
Managlng Dlrector 
Shree Karnrej Vlbhag Sahakarl Khand 
Udyog Mandl1 Ltd 
NH No 8 At Navl Pardl Tal Kamrej 
Surat Gujarat - 394 150 
Tel 02621 - 34500 34600 
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VC H~rarnath 
Managlng Drrector 
Shn Hrranyakeshi S S K Ltd 
Sankeshwar Dlst Belgaurn 
Kamataka - 591 314 
Tel 08333 - 73334 
Fax 08333 73001 

SN M~sra 
General Manager 
The S~mbhaol~ Sugar Mills Ltd 
Slrnbhaoll Ghaz~abad - 245 207 
Tel 05941 - 2301 0 231 17 
Fax 05941 - 231 18 

Satwant Srngh 
Executive Drrector 
The Slrnbhaol~ Sugar Mills Ltd 
Slrnbhaol~ Ghaziabad - 245 207 
Tel 05941 - 23010 231 17 
Fax 05941 - 231 18 

G Mohan Reddy 
SPV Power Ltrn~ted 
2nd Street Padrnanabha Nagar 
Adyar Chenna~ - 600 020 
Tel 044 - 491 4240 
Fax 044 - 491 6503 

Prosanto Pal 
Fellow 
Tata Energy Research lnstltute 
Darbar~ Seth Block 
Habltat Place Lodl Road 
New Delhi - 110 003 
Tel 01 1 - 462 2246 
Fax 01 1 - 463 2609 
Emall prosanto@ten res In 

Kathleen McGlnty 
Senlor V~sltlng Fellow 
Tata Energy Research 
lnstltute (ERI) 
Darbar~ Seth Block 
Habltat Place Lodl Road 
New Delh~ - 110 003 
Tel 01 1 - 460 1550 
Fax 01 1 - 462 1770 

San~ay Moza 
Buslness Manager 
Thermax Babcock & Wllcox Ltd 
9 Cornrnunlty Centre Basant Lok 
New Delh~ - 110 057 
Tel 011 -614 5319 DID 614 6122 
Fax 01 1 - 614 8679 614 531 1 
Emarl tbwdelQgndel globalnet vsnl net rn 

K~rtlral J~lkar 
Ass~stant Manager (Buslness Development) 
Thermax Llrn~ted 
Cogen Dlvrslon 
Sal Chambers (Ground Floor) 
15 Mumba~ Pune Road Wakdewad~ 
Pune - 41 1 003 

Ram V Tyagarajan 
CMD 
Thlru Arooran Sugars Lirn~ted 
112 Utharnar Gandhi Sala~ 
Eldorado 5th Floor 
Chennal - 600 034 
Tel 044 - 827 6001/0915 
Fax 044 - 828 4961 

N Srlnlvasan 
Pres~dent (Fln & Adrnln) 
Thrru Arooran Sugars Ltrn~ted 
1 12 Utharnar Gandhi Salal 
Eldorado 5th Floor 
Chenna~ - 600 034 
Tel 044 - 827 6001/0915 
Fax 044 - 828 4961 

C Tiruvengadarn 
Plant Manager 
Thlru Arooran Sugars brn~ted 
112 Utharnar Gandh~ Salal 
Eldorado 5th Floor 
Chenna - 600 034 
Tel 044 - 827 6001/0915 
Fax 044 - 828 4961 

VK Agrawal 
Chalrman 
Tr~mbak lndustr~es Ltrn~ted 
201 T V lndustr~al Estate 
Worll Murnbar - 400 025 
Tel 022 - 498 4292 
Fax 022 - 498 41 54 
Ernall trlrnbakQborn3 vsnl net In 

K Shankar 
Sr Manager - Marketrng 
Trlvenl Eng~neenng & Industries Ltd 
Turbrne Business Group 
12 A Peenya lndustrral Area 
Bangalore - 560 058 
Tel 080 - 839 4721 
Fax 080 - 839 521 1 
Ernall rnkt tbgQgnblr tell globalnet ems vsnl net In 

N Sr~nrvas 
Sr Manager - Marketlng 
Trrven~ Eng~neerlng & lndustr~es Ltd 
Turblne Bus~ness Group 
Rattan Jyoti 51h Floor 
18 Rajendra Place New Delh~ - 11 0 008 
Tel 01 1 - 576 4728/4729 
Fax 01 1 - 576 4561 
Ernall rnkt tbgQgndel tell globalnet ems vsnl net in 

Tarun Ahula 
Sr ~ a n a ~ e r  - Marketlng 
Tnven~ Englneerlng & lndustr~es Ltd 
Projects & Eng~neenng Bus~ness Group 
D 196 Okhla lndl Area Phase - I 
New Delh~ - 11 0 020 
Tel 01 1 - 681 1878/9015 
Fax 01 1 - 681 2280/8216 

Tel 020 - 311010 316141 
Fax 020 - 31 1042 
Ernall kj~lkar@thermax~nd~a corn 
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JB Bhalla 
Consultant 
C/o The Ugar Sugar Works Ltd 
P 0 Ugar Khurd Dlst Belgaum 
Karnataka - 591 31 6 
Tel 08339 - 72230 
Fax 08339 - 72232 

RV Shlrgaokar 
Manag~ng Dlrector 
The Ugar Sugar Works Ltd 
P 0 Ugar Khurd D~st Belgaum 
Karnataka - 591 31 6 
Tel 08339 - 72230 
Fax 08339 - 72232 

James Bever 
Deputy Mlsslon Dlrector 
USAlD 
B 28 lnst~tut~onal Area 
Shaheed Jeet Slngh Marg 
New Delh~ - 110 016 
Tel 01 1 - 686 5301 
Fax 01 1 - 686 8594 
Emall jlbeverQusa~d gov 

Rlch ard Edwards 
Dlrector E3 
USAlD 
B 28 lnstltut~onal Area 
Shaheed Jeet Slngh Marg 
New Delhl - 110 016 
Tel 011 - 686 5301 
Fax 01 1 - 686 8594 

Suresh Jaln 
Adv~sor FETC 
USAlD 
B 28 lnst~tut~onal Area 
Shaheed Jeet Slngh Marg 
New Delhl - 110 016 
Tel 01 1 - 686 5301 
Fax 01 1 - 686 8594 
Emall s]a~nQusa~d gov 

SD Borude 
Sugar Englneer 
Vasantdada Sugar lnst~tute 
Manjar! (Bk) Tal - Have11 
Pune - 41 2 307 
Tel 020 - 670884 670885 
Fax 020 - 672735 
Emall vs~l~bQg~aspnOl vsnl net In 

KR Pat11 
Sugar Englneer 
Vasantdada Sugar lnst~tute 
Manjar1 (Bk ) Tal - Have11 
Pune - 41 2 307 
Tel 020 - 670884 670885 
Fax 020 - 672735 
Emall vs~l~bQg~aspnOl vsnl net In 

An~ta Khuller 
Program Development Offlcer 
Wlnrock lnternatlonal lndla 
7 Pootvl Marg Vasant V~har 
New Delh~ - 110 057 
Tel 011 - 614 2965 
Fax 01 1 - 614 6004 

P Venkata Ramana 
Program Manager (Renewable Energy) 
Wlnrock lnternatlonal lndla 
7 Pootvl Marg Vasant V~har 
New Delh~ - 110 057 
Tel 01 1 - 614 2965 
Fax 011 -6146004 
Emall venkat@w~nrock ernet In 

USA 
Scott Q Turn 
Research Eng~neer 
Energy Conversion Programs 
Hawall Natural Energy lnst~tute 
Unlverslty of Hawall at Manoa 
2540 Dole Street Holmes Hall 246 
Honolulu HI 96822 USA 
Tel +1 - 808 - 956 - 2346 
Fax +1-608-956-2335 
Emall sturnQhawall edu 

Deborah Boldt 
Consultant 
C/o Wlnrock lnternatlonal 
Renewable Energy Group 
161 1 North Kent Street Su~te 600 
Arl~ngton VA 22209 USA 
Tel +1 - 703 - 525 - 9430 
Fax +1 -703-243-1175 
Emall DebBoldtQaol com 

Lee Jakeway 
Wlnrock lnternatlonal 
Renewable Energy Group 
161 1 North Kent Street Sulte 600 
Arlington VA 22209 USA 
Tel +1 - 703 - 525 - 9430 
Fax +1 -703-243-1175 

Des~gned by Roots Advert~s~ng 
Pnnted at Mehta Offset Works New Delhl Ind~a 


