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EXECUTIVE SUMMARY

Industrial sectors includingugar and pulp and paper mibse increasinglyadopting
cogeneration unitsand are acquiring substantial benefits from such facilities.It is
observed that bagasse, fibrous residue remaining after the extraction of juice from
sugarcane, typically has been used as an input to produce electricity and steam in
sugar mills of South Asia. However, most of the mills have not attained true energy
potential of bagasse because of outdatequipment using conventional thermal
steam techndogies. Wood waste and sludge collected as residues from these
industries areconverted to useful thermal energy by burning in industrial boilers to
generate electricity and steam formany years reducing requirement of energy
sources.

This reportcommissimed by the SAARC Energy Centre (3&€)been prepared
based on desk studies collecting data, information, reports, papers, eteqaged

in the context ofthe ToR.Some observations presented in the report are made
extracting relevant information fronavailable studies conducted earlier by different
experts, institutions, etc.

The results of the study for the four SAARC Member ststigdied are summarized
below:

Bangladesh

- All the sugar mills have cogeneration facilities while these mills are opelating
the crushing season for 150 days. Withe bagasse available, cogeneration
potential can produce ovet00 MWround the year.

- The pulp and paper industry has about 35 MW being generated from
cogeneration and this is expected to increase to more thaimw.

India

- Sugar millcogenerate their own requirements of steam and powsrile surplus
is being sold to grid The potential for cogeneration in the sugar industry is
estimated to ovet5,000 MW.

- Paper mills are using agmdustrial residue based cogeraion to meet all their
energy requirements and the cogeneration potential has been estimated to be
about 750MW.

Pakistan

- All operating sugar millhave potential to produce excess electricity and the
potential from these mills has been estimated arouagd00 MW and if coal is
addedas an alternative/additional fugthis may go up to,200 MW,

- It is estimated that total potentiain the pulp and paper sectowill range
between 200 MW to 300 MW provided majority of paper mills install
cogeneration plant

Sii Lanka

- Information on cogeneration was not readily available.
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Collection of information/data on sugar industry for Bangladesh, India and Pakistan
was available for analysis but for Sri Lanka it was not possible due to unavailability of
required informatio. Similarly for paper industry information for Bangladesh and
India was available but for Pakistan and Sri Lanka, information was not available.
Unavailability of information/data limited the scope of analysis required for
presenting cogeneration situatioand potential along with barriers and constraints
regarding Pakistan in Paper Industry and Sri Lanka for both sugar and paper
industries.

Since cogeneration development seems to be very promising, the hurdles
(institutional structure, policy and planningnergy pricing and tariff, investment and
financing etc.) in this sector may Ibeviewedfor its further propagation. Regulatory
measures are needed for the sale of excess electricity to the grid or third party, and
backup power supply from the grid and when necessary.

Coordination among the users, suppliers, financiers, developers, etc., is very
important and there is a need to have a facilitator or an intermedibody.
Cogeneration promotion activities should be combined with energy conservation
and efficiency activities. SAARC Energy Ce{8EL may take the responsibility of
WC I OA ftolvards (p®mdlion of ogeneration withinthe SAARC region, by
arranging semina/workshops for awareness about opportunities and potential of
each country to thers. They may come up with the assistance of Indidheg are
experienced in this region) fdoilateral and international support for setting up
cogeneration demonstration projects usingcenttechnologies in various sectors of
activities in order toachieve rational use of energy within the country and the
region.

The development of cogeneration is basically a policy issue, and therefore, the first
prerequisite is an establishment of ideal policy framework. There should be certain
regulations that @arly define the cogeneration system by specifying the fuel to be
used, energy efficiency, minimum or maximum ratio of heat to power, etc.
Regulations should allow the purchase and sale of power between cogenerators and
electric utilities. The obligationand rights of cogenerators and electricity utilities
must be clearly defined as well as the interaction between th@werall, asuitable
investment climate should be created in order to attrakical and foreign
investment into the field of cogeneration.
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INTRODUCTION
Background

A cogeneration system is the sequential or simultaneous generation of multiple
forms of useful energy (usually ethanical and thermal) in a single, integrated
system. Mechanical energy, generatedm the system|s typicallyusedfor driving
electrical generatorso produce electricity, orto rotate equipment such as motsy
compressos, pumps as required to run anndustry. On the other hand, ermal
energyproduced from the systernan be used direbt for processng applications or
indirectlyto producesteam, hot water, hot air for dryer or chilled water for process
cooling. Similarly, industries integratg cogeneration system produce thermal
energy forindustrial processes, space heating, water heating, dehumidification,
refrigeration and air conditioning. Air conditioning and refrigeration is carried out
through the use of commercially available absorptionllers requiring either low
pressure steam or hot water.

Cogeneration provides a wide range of technologies for application in various
domains of economic activitie.he major benefit of cogeneration is that it offers
the potential for achieving substantianergy cost savings. Overall energy conversion
efficiencies greater than 80% are typical for many existing industrial cogeneration
systems. This compares to an overall conversion efficiency of 30 to 40% for
conventional power generating systems, whichjet heat directly into the
environment. Along with the saving of fossil fuels, cogeneration also allows
redudion of emission of greenhouse gases (particularly: E@ission) per unit of
useful energy outputlt makespower available closer to load centesigd improve
reliability of the electrical energy supply by adding generation capaditye
production of electricity being osite, the burden on the utility network is reduced
and the transmission line losses eliminateds a result, ridustrial cogeneation
operators can realize revenues from the sale of surplus electricity to the electrical
grid and/or from the sale of surplus steam and hot water to neighboring users.

It is observed that &gasse fibrous residue remaining after the extraction of juice
from sugarcane, typicallyas been used asianput to produce electricity and steam
in sugar millsof SAARC regiotHowever, most of the millkave not attained true
energy potential of bagassbecause ofoutdated equipmentusing conventional
thermal steam technologies.

In pulp and paper industries, o®d waste and sludge collected as residues are
burnedin boilersreducing requirement obther energy sources.

In early daysmostof cogeneration systemf&iledin industries such as sugar mills or
pulp and @mper mills. The reasowasthat the industries werepurposely designed
with lower efficiencyfor cogenerationin order to get rid of all thevastesproduced.
However, the interest in cogeneration revivedcause ofapidly increasing demand
for electricity, constraints faced by the national authorities to finance additional
power generating capacities, and the growing concern to limit the environmental
emissiors associated with the use of energy. Cogeneration is presently being
recommended when there is plaor expansion of existing facilities, development of
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1.2

1.3

1.4

new industrial zones, replacement of outdated steam generation systems, or when
the cost of energy is high and there is scope for selling power.

Objectives

The main objective of this study is to rewi existing cogeneratiopotential in sugar
and pulp & papeindustries infour SAAR®@ember countrieswith a view to assess
the current cogeneration situation, potential, government initiatives and legal
framework The study also covergshe technical aspets, economic drivers and
environmental benefitsbarriers andconstraintsand proposesthe way forwardfor

the implementation ofcogeneration irSAAR@emberstates

Methodology

A detailed country-wise review of available reports and literatures related t
cogeneration insugar and pulp & paper industries was carried bytcontacting
relevantweb sites, authors and peerAs it was a destop study, he consultantpaid
visis to the concerned governmerdgencies/corporations, mills owners association,
acalemic institutions & academicians as well as donor agencies like/trél Bank,
ADB, UNESCO, ESCAP, UNICHHlgie Bangladeshbut for Pakistan, India and Sri
Lanka, the method was to visit websites, telephone aalidemail correspondences
with similar types of agencies.

This report has been prepared based the data, information, reports, papers, etc.

as mentioned above. Some observations presented in the report are made extracting
relevant and taking pertinent information from the available sealiconducted
earlier by different egerts, institutions, etc.

Scope of work

The study will cover, but ndde limited to, the following aspects:

a) Analyze the potential, technical aspects, economic drivers and environmental
benefits for cogeneration isugarand pulp & papemdustries;

b) ldentify the barriers and constraints in implementation of cogeneration in SAARC
member states

c) Cost benefit analyses for improving the efficiency of existing plants and replacing
inefficient machineries with the new efficié technology options for
cogeneration irsugar and pulp & paper industries

d) Review the government initiatives and, legal framework for energy cogeneration
in SAARC Member States;

e) Review of regional and international best practices in energy cogeneration

f) Recommend the way forward for successful implementation of Cogeneration in
sugar and pulp & paper industries SAAR@ember states
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2.1.1

PART ACOGENERATION
Concept ofCogeneration

Principles of Cogeneration

Cogenerationor combined heat and powefCHP)is defined as the sequential
generation of two different forms of useful energy from a single primary energy
source, typically mechanical energy and thermal energy. Mechanical energy may be
usedto drive an alternator for producing electricity, or rotatingugpment such as
motor, compressor, pump or fan for delivering various services. Thermal energy can
be used either for direct process applications or for indirectly producing steam, hot
water, hot air for dryer or chilled water for process cooling.

Thee are two basic cogeneration configurations or operating cycles depending on
whether mechanical/electrical power is produced before or after heat is extracted
for thermal application.

The system in which electrical power is produced first, followed byaetion of
heat, is known as dopping cycle and the system in which thermal energy is
produced first followed by producing electricity is known as bottoming cycle

Topping Cycle

The primary fuel is used to produce electricity and the thermal energy esthau
used for process heating. Topping cycle cogeneration is widely used and is the most
popular method of cogeneration. A gas turbine or diesel engine producing electrical
or mechanical power followed by a heat recovery boiler to create steam to drive a
secondary steam turbine.

Figure2.1: Combined Cycle Topping System
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SteamTurbine Topping System

The second type of system burns fuel (any type) to producerigbsure steam that
passes through a steatarbine to produce powerwith the exhaust providingpw-
pressure process steaused in the plant

Figure2.2: Steam Turbine Topping System
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A third type employs heat recovery froan engine exhaust and/or jacket cooling

system flowing to a heat recovery boiler, where it is converted to process steam /

hot water for further use.

Figure2.3: Gas Engine Topping System
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GasTurbine Topmg System

A natural gas turbine drives a generator. The exhaust gas goes to a heat recovery
boiler that makes process steam and process heat.

Figure2.4: Gas Turbine Topping System
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Bottoming cycle

The primary fuel is used to produce high temperatuseeam that is used in the
process plant. The lower pressueghaust steam is subsequently used to produce
electrical energy through waste heat boiler and turbine generator system. Bottoming
cycles are suitablefor manufacturing processes that require heat at high
temperature in furnaces and kilns, and reject heat at significantly high temperatures.

Figure2.5: Steam Turbine Bottoming System
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2.1.2 Important Technical Peameters for Cogeneration

While selecting cogeneration systems, one should consider some important
technical parameters that assist in defining the type and operating scheme of
different alternative cogeneration systems to be selected.
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Heatto-power ratb

Heatto-power ratio is one of the most important technical parameters influencing
the selection of the type of cogeneration system. The Hegbower ratio of a
facility should match with the characteristics of the cogeneration system to be
installed.

It is defined as the ratio of thermal energy to electricity required by the energy
consuming facility.

Quiality of thermal energy needed

The quality of thermal energy required (temperature and pressure) also determines
the type of cogeneration system. Fa sugar mill needing thermal energy at about
120°C, a topping cycle cogeneration system can meet the heat demand. On the other
hand, for a cement plant requiring thermal energy at about 1450°C, a bottoming
cycle cogeneration system can meet both highlguahermal energy and electricity
demands of the plant.

Load patterns

The heat and power demand patterns of the user al¢lse selection (type and size)
of the cogeneration system.

Fuels available

The availability of cheap fuels or waste produtist can be used as fuels at a site is
one of the major factors in the technical consideration because it determines the
competitiveness of the cogeneration system.

A rice mill needs mechanical power for milling and heat for paddy drying. If a
cogeneratim system were considered, the steam turbine system would be the first
priority because it can use the rice husk as the fuel, which is available as waste
product from the mill.

System reliability

Some energy consuming facilities require very reliablevgroand/or heat; for
instance, a pulp and paper industry cannot operate with a prolonged unavailability of
process steam. In such instances, the cogeneration system to be installed must be
modular, i.e. it should consist of more than one unit so that stmwn of a specific

unit cannot seriously affect the energy supply.

Grid dependent system versus independent system

A griddependent system has access to the grid to buy or sell electricity. The grid
AYRSLISYRSy(l aeaidsSy A-af 2yen thhtyheasyall tha |
energy demands of the site. It is obvious that for the same energy consuming facility,
the technical configuration of the cogeneration system designed as a grid dependent
system would be different from that of a staradone system.

Retrofit versus new installation

If the cogeneration system is installed as a retrofit, the system must be designed so
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that the existing energy conversion systems, such as boilers, can still be used. In such
a circumstance, the options for cogeneratisystem would depend on whether the
system is a retrofit or a new installation.

Electricity buyback

The technical consideration of cogeneration system must take into account whether
the local regulations permit electric utilities to buy electricitgrh the cogenerators

or not. The size and type of cogeneration system could be significantly different if
one were to allow the export of electricity to the grid.

Local environmental regulation

The local environmental regulations can limit the choitduels to be used for the
proposed cogeneration systems. If the local environmental regulations are stringent,
some available fuels cannot be considered because of the high treatment cost of the
polluted exhaust gas and in some cases, the fuel itself

International Best Practices

There is no standard procedure or method to gather reliable antbugiate data on
cogenerationbased power generation and installed capacity in each country on a
basis comparable with the others. Based on data available in tltera north
European countries are presently the leaders in the field of cogeneration, having
between 30 to 40% of their power generating capacities as cogeneration. In the case
of the European Union of 15 countries, cogeneration represented more thared5 p
cent of the total gross electricity generation and countries like Denmark, Finland and
the Netherlands far exceed the others. Next in line are the central European
countries and China, which have an average of 10 to 15%. The United States has less
than 10% of electricity coming from cogeneration whereas the figure for Australia is
just over five per cent. Worldwide trends indicate that a significant increase in
cogeneration is likely to occur over the next 20 years. There is a general consensus
that the importance of cogeneration technology is linked with its potential for
rendering higher energy efficiency, more stable energy supply, and reduced
environmental impact.

In many industrialized countries, cogeneration is playing an increasingly important
role in industry and in the residential and service sector. It is being perceived not as a
competitor to the conventional power generation system, but as an advanced
technology that can be applied to hospitals, hotels, shops and offices. Another area
where ca@eneration has become popular is the district heating network, and more
recently district cooling in tropical climates.

Cogeneration experiences of selected countries around the world, focusing mainly
on the United State of America and Europe where cogatnan is better organized
and data for most countries are more easily accessible are summarized below:

United States of America

The United States of America has been widely recognized as the first country for
having set up policy for promoting cogeneratioThe Public Utility Regulatory
Policies Act of 1978 was signed into law in November 1978. Enacted as part of a



Study on Cogeneration Opportunities in Sugar and Paper Industries in SAARC Member States

2.2.2

package of legislation to combat the "energy crisis,” and the perceived shortage of
natural gas, primary purposes of the policy were to promot@servation (through
cogeneration of both steam and electricity) and to encourage greater use of
alternative sources of power generation.

Cogeneration is now used extensively by several enmtgysive industries,
including pulp and paper, chemicalsndapetroleum refining. Following are the
developments that have renewed interests of both government and industry in
expanding cogeneration applications to other industries as well as othéorseaf

the economy.Recent advances in technologies such amhlmgstion engines, steam
turbines, reciprocating engines, fuel cells, and hesiovery equipment have
decreased the cost and improved the performance of cogeneration systems;

Although the technical performance and costs of cogeneration systems have
improved, there are significant barriers to their widespread use, which include the
following aspects:

a) Environmental permission for cogeneration systenvghere arrent
environmental regulations do not recognize the overall energy efficiency of
cogeneration, or i@dit the emissions avoided from displaced electricity
generation;

b) Utility policies forutilities currently charge backup rates and require complex
interconnection arrangements for cogeneration systearsg

c) Tax Policiesn depreciation schedules for cogeraion investments.

The Department of Energy (DOE) is undertaking its efforts-mraioation with the
United States of Environmental Protection Agency, which is focusing on
environmental permit issues such as application of output based emissions
standads to CHP systems, and the inclusion of cogeneration as a strategy in State
Implementation Plans for the Clean Air Act.

Denmark

Cogeneratiorwas widely used in large towty the end of 198@nd fresh initiatives
were taken in 1986 to develop around 450WMof small scale cogeneration
programmes in about 300 small towns with the power utilities playing a major role.
In 1988, guidelines were issued by the Ministry of Energy, which required all
municipalities to ban the use of electric heating in new buildimy areas having
collective heat supply facilities.

Bythe end of 1993, utility generation accounted for 29,782 GWh of electricity and
19,546 GWh of heat. The energy efficiency of conversion was 58 per cent that would
have been 40.3 pecent without cog@aeration. Nonutility cogeneration accounted

for only 607 GWh of production. On the whpover 10 per cent of fuel isaved
through cogeneration in Denmark. This figure is a little low because of the low load
factor, i.e. cogeneration plants often operaite non-cogeneration mode due to the

low heat demands. Heat from cogeneration plants accounted for 64 per cent of the
total heat supply to district heating network, and almost half of this was for space
heating alone.
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By 2005, district heating is expedtéo account for 60 per cent of the total heat
demand (47 per cent in 1990) and 90 per cent of this demand (55 per cent in 1990)
would be met by cogeneration. This achievement is only possible with a very
conducive policy framework set by the national aotities, active involvement of

the utilities and a combination of legislation, grants and subsidies, tariffs and tax
incentives.

France

Therole of cogeneration has been marginal up®80 andin 1995, cogeneration
represented only around 1.4 per cent tfie total power production in France.
According to a study conducted in 1996 for the Ministry of Industry, the total
installed cogeneration capacity at the end of 1995 was 3,200 MW. The Ministry of
Industry had forecasted this figure to rise to 5 GW by ylear 2005. However, recent
policy and tariff changes have favoured much rapid development of cogeneration,
proven by the fact that in 1997 alone, the installed capacity had doubled the figure
of 1996, attaining 500 MW. If a few of the planned big prggeeare actually
implemented, the figure could easily surpass 1,000 MW in 1998.

Recent policies regarding financial assistance for cogeneration include tax holiday on
natural gas for 5 years, reduced tax on investment costs, 50 per cent reduction in
professey I £ GFES SGO0d C2NJ FFEOAECAGIGAY I FdzNd
ahdairzyé 2F DIFIT RS CNIyOS aidlINISR 2FFSNRAY
The Club Cogénération, was created by groups of many important French entities
concerned with cogeneration. Th€lub proposes to public authorities regulatory
measures that can favour the growth of cogeneration. It participates in working

groups and gives opinion on the texts prepared in France as well as in Europe. It

plays the role of a catalyst for exchanging esences and information among
professionals. The Club organizes training workshops and seminars periodically. The

club also assures the folleup on technological developments in cogeneration: new

models and systems, efficiency improvements, impact of ititetallations on the

economy and environment.

Spain

The policies developed by the national authorities in the 14880 sent a very
positive signal to the market and favoured cogeneration to an extent beyond what
was projected in 1990. Cogeneration appszh to have become such a lucrative
activity that some cogenerators sold all the electricity generated in their plant to the
grid and met their own power needs by buying it from the grid at a cheagker
than their selling price.

The new law of 1995 is pgcted to have some regressive impact on the extent of
new cogeneration development in Spain. This legislation intends to harmonize self
generation with the central system and develop a uniform tariff. A major blow on
the cogenerator has been the reductiar the tariff of exported electricity in steps

by 30 per cent after 5 years of commissioning. Accordingly, the payback periods are
expected to be much longer, as much as 15 years. The minimum purchase contract
period has been specified for five years. Togenerator is allowed to sell only the
electricity produced in excess. Penalties for ssupply of guaranteed electricity
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have become so high that the cogenerator is likely to choose a programmed tariff
that has a lower rate. The law appears more favéleao the power sector which

will become a major player in cogeneration investment in the future as it is highly
unlikely that lower returns and higher risks involved in cogeneration projects can
attract private sector investment any longer.

2.2.5 United Kingdan

Most recent cogeneration figures available show that there are a total of 1,336
cogeneration schemes in operation throughout the United Kingdom with a total
capacity of 3,562 MW. Almost threguarter of the total number of installations was
for commercid, residential and public sector buildings. On the other hand, the
industrial sector dominates the cogeneration market, accounting for 89% of the total
installed capacity. From this information, one can conclude that industrial
cogeneration schemes had nmudigger power generating capacities than those in
the other sectors did.

Privatization of the public utilities and the going liberalization of the energy
market have given a boost to the cogeneration business. The majority of the small
cogenerators des not require getting a license and have been exempted from the
fossil fuel levy. Even export of power up to 500 kW is allowed with the need to have
a supply license.

Government has set an objective to establish an undistorted market for
cogeneration ando eliminate any unnecessary barriers. To start with, government
seeks cost effective options for applying cogeneration to its own estate and to
persuade the public sector to followCurrently over a half of all cogeneration
installations are in the publigector.

Government is also working with the cogeneration industry and other partners in
order to develop new cogeneration market where there is unrealized potential.
Efforts are being made to replicate the experience already gained in industries and
buildings where cogeneration is well accepted.

Lastly, government intends to continue the promotion of this technology by keeping
the decisionY { SNE Ay F2NX¥SR GKNRddzZAK GKS a9y SN
programme and other environmental and energy managemseitiatives.

2.2.6 Japan

Cogeneration is a well known concept in Japan, and the total cogenerating capacity
of public power plants and industrial and commercial cogenerators represents 1.8 %
of the total power generation capacity of the country. As of MareB8l there were
1,490 units totahg 789 MW installed for commeial use and 1,051 units totag

3,507 MW for industrial applications. As can be observed, industrial cogeneration
plants with an average power generation capacity of 3.34 MW tend to be much
bigger in size compared to the ones used for commercial applications, typically
around 0.5 MW.

After a sharp rise in 1990, the growth rate slowed down in 1992 due to recession and
decline of energy price. There has been aemged interest in cogeneratigrthe

10
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number of installations as well as the capacity has been steadily increasing over the
last decade Among commercial applications, hotels rank first in terms of number
and total capacity, followed by shopping centres and offices. The main features of
these sites include long and continuous operating hours, constant demand of
thermal energy for hot water, steam and chilled water. Though few in number,
district heating and cooling network projects with much higher average sizes,
contribute significantlyto the total capacity. Among industrial uses, pharmaceutical
and chemical industries have the largest share in terms of nhumber and capacity.
Other subsectors having high cogeneration capacities are oil and gas, pulp and
paper, iron and metals, and machiyerin contrast, the food industry uses many
smaller systems.

Lastly, grants can be obtained for development of new generation environment
friendly technologies such as ceramic gas turbines, ceramic natural gas engines,
large-scale high efficiency fuel ¢gl etc.

Republic of Korea

Cogeneration development that has taken place in the Republic of Korea can be
classified into 4 distinct categories: industries, higde buildings, industrial estates,
and district heating networks. The total number of cogetem plants in these four
areas was 90 units in 1995, with a cumulative power generation capacity of 6,225
MW.

The most important cogeneration development has been in connection with district
heating system in the outskirts of Seddktropolitan City Gorernment set up an
ambitious plan to provide two million residential units, mostly apartment buildings,
outside Seoul city during laté980s and earlyl990s, in order to disperse the
population in newly developed towns. Ten such projects were commissitiyed
1995 in the satellite cities that have a great demand for heat during the cold season.
Cogeneration plants were jointly built by two public sector enterprises; the Korea
Electric Corporation assured the electric power supply, while district heating was
handled by the Korea District Heating Corporation. A total power generating capacity
of 3,013 MW was already in place by 1995. Further expansion plans iddoee
southern part of Seoul city, which includieesidential areas for over three million
people. An example of cogeneration and district heating project that has been
developed recently is the one in the town of Bundang. In order to supply electricity
and other forms of energy to approximately 100,000 households in mostly
apartment buildings, naturafjas fired combined cycle cogeneration plants were
installed with a total capatyi of 600 MW of power and 560 GIhour of heating
facility.

RegionalBest Practice

The concept of cogeneration is not new in this regiBut presently,interest in
cogeneraton is being renewed due tthe recent changes in government policies
regarding the role of private sector in the power sector. Deregulation of the power
sector has given the right thrust towards revitalization of the cogeneration concept
and has provide@n excellent opportunity for cogeneration to flourish. Experience in
some countries have shown that while independent power producers (IPPs) are

11
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facing some teething problems, the small to medium sized cogeneration projects,
despite their relatively smadicale, have been more successinder the small power
producer (SPP) programme. Based on location, environment and -Scadl
advantages, these projects have been capable of providing surplus power at highly
attractive rates.Cogeneration experiensf some seleted countries of this region
aresummarized below:

Thailand

Thailand can be considered as an excellent showcase for many of the Asian
developing countries as far as the promotion of small power generation and
cogeneration is concerned. The goverant of Thailand approved a policy in
October 1988 to encourage private sector involvement in power generation through
cogeneration, renewable energies and waste fuels.

The National Energy Policy Officéhailandhas estimated the technical potential for
cogeneration in about 20 industrial estates alone to be as high as 5,000 MW.

LI NI FNRY (KS 3I208SNYyYSyidQa LkfAde (2
power generation in the form of independent power producers (IPPs), the energy
authorities of the ountry recognize energy generation from noanventional
energy, waste or residual fuels, and cogeneratign

i) promoting the use of indigenous byroduct energy sources and renewable
energy for electricity generation;

i) increasinghe efficiency in the usef primary energy;
iii) encouraginghe participation d small power producers (SPPs); and

iv) reducingthe financial burden on the public sector with respect to investment
on electricity generation and distribution.

The power utility has the obligation to purcéa electricity from any SPP who
cogenerates using any type of fuel, meeting certain requirements. These include the
type of thermal cycles to be used, the minimum amount of thermal energy to be
used from the cogeneration plant, and the minimum overallogéficy on the bsis

of the type of fuel used.

Indonesia

In Indonesia, cogeneration technology has been traditionally associated with major
process industries having high steam demand, such as paper, chemicals, refineries,
and food and beverage industrieslowever, not many industries are presently
utilizing cogeneration technology due to two main reasons. The industrial decision
makers are little aware of the technology and its economic merits. Secondly, the
energy price does not reflect its actual cost.

On the other hand, captive power plants are commonly employed in Indonesia due
to the geographical characteristics of the country and inability of the national grid
system to supply the amount of energy required by the users. The share of energy
from capive power plants represented 368bthe totalrequirement

12
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The first regulation issued in 1993 allows the industries to adopt cogeneration
technology for their own use witfi dzGAf AGe@Qa O2y O0Saairzy I NJ
power from the cogeneration facility to the utility. The Ministry of Mines and Energy
published the tariff for purchase of electricity from small power producers. After

power generation from solar, mitiydro and wind energies, cogeneration from
agricultural and industrial wastes was given the next priority, allowing sale of up to

30 MW for JavaBali grid system, and up to 15 MW for the other grids.

The third priority was given to cogeneration using convamal fuels, followed by
power generation alone with conventional fuels. In line with the energy policy,
government will look into some factors while issuing permits to private generators
and cogenerators who intend to produce energy for their own use amdsélling
excess to others. These include the local grid capability, primary energy source used,
pricing mechanism, security of energy supply, and environmental impact.

2.3.3 Philippines

The governmentof Philippineshas manifested a growing interest to proneot
industrial cogeneration, with the following rationale:

Development PolicyRecognizinghat adequate power supply is one of the basic
prerequisites for sustained economic growth, decision was taken to allow private
sector participation in the power seaf;

Additional ResourcesThe private sector can be expected to bring additional
resources or equity funds;

Efficiency ImprovementMany industries with continuous demand for low quality
steam can install power generation units and use the waste steaninthrstrial
process needs, thus high fuel use efficiency can be achieved,;

EnvironmentalBenefits Cogenerationoffers substantial reductions in exhaust gas
emissions. Government has therefore instituted policies, incentives and programs
for supporting cogneration along wittrenewable energy technologies; and

Fiscallncentives Extendedto the cogeneratorsinclude income tax holiday for six
years, reduced duty of only 3 per cent on imported capital equipment and spare
parts, tax credit on domestic capitabuipment and spare parts and tax deduction
for labour expenses.

For purchase of power from cogenerators having less than 10 MW capacity, standard
power purchase rates are adopted which reflect the structure of capacity and energy
costs of the national uity for varying levels of power availability and dispatchability.
The electric utility shall sell power to the cogenerator upon request. The-lyack
power provided by the utility will be at a rate approved by the Energy Regulatory
Board.

The host utilityis obliged to interconnect and wheel the electricity generated to a
third party; for cogeneration with less than 10 MW capacity, the utility will shoulder
all the costs. For cogeneration facility of any size, maintenance cost of the
interconnection facity shall be borne bthe electric utility.

13
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24.1

Operational Processsof the Target Industries
Sugar Industry

The sugar production process comprises of two main processes. First process is the
extraction of juice from sugar cane and the second process isrifstatization of
sugar from the juice.

First process

The first process comprises of carrying sugar cane to the mill, chopping the sugar
cane, fiberizing the chopped cane and crushing the fiber so that the juice present in
the sugar cane will come outh& juice thus obtained contains sucrose, some other
dissolvel materiak and water. During crushingo ensure proper extraction of
sucrose from the sugar caneater is mixed with crushed fiber and againarished.

This process is repeated33times depeding on the system involved. This process is
called imbibition. After crushing the juice is carried to other place for further process
and the residue of the crushed cane callegigasseis directly fed to the boiler as

fuel. The bagasse thus contains ab&li®6 moisture.

Second process

The second process starts with the formation of crystal of the sugar. It comprises of
clarification of sugar, heating of juice for evaporating the water to make the juice
supersaturated with sugar, cooling the juice for ¢ajlization and finally centrifuging
the magma to get the sugar. The processes involved are thphitation,
decantation, filtration, heating, evaporation, crystallization and centrifuging. During
the process the energy is supplied to the juice by steamd #hrough motors for
transferring the juice at different locations. Due to chemical stability the juice cannot
be heated more than 1@ and to evaporate the water effectively evaporation is
done in vacuum and the vacuum is generated mainly by condettsingvaporated
steam from the evaporator. For process heating some steamsed directly from

the boiler.

It is well known that sugar process is a combined heat and power (CHP) process that
it is a cogeneration process. Steam from the boiler is injtialed for generating
power and after that it is used for process heating. Finally this steam is condensed by
the process itself and therefore no extra condensing system is present in the sugar
mills. The condensate is then fed to the boiler again. A samabunt of water is
required to be treated for boiler which is the makeup water. During heating in the
evaporator steam is produced and this steam is condensed by barometric condenser
using water spray which in turn is passed to the spray pond for cod\mprtion of

the steam is used for rumng the crusher driven by cstier turbine.

Generally, sugar mills are using spray for cooling water suppthe time of starting

the mill, spray pond is filled up with water collected from underground watersThi
water along with the makeup water needed for condensing the steam to create
vacuum, is supplied from the condensing steam coming from the evaporator. As
there is a continuous supply of water from the process itself therefore no extra
water is needed forcondensing purpose. The water needed for the process is
supplied from underground source.

14
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Figure2.6: Sugarcane Processing Flowchart
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2.4.2

Cogeneration in Sugar Industry

Bagasse is the fibrous residue of eastalk obtained after crushing and the
extraction of juice. Each ton of sugarcane can yield 250kg of bagasse. The
composition of bagasse varies with variety and maturity of sugarcane as well as with
harvesting methods used and efficiency of the sugar mmill processing the
sugarcane.

The value of bagasse as a fuel depends largely on its calorific value, which in turn is
affected by its composition, especially with respect to water content and to the
calorific value of the sugarcane crop, which dependsniyiaan its sucrose content.
Every ton of sugar has an energy potential equivalent to that of 1.2 barrels of
petroleum. Historically, sugar mills have been designed to meet their energy
requirements by burning bagasse: this was seen as an economic mearslo€ing
electricity whilst cheaply disposing of bagasse. The process of bagasse cogeneration
is sketched out in Figure below.

Figure2.7: Overview of Bagasse Cogeneration
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Pulp and Paper Industry

The Pulpand Paper industry converts fibrous raw materials into pulp, paper and
board. In a first step raw materials are processed into pulp and in a second step
paper and paper products are produced out of this piifferent plant categories
exist depending on tether they only produce pulp (pulp mills) for further
processing or only paper out of privased pulp and or recycled waste paper (paper
mills). The third category, thentegrated pulp and paper millcombinesthe two
processand is most common in the papadustry.

The Manufacturing Process

The process whereby timber is converted into paper involves six steps. The first four
convert the logs into a mass of cellulose fibres with some residual lignin using a
mixture of physical and chemical processes. pulp is then bleached to remove the
remaining lignin and finally spread out into smooth, pressed sheets (often with
chemicals added to provide particular properties such as colour or water resistance).
For some papers (e.g. cardboards and ‘brown papdr§ bleaching step is
unnecessary, but all white and coloured papers require bleaching.

(a) Wood preparation
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Wood is delivered to the mill in one of two ways: whole logs and sawmill chips
(residuals from sawmills). The logs have their bark removed, eitherdsgimy
through a drum debarker or by being treated in a hydraulic debarker. The hydraulic
debarker, which uses high pressure water jets, can handle large diameter logs. The
removed bark is a good fuel, and is normally burnt in a boiler for generating steam
After debarking, the logs are chipped by multi knife chippers into suitable sized
pieces, and are then screened to remove overlarge chips. The thickness of the chips
is the most important parameter, as this determines the speed and the
thoroughness of te impregnation of the cooking chemicals into the wood chip.
Neither debarking nor chipping are usually necessary for sawmill chips.

(b) Cooking

The "cooking process" is where the main part of the delignification takes place. Here
the chips are mixed with "wte liquor" (a solution of sodium hydroxide and sodium
sulphide), heated to increase the reaction rate and then disintegrated into fibres by
'blowing'’ - subjecting them to a sudden decrease in pressure. Typically some 150 kg
of NaOH and 50 kg of bare rguired per ton of dry wood. This process is, like any
chemical reaction, affected by time, temperature and concentration of chemical
reactants. Time and temperature can be traded off against each other to a certain
extent, but to achieve reasonable cookitigpes it is necessary to have temperatures

of about 150- 165°C, so pressure cookers are used.

There are two different cooking systems; batch and continuous. In batch cooking,
chips and white liquor are charged to a pressure vessel and are then heated wi
steam to a set temperature for a set time. When the correct delignification has been
achieved, the cook is "blown" (the pressure is suddenly released so that the cooked
chips disintegrate into fibres). In the continuous process, chips and white ligaor a
fed continuously to the top of a tall pressure vessel. The chips move down the
'digester' by gravity (as a plug) to be finally blown from the bottom of the vessel. The
cooking time cannot be varied in this case (it is set by the production rate) agd onl
the temperature and the chemical charge can be controlled. Many developments
have taken place during the last decade to improve the 'science’ of kraft pulping. The
challenge has been to remove as much of the lignin as possible with out degrading
the celulose and without losing too much yield. It is now well known that the
concentrations of NaOH, N& and dissolved lignin during the various phases of the
delignification are of crucial importance for the pulp strength. Generally speaking, it
is desirabled have a high sulphide concentration in the beginning of the cook, a low
lignin concentration in the liquid phase towards the end of the cook, and an even
alkali concentration during most parts of the cook. How to achieve this in practice
under conditionsof high temperature and high pressures has been a challenge, and
much development is still going on.

(c) Pulp washing

Because of the high amounts of chemicals used in the cooking wood in pulping, the
recovery of the chemicals is of crucial importance. Theg@ss where the chemicals
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are separated from the cooked pulp is called pulp washing. A good removal of
chemicals (inorganic and organic) is necessary for several reasons:

1 The dissolved chemicals interfere with the downstrepnocessingof the
pulp
The chenicals are expensive to replace

The chemicals (especially the dissolved lignin) are detrimental to the
environment There are many types of machinery used for pulp washing.

Most of them rely on displacing the dissolved solids (inorganic and organic)uip a p
mat by hot water, but some use pressing to squeeze out the chemicals with the
liquid. An old, but still common method is to use a drum, covered by a wire mesh,
which rotates in a diluted suspension of the fibres. The fibres form a mat on the
drum, andshowers of hot water are then sprayed onto the fibre mat.

(d) Pulp screening

Apart from fibres, the cooked pulp also contains partially uncooked fibre bundles
and knots. Modern cooking processes (together with good chip screening to achieve
consistent chip thikness) have good control over the delignification and produce
less "rejects". Knots and shives are removed by passing the pulp over pulp screens
equipped with fine holes or slots.

(e) Bleaching

Pulp produced by the kraft process is brown. This presents ablgm for certain

uses, e.g. for sack paper, most corrugated boxes, some bag paper etc. However, a
major proportion of the kraft pulp is used for white or coloured papers such as
writing and printing papers, andhitspulp needs to be bleached.

Bleachingnvolves removing virtually all of the lignin that still remains after cooking,
as the lignin contains the chromophoric groups which make the pulp dark. Strictly
speaking, bleaching and cooking are both delignification processes, and modern
developments haw tended to blur the difference between the two processes.
However, traditionally the name 'bleaching' is reserved for delignification that is
taking place downstream of the cooking process. In practice, there are two separate
"bleaching" process steps: ygen delignification and final bleaching.

(f) Paper making

Paper making is the process whereby pulp fibres are mechanically and chemically
treated, formed into a dilute suspension, spread over a mesh surface, the water
removed by suction, and the resulting pafl cellulose fibres pressed and dried to
form paper.

The mechanical treatment of the fibre normally takes place by passing it between
moving steel bars which are attached to revolving metal disics socalled refiners.

This treatment has two effectst shortens the fibre (fibre cutting) and it fibrillates
the fibre. The latter action increases the surface area, and as the fibres bond
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2.5

together in the paper sheet by hydrogen bonding, the increased surface area greatly
increases the bonding and strengththe paper. Paper strength is dependent on the
individual fibre strength and the strength of the bonds between the fibres. It is
usually the latter, which is the limiting factor. Refining increases the interfibre

bonding at the expense of the individu@re strength, but the net result will be an

increase in paper strength. Pressing and calendering (feeding through rollers)

increase density and promote smoothness.

Cogeneration in Paper Industry

Pulp and Paper production is highly energy intensive whk85% of the energy

requirement being used as process heamd 1525% as electric power. The

combination of this two energy requirements, qudeds paper production for the use

of cogeneration Iow pressure steam foprocess heat and high pressure steam fo

electricity generation)

In general, most of the energy is usedhe form of heat within the pulping process
(digester, evaporator and washing) when raw materials have to be cooked and

mechanically or chemically treated for further use in the productdmain. The

pulping process consumes absent a quarter of all primary energy required for paper

production.

Furthermore, paper making requires considerable amounts of energy in form of both

heat and electricity for pressing and drying of the paper and phezess generally
produce their own electric power with steantriven turbogeneratos. The waste
organic materials e.gvastewood & black liquaare converted to useful thermal

energy by burning these materials in industrial boilers to generate-pighsue
steam which is used to drivehe turbo-generators to produce electricity and

exhaust lowpressure steam. The remaining thermal energy in the-poessure

steam is used throughout the thto heat process, concentrate black liquor and dry
pulp & paperp2 RdzOG 4 d® ¢ KA &
air, hot water or chilled water allowing thaills tobetter balance their energy needs

and costs.

The process of above cogeneration is sketcbietdin the figure below:

Figure2.8: Overview of Cogeneration in Paper Mills
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Cogenerationthe combined geneation of steam and electricitys an efficient and
costeffective means to save energy and reduce lyggan. Cogeneration, or

combined heat and power (CHP), can result in primary fuel savings of 35% for a
typical system as a result of the increased efficiency of a CHP system, which may be

19



Study on Cogeneration Opportunities in Sugar and Paper Industries in SAARC Member States

as high as 85%, compared to separate generation of steam and pD&spite the
obvious advantages of cogeneration, it remains an untapped potential in most
countries, including SAARC member countries.

Cogeneration and, hence, additional income revenues from electricity sales to the
national grid may contribute substaatly to the economic viability of the sugar

sector. Several studies in India, and other parts of the world, point to the sugar
industry as a prime candidate for supplying {owst, honrconventional power via
cogeneration. The advantages of sugar mill cagation include relatively low
OFLIAGEFEE O2aid NBIdzZANSBSYSyia FyR (GKS dzaS 27
L2 € fdziAy3IE FdzSt d CdzNIKSNY2NBX (GKS ydzyo SNJ
to make a measurable contribution to local power suppliesa study conducted by

al KI NI AKUNFQa /2YYA&aA2ySNI 2F {dAlINE (K
AYLE SYSyid O023SySNIGA2Yy 6AGK LR 6SNI SELRNI
estimated at $567/kW; for the planned new mills, the incremental investnvess

estimated at only $320/kWMost studies estimate the total capital cost of new

sugar mill cogeneration projects at less than $9007kWhich is substantially lower

than that for new coafired power generation.

Cogeneration is a proven technology thsaves fuel resources, but it does not
necessarily imply any assurance of economic benefits. Irrespective of all its technical
merits, the adoption of cogeneration would principally depend on its economic
viability, which is very much sHgpecific. The egpment used in cogeneration
projects and their costs are fairly standard, but the same cannot be said about the
financial environment that varies considerably from one site and/or country to
another. The best way to assess the attractiveness of a cogeoerptoject is to
conduct a detailed financial analysis and compare the returns with the market rates
for investments in projects presenting similar risks.

Wellconceived cogeneration facilities should incorporate technical and economic
features that can b optimized to meet both heaind power demands of a specific
industry. A @mprehensive knowledge of the various energy requirements as well as
characteristics of the cogeneration plant is essential to derive an optimal solution. As
a first step, the compibility of the existing thermal system with the proposed
cogeneration facility should be determined. Important user characteristics which
need to be considered include electrical and thermal energy demand profiles,
prevalent costs of conventional utilige (fossil fuels, electricity) and physical
constraints of thecogeneration A factor that should not be overlooked at this stage

is the need for reliable energy supply as some industrial processes and commercial
entities are extremely sensitive to any digation of energy supply that may lead to
production losses.

1Advancing Cogeneration in the Indian Sugar Indusffiaree Mills in Tamil Nadu andMaharashtra,

U.S. Agency for International Development, Report Ne023May 1993

2Enasi vam, -Bt ppfiandmadst Political Chaos and Myopi
5, November/December 1995.
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To fully exploit the cogeneration installation throughout the year, potential
candidates for cogeneration should have the following characteristics:

i) adequate thermal energy needs, matching witle thlectrical demand;
i) reasonably high electrical load factor and/or annual operating hours;
iii) fairly constant and matching electrical and thermal energy demand profiles.

Cogeneration may be considered economical only if the different forms of energy
producedhave a higher value than the investment and operating costs incurred on
the cogeneration facility. In some cases, the revenue generated from the sale of
excess electricity and heat or the cost of availing stBpdconnection must be
included. More difficul to quantify are the indirect benefits that may accrue from
cogenerationsuch as avoidance of economic losses associated with the disruption in
grid power, and improvement in productivity and product quality.

Following are the major factors that need toe ltaken into consideration for
economic evaluation of a cogeneration project:

i) initial investment;

i) operating and maintenance costs;
iii) fuel price;

iv) price of energy purchased and sold.

Regardless of whether the cogeneration project is a totally new facilityretrafit

of an existing operation, the project will materialize only if it is financially attractive.
The sizing of the cogeneration system is sometimes carried out by financial analysis
in grid dependent cases where there is an option for importing elgtt instead of
selfgeneration of all the electricity. In such circumstances, the optimum size of
cogeneration would correspond to a system that has the minimum annual total cost
(or maximum annual net profit).

The best cogeneration system would be itged after the sensitivity analysis is
carried out to make sure whether the selected cogeneration system is still financially
attractive with possible variations in the values of some critical parameters. To
summarize, assessment of the feasibility ot@generation project involves four
distinct steps, as follows:

i) Analysis of the energy demand pattern (electricity, thermal energy);

i) ldentification of the different technical options (considering technical
constraints, equipment availability, space consitsj etc;

i) Optimization of each technical option (overall efficiency, part load
performance);

iv) Financial analysis for selecting the best option (payback period, internal rate
of return).

2.6 Environmental Benefits CDM

Bagassdased energy is totally renewabénd does not involve mining, extraction
and longdistance transportation expenses of fossil fuel. It is regarded as a clean fuel
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with respect to the environment. As a biomass, bagasse supplies raw material for the
production of natural, clean and renewabémergy, reducing needs for and use of
fossil fuels. Bagasse is a waste product that needs to be disposed of in twa; ways
either by combustion or decomposition (composting). Both of them would release,
asCQ, the carbon contained in bagasse. Very liftieash and almost no sulphur are
produced during the combustion process.

In other words, the environmental advantages of bagasse cogeneration are lower
emission of particles, G@nd other green house gases (GHGs) compared to carbon
intensive fossil fuel, as well as lower emission as against that during composting.
Besides, if the bagasse was to be composted, it would also release methane, a GHG
which is 27 times more potent than g®

If the surplus energy is supplied to the national giidvould subsitute fossil fuel
burned in conventional thermoelectric plants. The reduction of emissions is
estimated to be abouf.55 tons of COequivalent per ton of used bgassé. Such
reductions in greenhouse gas emissions qualify for carbon credits if they toomsti
GFERRAGAZYIfAGEE O600GKS NBRAZOGAZ2Yy &Kz2dZ R SEC
absence of the activity), and could be used for obtaining CER credits within the terms
of the Clean Development Mechanisr€DM egablished by the Kyoto Protocol

The extent of emission reduction and associated carbon credits differ substantially
across the projects depending on the size and efficiency of power plants, captive
consumption of sugar mills, amount of replaced electricity generated by
thermoelectric plans, etc.

So far, the cumulative capacity of renewable energy systems such as bagasse
cogeneration in India is far below their theoretical potential despite government
subsidy programmes. One of the major barriers is the high investment cost of these
systens.

The CDM provides industrialized countries with an incentive to invest in emission
reduction projects in developing countries to achieve a reduction ipe@@ssions at
lowest cost that also promotes sustainable development in the host country.
Bagassecogeneration projects could be of interest under the CDM because they
directly displace greenhouse gas emissions while contributing to sustainable rural
development.

Estimates in Indfandicate that there is a vast theoretical potential of Gfltigation
by the use of bagasse for power generation through cogeneration process in India.

3Bagasse CogeneratigriGlobal Review and Potential. WADE, June 2004
4 Sugarcandased BieethanotEnergy for sustainable DevelopmeBNDES, Rio de Janerio, November 2008

5 For more details see MECAS(04)04

SPallav Puroh& and Axel Michaelowa CDM Potential of Bagasse Cogeneration in India, Research Programme on
International Climate Policy, Hamburg Instituté laternational Economics, Neuer Jungfernstieg 220847 Hamburg,
Germany,
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The preliminary results indicate that the annual gross potential availability of
bagasse in India is more than 67 million tons (MT). The potential of electricity
generationthrough bagasse cogeneration in India is estimated to be around 34 TWh
i.e. about 5575 MW in terms of the plant capacity. The annual CER potential of
bagasse cogeneration in India could theoretically reach 28 MT. Under more realistic
assumptions about difision of bagasse cogeneration based on past experiences
with the governmenrun programmes, annual CER volumes by 2012 could reagch 20
26 million. The projections based on the past diffusion trend indicate that in India,
even with highly favorable assumetis, the dissemination of bagasse cogeneration
for power generation is not likely to reach its maximum estimated potential in
another 20 years. CDM could help to achieve the maximum utilization potential
more rapidly as compared to the current diffusiorend if supportive policies are
introduced.
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3.1.1

PART B: SUGAR INDBST
Bangladesh

Industry Structure

In Bangladeshl5 (fifteen) sugar mills wned by governmenitare controlled and
managed by 'Bangladesh Sugar and Food Industries Corporation (BSFIC)'. The main
products of thesemills are sugar, spirit/alcohol drinks and spangarts while
molas®s and bagasse are important-pyoducts. Total cane crushing capacity of the
operating sugar mills is 21,044ns per day (TCD) and annual total sugar production
capacity is 2,10,440tons. This capacity is estimated considering 125 effective
crushing days and ® sugar recovery from canét requires approximately 2.50
million tons of sugarcane per annum for the full capacity utilization of the sugar
mills. Annual average gar production during the last 37 years was 1,46,68/3

with an average(weightédsugar recovery rate of 7.60%.

Sugarcane is one of the main dependable cash crop in the low rainfall belt of the
north-west and southwest parts of Bangladesh. Based on sugae, the sugar and
WIdzZNR AYRdzaGONRASAa 2F . Iy3afl RSaAK KI@gS RS@St
At present, 7.3 million ton sugarcane is produced from 0.18 million hectares (roughly

0.1 million hectares in sugar mill zones and 0.08 million hectares irmilbzones

for gur production) of land per year. The yield of sugarcane is 40.52 tons/hectare (46
tons/hectare in sugar mill areas and 36 tons/hectare in gur areas). To meet the
demand of sugar and gur, 11.1 million tons of sugarcane requires to be produced per

year.

The BSFIGugar mills have capability of daily sugar cane crushing ranging from 300
tons to 2,000 tons. These mills are scattered thought the country but the main
cogeneration is in the Northwest part of the country. Generally, a 1500 tons per day
crushingmill requires from 50 to 70 metric ton/ hour of steam and the power
demand ranges from 1.2 to 1.9 MW. Each mill has several boilers which use bagasse
as the main fuel and either liquid fuel or gas for ignition. The age of these boilers
varies from 16 to 8 years old. This implies that several boilers should be replaced in
the very near future. Each of the milles several electrical generators and these
range in size from 0.9 to 1.5 MW. The average age of these is 25 years and this also
indicates that sora of the generators should be replaced in the near future.

Usually during the crushing season, the mills produce steam that is used to make the
electrical generators run and supply process steam. During the off crushing season,
the mills import their mininal power requirements from the grid at a supply voltage

of 415 V.Table 3.1shows name of the sugar mills with year of installation and
crushing capacity (ton/day) anigure 3.1 shows the location of the Sugar Mills in
Bangladesh.
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Table3.1: Sugar Mills with year of installation & crushing capacity (ton/day)

Name of sugar Year of Crushing capacity
mills Installation (ton/day)
North Bengal 1933 1500
Setabgonj 1933 1250
Carew & Co. 1938 1150
Rangpur 1958 1500
Thakurgaon 1959 1524
Zealbangla 1959 1016
Joypurhat 1963 2023
Rajshahi 1966 2000
Kushtia 1966 1524
Mobarakgon] 1966 1500
Shampur 1668 1016
Panchagar 1970 1016
Faridpur 1977 1016
Nator 1985 1500
Pabna 1997 1500
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Figure3.1: SugamMills of Bangladesh under BSFIC

]

P o INDIA o L
w il ” ey BANGLADESH 64 DISTRICT
B e B W {Location of the Sugar Mill under BSFIC)
oo Ay b A INDIA
! TR a SEAR e
¢l z, A > gl Legend
Thakurgann F Aoy ll.‘ International Boundary -
3 y > &
g K" E e Capital = Rivers
< S Dl w ) '-;‘-';:"' : District Boundary
- n! d Rangowr ' Sugar Mill wl
- _ YN o) ,i
- a4 O | N D | A (MEGHALAYA
Z :7 \\' . KN =

E
Jatput g
E
J

' 1 [ \ < “_v
M\ N0 \ | marmgani : Sylhet ' ’
b X kb | Netrakona = )
f J i \
y Bogra O AT j INDIA
Niawnbgan| . | T
€55 | Mymarirgh ) / (ASSAM
o A y 3 /
\ ) = &
. Rajshaly { {f y = ‘«\\Y“- { )
~ Sirajgary W/ L &5 N !
N : Kishare Lan| 5 3 o e
— - Niliwe | Targadl 0 B Y v -~
)

; [ Ui,
¥ [ N\ o Y,
o &
o= g Rushiy Vahg. Sa
P | =, - ¥ \
PN HAX .
(o Raxt e
< g “GuE . *E [ Nageangan) IND I A O
4 NJ- = ] d : ) (TRIPLIRA b
e xy 3 P % < \ » \
€ “E e'\\ﬂ \ Fandpar Ny 15 y
ol S0 r 4 Comella ) \ .
= '} ¢ 2 Magiya 3 F { ) _ >
- \ A . B 8
o 2 > 19 Chandpur f £ 2 8o
- B 2 -
Narail v z X <
- B, . 3 y ) 2 RN
s C
& ¥ : R asisd £ 3
= J s L Gl whal Y
. & \la.ln.- | \ =
- Satkhira = = 5
‘ Hagnel B TF g
! { / .Y' g £ hiaaong
S (s v -
8 1
\ A Pasirghd |
\ 11
\ ‘v \ “s,
b ell ";\-_
({ 'p o &
), | ¢
Al Rt "
1 S (
S .
| \ ~
" oy Bilyar
|
\ 4 i )
BAY OF BENGAL | ¥

EP N ¥

q 9 \
ULl )Y T \

AVIWNVAW

3.1.2 Current Cogeneration Situation

In the sugar mills, juice is extracted from sugar cane by crushing it. Imbibition is done
during crushing to ensure proper extraction of sucrose present in the suga. ca
The juice obtained by crushing the cane contains some dissolved sudidding
sucrose. This juice is heated to evaporate the water of the mixture such that it
becomes supersaturated by sucrose. Due to chemical stability of the sucrose mixed
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in the uice, the mixture is heated not me than 110C during the procesdt is a
convention that juice is heated by low pressure steam. The steam needed in this
process is produced in a boiler by burning the bagasse, which is the portion of the
sugar cane lefafter crushing. The burning temperature in the furnace of the boiler is
about 1000C. Production of steam at higher temperature and pressure is
thermodynamically essential for better system efficienoypower generation But
steam requirel for sugar prodation process is at low temperature arptessure.
Therefore, for the ake of efficiency, the sugar production process always works on
CHP (combined heat and power) production process called cogeneration system.

In Bangladeshdue to the seasonal availalyli of the sugar cane, the sugar
production lasts for few months in a year. Normally, on an averédgs about 3
(three) months and for rest 9(nine) months of the yearsugar mills remain closed
and some maintenance works are conducted.

During the crusimg season, sugar mills collect sugar cane from the farmers from the
adjacent areaof the sugar mill. The amount of sugar cane that a mill can normally
collect is onlyabout 25%30% of the sugar cane growmear the mill area. The
remaining portion of thesugar cane is used for the production of gur. The collected
sugar cane is crushed in the mill and juice is extracted. During extraction some extra
water is added for the proper extraction (called imbibition) as mentioned in the
previous section. The averaglissolved solid particle in the juice thus found is about
11% and it varies a little from mill to mill in Bangladesh. This juice thus collected is
used for the production of sugar.

During sugar productigrsteam used are either at low pressure (belowhis) or at
medium pressure (20 to 30 bar). This low pressure steam is initially used in the back
pressure turbine for power production and the exhaust steam from it is used for
process heating necessary for sugar production. The power thus produced ibyused
the sugar mill for its own consumption. Since the sugar mills of Bangladesh are very
old and due to some otheeason, thecost of sugar production is tremendously high
because of higher steam consumption. For example, the steam consumption in sugar
mill of Bangladesh is as high as@®0 on cane (i.e. mass of steam as a percentage
of the mass of cane processed) compared to as low &85860 in India and 40% in
modern sugar mills.

But in the modern sugar mill, steam is produced at high pressure (40 ba§O0lt is

well known that the higher the pressure and temperature of the boiler, the better
the thermodynamic efficiency. In the modern sugar mills, steam with high
temperature and pressure is used for power production and the exhaust steam from
the bad pressure turbine is used for sugar production. The power thus produced is
sufficient enough to serve its own use as well as for the supply to the nation grid.
Therefore, in the modern sugar mills power and sugar are simultaneously produced
with higher eficiency and such mills operate as profit generating industries.

In the sugar mill of Bangladesh, the fuel used in the boiler for generating steam i
bagasse, which is a {pyoduct of their sugar cane as mentioned earlier. The scenario
of the amount of bgasse thus produced and the amount of bagasse needed for their
own sugar production is such that when the sugar production is less, the amount of
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bagasse is less than the amount they actually needed. In that case it is observed that
some sugar mills colledbagasse from other mills. When the amount of sugar
production is high, the sugar mill can have some excess bagasse. But this excess
bagasse is not that much to be used for rest of the year for steam production.
Normally modern mills have bagasse dryiagility, which increases boiler efficiency

but it is not practiced in Bangladesh.

The sugar cane season normally does not last more thafth@@e) months in
Bangladesh. In some very special case it is extengetb 5 (five) months in some
sugar mills. Térefore, in general, the sugar mills of Bangladesh cannot be run using
its own bagasse as a fuel beyond its own capacity of sugar production. In other
words, during the crushing season it cannot produce more amount of steam for the
extra power generationlf new boiler is procured for generating steam at higher
pressure and temperature, only then it may produce some extra power for national
grid during crushing season.

Bagasse is the primary source fakl which is burnt in boiler furnace to generate
steam which in turn is used to drive steam turbine generators for electricity
generation required for motor drives, driving mill drive turbines and for meeting
process steam needés most sugar mills have similar configurations, one of them is
described here vih more details flow diagram is shownn Figurg. The mill has
three water tube boilers, each with a steam generating capacity of 16 ton/hr. The
pressure and temperature of the steam are 15 kgfand 246°Gespectively. One
steam turbine generator is novally operated during milling season to meet the
entire electric demand. One standby diesel generator is also available and run
during emergency. Electricity is purchased from Bangladesh Power Development
Board (BPDB) as required during cleaning daysdanidg offseason. There are also
two crusher drive steam turbines, each of 580 HP capacity and two steam turbine
generators, each of 1 MW capacity. About 30 tons/hour of steam is produced in the
boiler that has an average efficiency of 56 per cent. Kigissure steam is mainly
used for steam turbine generator and crusher drive turbines.

An automatic pressure reduction valve reduces steam from 18kgj/pressure to
3kglen? that is mainly used in centrifugals for purging molasses and
washing/cleaning heats, evaporators and pans, etc. Turbine exhaust steam is used
in processing juice, i.e mainly heating purposes. Another automatic stednctien

valve reduces 3 kg/cfrsteam to 1 kgén¥ to supply make up steam. Totally 80 per
cent of the condensate is rewered and about 20 per cent make up water is needed
for the boiler.Steamused in heating air of 6 forced air supply units of sugar dayer
being operated with an open bypass valve of traps causing live steam discharge to
drains.
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Figure3.2: Steamand Condensaté-low Diagram
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Though all sugar mills have cogeneration facilities, they operate only
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season, i.e. 150 days per year. If they can be operated durirgeaffon byapplying
balancing, modernization, rehabilitation & expansi(BMRE)programme more
power could begeneratedwhich can alleviate the power shortage in the country.

3.1.3 Cogeneration Potential

Recently Mechanical Engineering Department of thgangladesh Unersity of

Engineering and Technology (BUET) conductie@sibility study on cogeneration in
sugar millsn Bangladesh under Bangladesh Sugar and Food Industries Corporation
(BSFIC), a sector Corporation under the Ministry of Industries.

BUET selected Bvsugar mills out of fifteen for theaidfeasibility study based on the
capacity of the sugar mills, location, road, railways and river connectivity, electric
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power grid connectivity and availability of fuel.

The selected five sugar mills are

i) North Bengl Sugar Mills (NBSM)

i) Rajshahi Sugar Mills (RISM)

iii) Joypurhatypurhat Sugar Mills (JSM)

iv) Mubarakganj Sugar Mills (MKSM)

v) Shampur Sugar Mills (SHSM)

Comparison ofmportant equipment of the above 5 (fiveugar mills argresented
in the Table: 3.2 to 3.4 afteéhe descriptions of theemills and their locations

North Bengal Sugar Mills

It is situated at Gopalpur in Lalpur upozilla of Natore district. This sugar mill was
established in 1933 by private entrepreneurs and is one of the oldest sugar mills that
is sill operating in the country. Machinery and equipment of the sugar mills were
supplied by M/S. Faweet Presten of UK.

Figure3.3: Map of Natore district showing théocation of North Bengal Sugar Milhe mill
isabout 10 km fran the NatoreDhaka highway
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Figure3.3: Map of Natore district showing the location of North Bengal Sugar Mill
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Rajshahi Sugar Mills

It issituated at Harian near Rajshahi Town. It wasugeby the Government in 1962

65 at a cost of Tk.23.35 million with an initial cane crushing capacity of 1016 M.Tons
per day. Machinery and equipment of the sugar mill were supgied/l/S. Mirrles

and Watson of W. The sugar mill started trial production196566.

Figure3.4: Map of Rajshahi district showing the location of Rajshahi SugasThll
mill is about 5km fom the Rajshahi Dhaka highy.
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Figure3.4: Map of Rajshahi district showing the location of Rajshahi Sugar Mill
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Joypurhat Sugar Mills

It is located at heart of Jpurhat district. It was set up by the Government in 1963 at

a cost of Tk.23.50 million. The sugar mill started trial production in -B365ince
independence of Bangladesthe sugar mill has produced 14,227 M.Tons of Sugar
per annum on average at an average sugar recovery rate of 7.58% from sugarcane.
Highest sugar production was 22,735 M.Tons in 1837
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Figure3.5: Map of Joypurha district indicating the pogion of Joypurha Sugar Mills
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Mobarakgonj Sugavlill

It is situated at Naldanga under Khaliganj Upazilla of Jhenaidah Distrietadet

up by the Governmenin 1968 at a cost of Tk.35.09 million. Machinery & equipment
of the sugar mill were supplied by M/S Stéerks poor of Holand.The sugar mill
started trial production in 196568.

Figure3.6: Map of Jhenaidah district showing the location of Mobarakgang Sugar
Mill which is around 1.5 km fro the Mobarakganj Railway Station
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Figure3.6: Map of Jhenaidah district showing the location of Mobarakgang Sugar Mill
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Shampu Sugar Mill

It is situated at Shampur under Bodorganj Upazilla of Rangpur Districtasdet up

by the Government in 1968. Machinery and equipment of the sugar mills were

supplied by Mitsubishi Heavy Industries of Japan.
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Figure3.7: Map of Rangpur district showing the location of Shampur Sugar Th#
broad giage railway line connecting Rangpur to Parbotipur runs right by the side of
the sugar mill.

Figure3.7: Map of Rangpur district showing the location of Shampur Sugar Mill
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Table3.2: Comparison of Generators and Transfornsdor the selected Sugar Mills

Generator
Transformer
) Steam Diesel
Mill
Capacity  Yearof Capacity Year of Capacity Year of
(KW) installation (kW) installation (kVA) installation
1000 1982 324 1954 500 Not Available
NBSM
1000 1982 192 1968 500 Not Available
1500 1991
250 1987
RJSM 1000 1964 500 Not Available
1000 1964 150 1964
1000 1962 360 1998 250 1983
JSM 1000 1962
240 1966 250 1983
1500 1966
1000 1965  185kvA  Not
Available
MKSM 500 Not Available
1000 1965  400kva . Mot
Available
Not .
1000 1967 200 . 200 Not Available
Available
SHSM
Not .
1000 1967 100 . 200 Not Available
Available

Source: BUET Study
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Table3.3:Comparison of Boilers for the selected Sugar Mills

Mill Capacity (Tontr) Year of
| Rated Current installation
30 26 M 1987
NBSM 125x 4 X4 M 1933
40 38 M 2002
toxa | owsea Mo inle
RJSM 0. 4:
30 30 1991
No. 1-3: 196162
ISV 16x4 13x4 No. 4: 1966
16 x3 16 x3 1965
MKSM
30 30 1987
SHSM 15x 3 10-12 M x 3 1965

Source: BUET Study

Table3.4: Comparison ofTurbinesfor the selected Sugaklills

Mill Rated Capacity inztgﬁ;t?(:n
NBSM 1500 HP 1982
RISM 1500 kW 1991

2 x 1000 kW 196566

JSM 1x1.5MwW

2 x1 MW 1908

MKSM 1 MW 1965
1 MW 1965

SHSM 2x 1MW 1965

Source: BUET Study
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In the saidstudy,cogenerationpotential has been analyzed consideripgysical and
thermodynamicaspectsof equipment, amountof power generation for the plant
itself as well asupplying to the national grid along with the phaction of sugar
from sugarcane as well as raw sugarthe basis of partial cogeneration (3 months)
and complete cogeneration scheme (12 months).

The result of the analysis is presentedhe Tabk 3.5below.

Tabk 3.5: Results of analsis for different options with oal as the fuel

Crushing  Non-Crushing
Name of the mills Items Period Period
(3 months) (9 months)

North Bengal Power Generation Plant 1.0 0.0
Sugar Mis :
(NBSM) (MW) Grid 6.2 10.8
Rajshahi Sugar = Power Generation Plant 2.0 0.0
Mills (RISM) (MW) Grid 6.3 11.8
Joypurhat Sugar = Power Generation Plant 1.0 0.0
Mills (JSM) (MW) Grid 2.9 7.1
Mobarakganj Power Generation Plant 1.0 0.0
Sugar Mills :
(MKS/) (MW) Grid 45 8.7
Sampur Sugar Power Generation Plant 1.0 0.0
Mills (SHSM) (MW) Grid 2.3 5.4

Total Grid 22.2 43.8

Source:Compiled fromBUET Study

As per aother study on potential for cogenerationin Bangladseh conductedin
2001y Canada Bangladesh Infrastructure Consultamtder CIDAfor I[IFC,most
sugar mills in Bangladesh have some form of cogeneration and estimated that the 15
mills have some 4MMW power from cogeneration to meet their own power
requirements during the cane crushing seas@y. replacing the equipment, in order

to make full use of all the bagasse available for power generation, it was estimated
that an additional 100 MW could be generated and sold directly to the &rodm
BUET taidy it isalso noted that individuasugar millscan produce an average of 10
MW additional power for national grid.

Another study, carried out earlier liype Bangladesh Centre for Advanced Studies
(BCAS)othe potential of cogeneration in the sugar sectooncludel that with the
bagasse availablpower generationcould achievan excess of 100 MW for all the
sugar mills. Thismmaybe achieved with a average installation of 10 M\at individual
sugar mills.

Most sugar factories have lepressure (15 bar) boilers. Bystalling highpressure
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3.1.4

3.1.5

3.1.6

boilers, these can produce more power efficiently. The choice débpressure of
64 kg/ cn? and above appears inevitable for mills intending to sell power to the
national grid. Typically, a wellesigned 2,500 tons crushed/dajapt can sell 10 MW

of power to national grid.

Institutional Facilitators

The Bangladesh Government is very keen to develop the cogeneration potential in
the country. The following institutions support the development of the sector
through its administréive or financing roles:

1. Sustainablend Renewabl&nergy Development AgencyREDA)
2. Infrastructure Development Company Ltd (IDCOL)
3. IPFF and BIFFL (for financing)

Government Initiatives and Legal Frameworks

In order to give impetus to renewable energy, tli&vernment of Bangladesh
published the Renewable Energy Policy of Bangladesh in the 2008. The policy
provides for:

1 Establishment of SEDA
Investment and fiscal incentives
Preparing projects for accessing CDM funds

1
1
1 Utilise PPP for developing renewable emeprojecs

1 Scaling up contributions of renewable energyboth electricity and heat
energy

Barriers and Constraints

This section provides a brief overview of the barriers and constraints related to
cogeneration development. In Bangladesh industrial/comerer cogeneration
could be developed considering the following points:

() An industrial/lcommercial installation that requires electricity and
steam/heat but currently does not use cogeneration.

(i) An industrial/commercial installation that requires electricitynda
steam/heat but currently only uses cogeneration to produce part of its
internal requirements for these commodities.

(i) An industrial/commercial installation that uses cogeneration to produce
some or all of its requirements for electricity and steam/heat bi@es so
using equipment that has reached the end of its life and needs to be
replaced.

(iv)An industrial/commercial installation that would like to sell excess
electricity and steam/heat produced via its cogeneration facilities in order
to achieve sufficienteturn on its investment.
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The barriers confronting the development of economic cogeneration can be
classified intofollowing four main categories e.g market, institutional, regulatory
and other barries:

Market Barriers

(a) Price of electricity

Market pricing mechanisms in cogeneration are not available. Thus there is
uncertainty on the market prices with which cogeneration will have to compete.
Price setting by a major player could preclude cogenerators from entering the
market if they envisaged selling todlgrid. Public power generating entities could
offer heavily discounted rates to large consumers to ensure that they retain them
as consumers and keep their load base.

(b) Cost of generation technology

With the advancemenin cogeneration technology that reduin lower cost per

unit of power produced and/or increased efficiency, the cost remains high for
some applications. Future efficiency improvements can result in lower costs per
kWh of electricity that is generatedt is expectedhat this barrier will bereduced

if the market demand for cogeneration technology increases in the future. This
increased demand will lead to further investments in R&D and larger, more
efficient production facilities which, in turn, would lead to higher operating
efficiencies ad lower cost for the equipmentGovernment can reduce costs
through tax or other policies and an example has already been set in Bangladesh
for IPPs.

Institutional Barriers

(a) Management involvement

The barriers can basically be divided into following thrategories:
() longterm commitments,
(i) competition for limited funds, and
(iii) attitudes of senior management

It is noted thatthe managemenbf potential large consumers of many of the most
attractive cogeneration sites with a sufficiently high steam and elattritiemand

will be reluctant to make the lonterm commitment required to construct a
cogeneration plat This reluctance could become an issue as the electricity market
opens up and the future price of electricity is unknowie management used to
compae the return/payback period of potential cogeneration facilities against
other potential capital projects. Other projects may have higher potential returns
and a faster payback period compared to the cogeneration facility.

Related to the first two barriey are attitudes ofmanagementof the most
attractive potential cogeneration sites. These attitudes are based on the fact that
power supply is not part of their core business. However, in cases where managers
are concerned about the reliability and qualiof power supply from the grid,
those factors would be mitigated.
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(b) Government Ownership

Most of the industrial facilities in Bangladesh are owned by the government. Due
to constraints on the availability of investment capitalany government®wned
facilities are unable to obtain funding to improve their efficiency or energy
utilization via cogeneration.

(c) Lack of Information

Although not a new technology, there is generally a lack of information,
understanding and confidence in cogeneration technologies bloyhpotential
users as well as investors. This barrier results in the need by both potential
customers and investors to spend time and cost to qualify themselves about this
technology.

Information costs may be one of the most important institutional bassiand lack
of information, understanding and confidence are effectively relate to information
costs.

(d) Transmission Access

The design of any cogeneration installation is very specific to the characteristics of
the site: the size of the electricity load, ghsize of the heat load, and the time
patterns of their usage (the load durations). In many cases, a cogeneration facility
which can meet the heat load efficiently will produce more electricity than the
steam host requires. For the cogeneration applicatitan maximize value, and
perhaps even to be economic, it requires access to the electricity market for the
surplus power. Access to the market will be provided in the coming competitive
environment. However, there remains uncertainty as to the rules andlegipns

that will apply to such access.

Reqgulatory Barriers

Some of the regulatory issues concern fulfilling of technical requirements, licensing

F NN} yasSySydas oAftAdle (2 aGaoKSSté¢ O6ADPSOD
heat directly to energyonsumers, not through utilities), etc. While the principle of
authorization sounds reasonable, procedures can be bureaucratic, complex and time
consuming, thus perceived as a disincentive for potential cogenerators with little

experience in the power seat.

As a relatively low emission technology, it will be important to ensure that
potential cogeneration projects are reviewed efficiently and promptly

The environmental authorities should set procedures for three categories of
projects:

() those that requirean individual environmental assessment;
(i) those that would require a screening process; and

(i) thosethat would not require approval under the existing environmental
regulations
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3.1.7

3.1.8

In order to make cogeneration attractive to potential investors, the fiscal
incertives should be extended to the potential investors and where possible
improved.

Other Barriers

Other barriers include the lack of skilled manpower and management. In most cases,
both the electric utilities as well as the industrial plants lack skilled poaer and
managers to handle the specific task of heat and power production.

Cost Benefit Analysis

In thissection, analysibas beerpresented to determine the financiaiability of the
selected typical cogeneration applications in Bangladesised on ts . | 9¢ Q&
feasibility study reporas mentiored above(3.1.3)

In the BUEEtudy, theimpacts of different options on the investment, production of
sugar and generation of electrical energire financially analyzed. Note that for
running the cogenerationhroughout the year, the bagasse obtained from cane
crashing are not enough. So, for the additional fuels coal, gas and furnace oil have
been considered. This financial analysis presents the detailed results obtained with
the coal as additional fuel.

The ptal Power generation capacity of each of the five sugar mase also
evaluated consideringthe power generation capacity during ushing and non
crushing period.The sugar production capacity due to eogration as well as to the
raw sugar process ofaeh of the five sugar millwas alsoevaluated. Theannual
amount of energy that is expected to be supplied to the grid is also calculated by
considering the scheduled maintenance and forced outages of the generating units.

From the study it was estimadiethat these five sugar mills can contribute arous@l

MW of electric energy to the national grid. The annual profit was also calculated
considering revenue, investment and productions cost antbtal it was Tk. 1,268
crorei.e US$ B28millionannually.

This cogeneration applications will not only earn profjitdelling sugar and energy
but also contributeto the mitigation of energy crisis of the nation.

Recommendation

As the sugar malin Bangladeslare normally operated only in the season tinfg50
days) to run the mill throughout the year as a cogeneration system, followiegsst
could be taken by the mill authorits

A Some extra power can be generated for the national grid by using back
pressure turbine and also by using condenser turbine whereaekoiler
capacity is availableMost of the sugar millsn Bangladesiave some extra
boiler capacity.

A In addition to the bagassethe fuel burning system can be modified for
continuous burning with coal with indigenous coal supply fromthe
Baropukuria oal mine or imported frommeighbouringcountries Duringthe
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crushing seasqgrthe boiler would be fired on bagasse amliring the off
season possible akrnate fuels e.g. peat, coal omatural gascan be
considered

Energy Ministry with the concerned etiéis responsible for the development of
SugarSectormay establish @o-ordinating committeewith a view ta

a) emphasis on use of cogeneration
b) promoting cogeneration technology

c) time to time discussion with regulatory authorities with policy, tariff, etc. for
favour the growth of cogeneration

d) organize training workshop/seminars for exchanging experiences and
information amongother potential industries and SAARC memisggion
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3.2 India

India has been known as the home of sugar and sugarcane. Indian mythology
supports the above fact as it contains legends showing the origin of sugarcane. India
is the second largest producer of sugarcane next to Brazil. Presently, about 4 million
hectares of land is under sugarcane with an average yield tfr&per hectare’

Figure2.1: Combined Cycle Topping Systard Figure3.9: Showing location odugar
Mills of IndiaState WiseSugarcaneProductiod | YR & [ 2 OF G Aédny 2 F {
India resgctively.

Figure3.8: Showing state wise sugarcane production in India
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3.21

Figure3.9: Showing location oBugar Millsof India
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In India, about 60% of the na produced goes into making refined (centrifugal)
sugar, while the remaining 40% is used by the sswlle industry to produce gur
and khandsari- traditional forms of sugar made from an open pan process at
atmospheric pressure. In 198®, the country produced 222,628,000 tons of
sugarcane from 3,405,000 hectares under cultivation or 65,383 kg/hectare. The
northern state of Uttar Pradesh is the leading producer of cane, accounting for over
97 million tons or 44.6% of the total. Maharashtra and TamilWNage the second

and third ranking sugarcane producers, with 34,008,000 tons or 13.5% of total and
21,918,000 tons or 11.2% of total, respectively. Bagasse, the fibrous residue of the
sugarcane used for raising steam in boilers, accounts for approxiniz@étyof the

cane weight. Sugar mills are privately owned, publicly owned, and owned by
cooperatives. Of the 491 licensed sugar factories, 288 are in the cooperative sector,
accounting for 59% of the factories installed and 62.4% of the national output of
sugar. Most of the remaining mills are in private hands.

The size of sugar mills in India is small by international standards. Average mill size is
under 2,000 tons crushed per day. Since 1987, however, a minimum @&s8@er

day standard has been imposddr new mills, and incentives have been created to
encourage expansion to up to 5,0@06ns per day Estimates of the potential for
cogeneration from the sugar industry vary widely. The ESMAP study on Maharashtra
identified 13 mills with a current or expdmg capacity of 3,50ns per day

Industry Structure

The Indian sugar industry uses sugarcdone production of sugar and hence
maximum number of the companies is likely to be found in the sugarcane growing
states of India including Uttar Pradesh, Mahshtra, Gujarat, Tamil Nadu,
Karnataka, and Andhra Pradesh. Uttar Pradesh alone accounts for 24% of the overall
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3.2.2

sugar production in the nation and Maharashtra's contribution can be totaled to
20%.

The sugar industry can be divided into two sectors indgdobrganized and
unorganized sector. Sugar factories belong to the organized sector and those who
produce traditional sweeteners fall into unorganized sector. Gur and khandsari are
the traditional forms of sweeteners.
Several steps are usually followedpmduce sugar. These stepee:

1 Extracting juice by pressing sugarcane

1 Boiling the juice to obtain crystals

1 Creating raw sugar by spinning crystals in extractors

1

Taking raw sugar to a refinery for the process of filtering and washing to
discard remainingon-sugar elements and hue

1 Crystallizing and drying sugar
1 Packaging the ready sugar

LYRAIFI Aa GKS ¢g2NIXIRQa fFNBSadG &adzaAl NI O2y A dzy

terms of sugarproduction The growth of sugar factories along with the sugar
industry segments depicts the sugar industry scenario in India.

Growing population coupled with rising income is providing impetus to the growth in

0KS O2dzy iNB Q& &adaAl N O2yadzYLIWiA2yX o0SySTAlL:

g2NI RQa &S 02 yed colintry\E@esentindg #auitaf7.B1% of the global
population. Aggressive growth in the food and beverage industries will lead to the
increasing demand for sugar. High sugar content in confectionaries, including
chocolates, pastries and i#eams, wildrive the domestic demand for sugar.

By-products, such as ethanol and power via cogeneration provides cross functional
and cross business opportunities. Growing pharmaceutical market and low per
capita sugar consumption in India provide opportunitiestfe players to capitalize
upon. Oversupply situation coupled with higher cane prices results in declining profit
margin for the players in the sugar industry. Cyclical nature of the crop results in
volatility in sugar production leading to high cane arsearhe present pricing policy

is highly government regulated resulting in limited bargaining power of the sugar
millers.

Current Cogeneration Situation

In January 2012, the installed capacity of renewable power generatibmdiawas

23 GW, which is equalent to nearly 12% of total power capacity (MNRE, 2012; CEA,
2012). Bagasse cogeneration contributes 9% capacity represented by 2 GW. The
LINAY OALI £ FdzSt dzaSR G2 N}XYAasS aadSry Ay
fibrous waste that remains afteecovery of sugar juice via crushing and extraction.
The fiber content of sugar cane varies somewhat but averages about 15% on cane,
which is equivalent to approximately 30% by weight of the cane on an@ilbasis
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(48-52%%. The gross heating value oflhwet bagasse is approximatedg00 kcal/kg
(4100 Btu/lb)t one ton of bagasse is equal to about two barrels of oil on an energy
basis.

Industrial cogeneration has been the subject of considerable interest and inquiry in
India forover a decade. The nmaarguments for cogeneration in India have centered
on two compelling needs: i) to augment supply of power inexpensively in a regime of
endemic power shortages, and ii) to promote energy conversion efficiency and
thereby conserve scarce fossil fuels. Imeast words, the debate, until now, has
centered on the use of cogeneration to ensure reliable, continuous delivery of cost
effective power and toeduce dependencen fossil fuels.

To date,cogenerationin India has been restricted to the produatiof electrical
energy for ownuse or "captive power" and has been viewed as a way to meet
simultaneousonsite heatand power demands independently of the grid. Industries
such as sugar, pulp and paper, and textiles have been "cogenerating” electricity and
steam br many years. The location of these industries in regions removed from the
grid (e.g., sugar mills angaper plant3, the availability of byroduct fuels (e.g.,
bagasse and black liquor), and teeam requirementf the industrial process all
combine b favor cogeneration.

Depending on the technology deployed, and the corresponding efficiency, abeut 75
90% of the bagasse available at Indian mills is used to produce internal steam and
electricity; the balance is considered surplus and is either disdandeised for other
purposes. The availability of surplus bagasse, or other fuels, is a major issue when
considering yearound cogeneration with power export to the grid.

3.2.3 Cogeneration Potential

The potential fromall operatingsugar mills of India spreasver 9 major statefhas

been identified at 3,500 MW of surplus power by using bagasse as the renewable
source of energy. The project involves employment of extra-prgissure boiler
configurations of 67 kg/cAor 87 kg/cni or 105 kg/cm (against the conentional 32
kg/cn? or 42 kg/cnd pressure boilers used in the sugar mills)

Sugar mills conventionally cogenerate their own requirements of steam and power
during the season operation of 150 days by using bagasse, the residue of
sugarcane generated tef crushing.They generallyuse a number of lowpressure

8a)Advancing Cogeneration in the Indian Sugar Indusffjaree Mills in Tamil Nadu and Maharashtra, U.S.
Agency for International Development, Report 98-02, May 1993.

b) Personal communication with the International Fund for Renewable Energy and Energy Efficiency(IFREE) and
deLucia and Associates based on work done for the Asian Development Bank, April 1996.

c) Bagass8ased Cogeneration in India: AaMet Primer for U.S. Companies, Prepared by the National BioEnergy
Industries Association, March 1995.

RO OYAFAADEYE2 T WYELNVRAG t2f AGAOFE / KF2&d YR a@&2LRAlKZ
November/December 1995.

SMNES Annual Report @8 & Estimates from MITCON Cane trash and other agri / forest waste
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inefficient boilers for the purpose and consume/waste the entire bagasse during
their season operations.

Over the years, due to the expansion and diversification of sugar mills, their energy
needs,both during season and effeason, have multiplied. They often require high
cost grid power and additional fuels both during season andgedison.

The highkefficiency cogeneration design not only uses the available bagasse
efficiently, but also yieldsubstantial quantities of power for exporting to the grid,
over and above their enhanced energy needs. Improved energy efficiency of sugar
mill operations to a maximum possible extent is a-prquisite for building high
efficiency gridconnected cogeneratn power plants. Reduced captive steam and
power consumptions enhance bagasse availability for extra power generation and
for extending their period of operation beyond the crushing season.

The potential of 3,500 MW can be easily increased to over 5,000y employing
equipment and systems for reduction of steam and power in sugar processes (from
present 50852% steam on cane and 22 units of electricity per ton of cane crushed to
42-45% steam on cane and 16 units of electricity per ton of cane crushedglbas

for the manufacture of byroducts?®

The following table gives the stateise potential for existing conventional and
energyefficient sugar mills in India:

Table3.6: State wise Potential for Expogble Surplus Electricity

Potential for Exportable Surplus, MW,
Sr. no. State Conventional = Energyefficient Suga
Sugar Mills Mills
1. Maharashtra 1,000 1,250
2. Uttar Pradesh 1,000 1,250
3. Tamil Nadu 350 500
4. Karnataka 300 400
5. Andhra Pradesh 200 300
6. Bihar 200 250
7. Gujarat 200 400
8. Punjab 150 250
9. Haryana & others 100 400
Total 3,500 5,000

Source: MNES Annual Report 2003

19 nternational Sugar Organization: Cogenerati@pportunities in the world sugar Industries, April 2009
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The achievements againtttis potential, as of Bcember, 2004 cumulate to 432W

from 56 projects. Additional capacityf about 323MW from 36 projectss under
various stages of construction. Thus, a total of 92 projects, commissioned or under
construction, have demonstrated techrammmercial viability. These projects vary in
size from 5 MW to 40 MW and mainly use bagass fuel with biomass and
conventional fuels like coal.

On account of substantial efforts by MNES, bilateral agencies, financial institutions
and others, the achievement of 8% of the potential has actually been realized, with
another 7% under constructio The barriers for accelerated development of this

sector include lack of a sustainable and conducive policy and regulatory framework,
innovative financing mechanisms, high risks of fuel linkage, and inadequate capacity.

/ 23SYSNI A2y Qa epehddldnSaiwideJanyeSof tedhmidal, eBonomic,

FYR AyadAddziazyl f O2yaARSNI GA2yas AyOf dzR
needs, the relative cost of cogenerated power, the fuel used and its cost, tax
treatment, rates for utility purchases of cogenggd electricity, and perceived risks

such as regulatory uncertainty.

Many Indian sugar mills have recognized the potential for the profitable generation
of excess power (i.e., greater than the internal needs of the mill) via cogeneration.
Also, many of th State Electricity Boards (i.e., the staw@ned utilities) are looking

to the sugar mills as economical power sources to meet the growing national
demand. As a result, optimum utilization of bagasse and steam within the mills has
taken priority. Thus, sgar mills have started looking at alternative schemes to
increase power generatiolWith a higherpressure system, a typical 250%®D mill

can generate about 11 MW of power of which 8 MW is surplus to the needs of the
mill and could be supplied to the gridr a nearby industrial customerA few
industrial plants in India currently wheel excess power through the grid; a similar
approach can be pursued by the sugar mills. Larger mills of 5000 TPD capacity can be
configured to produce 350 MW of which 2eB5 MW could be exported.

A study sponsored by the Asian Development Bank suggests that mills crushing at
least 200,000 metric tons/year (220,000 tons/year, or about 1100 TPD, or 1200
tons/day, based on an annual crushing season of 180 days) of cane in abreast
recent year could consider cogeneration investméhtJhis study concluded that

with highly efficient mill operations (i.e., at a steam/cane ratio of about 45%) and
using highpressure steam (42 or 62 ata) systems, the potential for sugar mill
cogeneation in India is about 2800 MWin 199897. At more modest conditions
(i.e., at a steam/cane ratio of about 55% and using lower pressure boilers), the
potential was estimated to be about 1400 MW in 19B@97. In this study, 174 sugar
mills located in thenine primary sugar producing states were thought to have
cogeneration potential. The majority of these mills are located in the three largest
sugarproducing states: Maharashtra (55 mills), Uttar Pradesh (51 mills), and Tamil
Nadu (24 mills). The Governmien 2 ¥ LYy RA | Q&Comvéntohah Enigy 2 F b

11Personal communication with the International Fund for Renewable Energy and He#iggncy(IFREE) and
deLucia and Associates based on work done for the Asian Development Bank, April 1996
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Sources (MNES) estimated the total cogeneration potential within the sugar industry
at 30003500 MW?2. A study by the U.S. Agency for International Development
(USAID) estimated the total potential at 3800 MW

Institutional Facilitators

The growth ofCogeneration dateback to 193-94, when the Ministry of Non
Conventional Energy Sources (MNES), Govt. of India, New Delhi, launchetaNati
Program on Biomass PoweBAgasse based Cogeneration. This prograsuded on
biomass as renewable energy source since 19®2Since then, the Ministry has
launched key promotional programs including biomassource assessment,
bagasse /biomassbased cogeneration, biomafmsed power generation, R&D
including advanced bmass gasification and industrial cogeneration.

The bagasse cogeneration program focused on the generation of exportable surplus
by deploying extra high pressure and temperature applications. This program
included

1 capital grant support for demonstratigorojects,

1 interest subsidy schemes for different pressure/temperature configurations
with higher levels of interest subsidy for higher configurations,

a Program Partnership Initiative for promotion across the country,

guidelines for States for purchasé exportable surplus, promotional efforts
for conducive policy/regulatory framework development,

1 capacity building and awareness, and fiscal suppmihdustry associations,
consultants, etc.

All the above initiatives were updated/revised every yeaw, duit the market
requirements and status of commercialization. The Ministry is likely to announce a
backended capital subsidy scheme for these projects for thaure with
lower/reducing levels of capital grants.

United States Agency for Industrial Deamment (USAID), through its innovative
capital grant scheme for nine select bagasse cogeneration projects in the private
sector during 1992002, as well as through specific technical assistance and
capacity building programs in this sector, has also mouted significantly. United
Nations Development Program (UNDP), along with the Government of India, has
NEOSyiate OtftSINBR y Ayy20FGA0S LINR2SOI

A

CA2YLHaa t26SNI DSYSNI GAZ2Y Ay topgriibnalioedt ¢ KA &

in this year. Successfuhplementations of various activities under this project are
expected to accelerate the growth. Under this project, one bagasse cogen project on
IPP mode at coperative sugar mill will be supported.

19ndian Sugar Mills Association, Directorate of Economic and Statistical Advisor, Government of India.
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State Nodal Agencies, particularly with predominant sugar mills and biomass
resources, have also contributed to the development of this sector in their States,
through specific programs and activities using available incentives from MNES.

A host of other fiscal andrpmotional incentives from the Government of India and
many States include accelerated depreciation, income tax holidays, concessions and
exemption on customs/excise duties, direct/indirect taxes, sales tax, etc. The
Electricity Bill 2003 duly enacted byet Indian Parliament and its conducive
provisions for renewable energy thereof, will provide further impetus to harness
maximum potential from this sector.

The Indian Renewable Energy Development Agency Ltd. (IREDA), a Government of
India enterprise and he lending arm of MNES, has provided
promotional/development finance for harnessing biomass energy in India over the
last 1012 years. IREDA has made a major contribution in the development and
commercialization of bagasse cogeneration projects at sugigs amd other biomass
power plants in India (refer IREDA web dit#p://iredaltd.com for the prevailing
lending norms for bagasse cogen and biomass power projects).

A number of other financial institutions such as Housing & Urban Development
Corporation Ltd. (HUDCO), Rural Electrification Corporation of India Ltd. (REC),
Power Finance Corporation Ltd. (PFC), Industrial Credit & Investment Corporation of
India Ltd. (ICICI) at the Central level, and nationalized banks at decentralized
locations, have comeofward to provide term loan finance to this sector, at
attractive lending terms.

Government Initiatives and Legal Frameworks

The government initiatives in the RPBudget Memorandum 20123, includes
removal of 10% levy sugar quota, implementation of tavemtives, Cenvat Credit on
Bagasse, tax deduction and exemption from both service tax and-aalded taxt

Cogeneration of power, sale, and interstate transmission by large IPPs including
sugar mills is allowed by regulations of the National Electriaticy?1991 under the
provisions of the Electricity Act. The sugar industry is freed from licensing both for
establishment of new units as well as expansion in existing units.

In 1993 the Ministry of Norconventional Energy Sources constituted a Task Rorce
assess the potential for cogeneration in the sugar industry. The Task Force assessed
the potential for additional cogeneration of power for supplying to the grid at 3500
MW. The Ministry had announced guidelines requiring individual States to fix
electricity prices for bagasskeased cogeneration. These were to include escalating
feedin tariff, payment guaranties by the State Electricity Board (SEB) under PPAs, as
well as guarantees that SEBs would bear the cost of grid conné&ction

Bhttp://www.bharatbook.com/marketresearchreports/food-marketresearchreport/sugarindustry-in-india-
2012.html

1“Bagasse CogeneratigrGlobal Review and Potential. WADE)e) 2004
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The Ministry of NorConventional Energy Sources also facilitated setting up of
cogeneration plants by giving an interest subsidy to the extent of 2 percentage
points on institutional loans. Indian Renewable Energy Development Authority
(IREDA) is the nodal agency for disboreat of interest subsidy to cogeneration
projects besides being a funding agency.

In 2003, the Ministry of Consumer Affairs, Food & Public Distribution created a
scheme for funding of cogeneration plants from the Sugar Development Fund (SDF)
at a preferenial rate of interest.

Also in 2003, the Central Electricity Act was amended. The Act consolidated the laws
relating to generation, transmission, distribution, trading, rationalization of tariffs,
promotion of efficiency and environmentally benign polici&se Act also permits
open access for sale of power. The amended Act lays emphasis on incremental
power generation from renewable energy sources through preferential tariffs.

The Act provids for restructuring of SEBs and constitution of State Electricity
Regulatory Commissions (SERCs) to determine the tariff for generation of power,
transmission, etc. SERCs are guided by the National Electricity Policy of the Central
Government under the provisions of the Electricity Act.

The National Electricity Policy @® announced tariff guidelines to be followed by
SERCs. It provides for an Availability Based Tariff (ABT). Any deviations from the
committed supply under this arrangement shall be subject to an U.l. tariff
(unexpected inter change) depending on grid freqay. Currently the U.l. tariff
ranges from Rs.4/to Rs.9/ per unit with an average of about R&6 per unit. In
respect of norconventional sources of energy including cogeneration of power, the
policy stipulates that the appropriate commission shila minimum percentage of
renewable power to be purchased taking into account the availability of such
resources in the region. Uttar Pradesh, Tamil Nadu, Andhra Pradesh Karnataka and
Maharashtra have notified compulsory purchase of 5% renewable enetyy. T
purchase of renewable energy is made at tariff rates based on long term agreements
between cogeneration units and SERCs as against the bidding process recommended
in the tariff guidelines announced in 2006.

There are compulsory purchases (5% of thealt@nergy to come from renewable
sources) at low prices established by the SERCs in UttaedPratiamil Nadu, Andhra
PradeshKarnataka and Maharashtra. The purchase of renewable energy is made
based on long term agreements between cogeneration units aB®RCS. The
cogeneration units who had no other option, except for sale of power to the SERC
initially, had signed the agreements with the SERCs.

Apart from low tariff offered by the State regulatory commissions, even the
payments have not been made reguiain time. Several cogeneration units falling
under this category approached the Central Electricity RegrlaCommission
(CERC), a qugsdicial authority constituted as per the amended Electricity Act for
relief.

The Maharashtra Electricity Regulatad@pmmission (MERC) gave a landmark tariff
order in the year 2002 for bagasbased cogeneration power plants witA%
compounding escalation, and included other conducive terms such ag/aatFPPA
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term, infirm power, 50% cost of evacuation to be borne thg SEB, etc. (refer
www.mercindia.confor details).

Barriers and Constraints

Industrial cogeneration has been the subject of considerable interest in India for
over a decade In general, cogeneration in India has been restricted to the
production of eletricity for own use (i.e., captive power) and has been viewed as a
means to meet simultaneous esite needs for heat and power independent of the
grid. Many Indian industries, including the sugar, pulp and paper, and textile
industries, have been cogenenag) steam and electricity for many years. In these
industries, cogeneration has been favored for several reasons:

a. have significant simultaneous steam and power requirements,

b. by-products or wastes are produced can be used asdost fuels,

c. many of the fants are located in areas not connected to the grid, and
d. want to lower their plant operating costs.

Barriers to cogeneration development can be classified into the following: technical,
financial drawbacks, poor institutional frameworkjnadequate reguleory
framework, shortsighted electric utility policieslow environmental concerrand
some other barriers

a) Technicabarriers

First technical barrier is the lowevel of awareness about the soundness of
cogeneration technologies due to the lack of teclahimformation at the level of
local utilities, industries, potential cogenerators and governments. In fact, awareness
building about cogeneration is the very first step to promote cogeneration systems.
Lack of capability to locally manufacture some enesgpply equipment can lead to
higher investments linked with higher cost of imported equipment. Inferior quality of
equipment produced by local manufacturers with poor technologies also hampers
the propagation of cogeneration systems. In many developingntties, the
technical expertise to design, construct and operate energy efficient cogeneration
systems is quite limited. For gritbpendent systems with the option of electricity
export to the grid, advanced electrical control systems are necessary fibr bo
cogeneration plants and local electric utilities. The local electric utilities must have
competent personnel who are capable of operating a more complicated system
consisting of utility owned power plants and cogenerators. The cogeneration
systems needkilled technicians for regular maintenance and troutk®e operation.

Lack of infrastructure is also one of the obstacles in promoting cogeneration
systems. For instance, there are natural gas networks in many developed countries.
The lack of infrastructre such as gas handling, storage and distribution auxiliaries in
some developing countries leads to technically more complicated systems for gas
powered cogeneration.

b) Financiadrawbacks

Cogeneration systems are somewhat capital intensive. Investmentsiregl are
sometimes out of reach of energy consuming facilities such as industries, commercial
buildings, hospitals, etc., in many developing countries.
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Any lack of guarantee for long term availability of fuels can lead to higher risks in
investing in cogeeration systems. For example, unlike the developed economies,
GKS | @FLAftlroAtAGE 2F FdzSta Ay Y2ad RS@St 2
policy changes due to the monopoly of the energy sector. There will be uncertainties
about the actual energyost savings unless loigrm fuel supply is ensured.

A cogeneration scheme may be found to be a good financial investment and provide
reasonable payback period. The hindering factors however are those which limit the
income derived from the products (heanhd electricity) or increase the cost of inputs
(equipment and fuel). Among these, electricity pricing appears to be the deciding
factor that is beyond the control of the cogenerator. Some sort of involvement of
energy companies and development of thpdrty financing schemes can help to
reduce the financial uncertainties.

In countries where prices of other fuels and electricity are subsidized, cogeneration
systems cannot be financially attractive for private or public enterprises if the energy
consuming &cility has easy access to the grid or can buy other subsidized fuels. The
low rate of return on investment would not justify the high capital requirement of a
cogeneration system.

Investors may often look for some form of incentives such as reduced figgsp
investment subsidy, tax benefits and attractive tariffs. In countries having no or
inadequate incentives, cogeneration development has been found to be low or
marginal. In industrialized countries, cogeneration has been promoted through
financial ircentives such as soft loans, subsidies, tax credit, etc. Experiences show
that these financial incentives are effective tools to enhance the development of
cogeneration in industries and utilities.

c) Poor institutional structure

Like other energy efficiertechnologies, cogeneration can be effectively and rapidly
promoted by the government and appropriate institutions working together in
harmony. Institutional issues are mainly related to the seriousness of the national
authorities in promoting cogeneratioim order to achieve conservation of fossil fuels
and protection of the environment.

In some instances, existence of a promotional organization for cogeneration has
helped to establish policy measures and develop cogeneration market. Some
developing countes lack institutions or have inadequate institutions to deal with
energy and environment matters. In such instances, there are no energy
conservation campaigns and distribution of information on energy efficient
technology such as cogeneration.

d) Inadequateregulatory framework

Inadequate regulatory framework can set negative example in the form of poorly
planned and designed projects. When foreign investment is involved, the question of
allocating sovereign risks and guaranteeing utility payment obligatronst be
resolved. Lack of experience in planning and lack of transparent power purchase
agreement can lead to prolonged process of negotiation between the project
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developers and the concerned authorities, resulting in unnecessary delays in project
implemertation and financial losses to the developers.

Some of the regulatory issues concern fulfilling of technical requirements, licensing

F NN} yaSySydaszs oAftAde (2 aoKSSt¢e¢ O6ADPSD |
heat directly to energy consumers, ntbtrough utilities), etc. While the principle of
authorization sounds reasonable, procedures can be bureaucratic, complex and time
consuming, thus perceived as a disincentive for potential cogenerators with little
experience in the power sector.

It is alsoimportant that the government and institutions themselves must be aware
of the benefits of cogeneration in achieving higher overall energy efficiency and
lower emission of pollutants. However, the lack of expertise in government body and
relevant institutons leads to lower level of awareness on cogeneration and weak
policy on the development of cogeneration.

Some developing countries have realized the importance of energy conservation in
the economic growth. They have formed a number of institutions todma the
energy matters including promotion of cogeneration. However, the duty and
responsibility of each institution is not clearly defined or there is an overlapping of
responsibility among the institutions. Such an inefficient institutional structuaelde

to ineffective cooperation between the government and industries or other energy
intensive facilities. Contradictory policies and complicated procedures often
frustrate the potential cogenerators.

e) Role of electric utilities

Equally important is the reland attitude of electric utilities towards cogeneration.

In spite of the fact that these utilities are being restructured in many parts of the
world including Asia, many among them remain monopolistic in nature. Significant
investments have been made the past to develop their generation capacities. As
some of these investments have been written off, relatively inexpensive electricity is
produced which is not conducive to the development of alternative options of power
generation even when they are fodreconomic.

If electricity prices are low, there is little incentive for the users to consider supplying
their own power or sell it to the grid with unattractive payback periods. Unhelpful
utility attitudes and actions are manifested in the following retuy themes:

9 tariffs fixed for purchasing surplus electricity from cogenerator are too
low;

tariffs for standby or backup supplies to the cogenerator are excessive;
sale of electricity to third parties is rarely permitted or is too expensive;

technical athorization to new schemes are not always fully transparent;
procedure followed can be time consuming and costly.

Where utilities do not consider the cost of additional power generation (system
avoided costs) while fixing the power purchase agreement with cogenerators,
they cannot raise enough funds to expand their generating capacities, while they
hinder the growth of private investment in power generation or cogeneration. In the
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process, there is a shortfall between the supply and the demand ancktiel
slowdown of the national economy

Sometimes, although there are several energy and environment related institutions
in some countries, they are not capable of formulating suitable energy policies. For
instance, they cannot draft weditructured electicity tariffs. These institutions often
imitate the energy policies directly from other countries that are not always suitable
for their respective countries. Therefore, the lack of ability to formulate and
implement sound energy policies leads to impropiesssemination of energy efficient
and environmentally sound technologies including cogeneration.

f)  Environmental issues

Some developing countries feel that environment is a matter of concern of
industrialized countries. They are reluctant to impose enwvinental restrictions on
industries, being afraid that local industries would lose the competitiveness in world
market. Such a situation favours the use of cheaper and pollution intensive fuels in
inefficient manner. Without energy efficiency standards andvieonmental
regulations, cogeneration systems would not get an advantage over other systems.
Therefore, higher environmental concern is necessary to promote cogeneration.

Where emission regulations are used to limit air pollution related to various
economic activities, they can be discriminatory against cogeneration installations, as
the emission thresholds set do not always recognize the efficiency of energy
conversion of the cogeneration process. Though a cogeneration plant may increase
the local emissios, it normally displaces even more emissions at the fossil fuel
power plant. Any relaxation in the limit of air pollution can help to reduce the
investment on cogeneration facilities.

Natural gas is widely recognized as a clean fossil fuel for cogemeegiications.
Where it is available and the gas network exists, natural gas can be a promising fuel
if it is not too expensive.

g) Other Barriers

Other barriers include the lack of skilled manpower and management. In most cases,
both the electric utilitiess as well as the industrial plants lack skilled manpower and
managers to handle the specific task of heat and power production.

Cost Benefit Analysis

The main arguments for cogeneration in India have centered on two compelling
issues: cogeneration is a atively inexpensive means to augment conventional
power supplies and energy conservation via cogeneration can reduce costs, and
possibly increase profits, while reducing or avoiding the pollution attendant with
fossil fuel utilization. The need for elecal power in India clearly justifies industrial
cogeneration where technically and economically feasible.

A wide range of considerations must be taken into account in deciding whether to
invest in an industrial cogeneration system. These include bothrnateand
exogenous economic factors, fuel cost and availability, ownership and financing, tax
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incentives, utility capacity expansion plans and rates for purchases of cogenerated
power, and a variety of perceived risks in such an investment.

Prior to underaking any economic analysis to essthe commercial beneftt of a
cogeneration projectattention needs to be given to some important technical
parameterswhich are summarized below:

a) Heatto-power ratio;

b) Quality of thermal energy needed;

c) Electrical and termal energy demand patterns;

d) Fuel availability;

e) Required system reliability;

f) Local environmental regulations;

g) Dependency on the local power grid;

h) Option for exporting excess electricity to the grid or a third party, etc.

Cogeneration may be considered ecmical only if the different forms of energy
produced have a higher value than the investment and operating costs incurred on
the cogeneration facility. In some cases, the revenue generated from the sale of
excess electricity and heat or the cost of awgil standby connection must be
included. More difficult to quantify are the indirect benefits that may accrue from the
project, such as avoidance of economic losses associated with the disruption in grid
power, and improvement in productivity and produmtality.

Following are the major factors that need to be taken into consideration for economic
evaluation of a cogeneration project:

a) initial investment;

b) operating and maintenance costs;

c) fuel price;

d) price of energyelectricity and heatpurchased and sold.

Initial investment is the key variable that includes many items in addition to the cost
of the cogeneration equipment. To start with, one should consider the cost of pre
engineering and planning. Barring a few exceptional cases, the cogenerator would
normally hire a consulting firm to carry out the technical feasibility of the project
before identifying suitable alternatives that may be retained for economic analysis. If
the cogeneration equipment needs to be imported, one should add the prevailing
taxes ad duties to the equipment cost. If one plans to purchase cogeneration
components from different suppliers and assemble them on site, one should take into
account the cost of preparing the site, civil, mechanical and electrical works, acquiring
of all auxiary items such as electrical connections, piping of hot and cold utilities,
condensers, cooling towers, instrumentation and control, etc.

Integration of the cogeneration plant into the existing gt may lead to some
‘economic losses to the cogenerat@@.g. production downtime). Costs associated
with such losses should be included in the total project cost.

The operating and maintenance (O&M) cost should include all direct and indirect costs
of operating the new cogeneration facility, such as serviceguipment overhauls,
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replacement of parts, etc. The cost of employing additional personnel as well as their
training needed for operating the new facility must also be taken into account.
Present technology allows complete automation of small-paekage and pre
engineered units, helping to reduce the O&M costs considerably.

Annual costs incurred due to the cogeneration plant, such as the insurance fees and
property taxes should be included in the analysis. These are often calculated as a fixed
percentag of the initial investment.

The price of energy purchased and sold is a decisive parameter. This includes the net
value of electricity or thermal energy that is displaced as well as any excess electricity
or thermal energy sold to the grid or a third partA good understanding of the

St SOUNRO dziAfAdGeQa G NAFT adGNHzOUdz2NB A&
capacity charge, timef-use tariff, staneby charges, electricity bdyack rates, etc. As

for the fuel, there should be provision to aceduor electricity price escalation with

time. This is particularly true where power utilities depend heavily on fuel in their
power generatioAmix.

Regardless of whether the cogeneration project is a totally new facility or a retrofit of
an existing operton, the project will materialize only if it is financially attractive.
There are a number of financial indicators to measure the attractiveness of a project.
Some indicators are used to compare several projects to decide which one is the best
alternative

The sizing of the cogeneration system is sometimes carried out by financial analysis in
grid dependent cases where there is an option for importing electricity instead of self
generation of all the electricity. In such circumstances, the optimum size of
cogeneration would correspond to a system that has the minimum annual total cost
(or maximum annual net profit).

Commonly employed financial indicators for cogeneration feasibility study are the
payback period (PBP), net present value (NPV), and inteateabf return (IRR).

The easiest and basic measure of the financial attractiveness of a project is the
payback period (PBP). It reflects the length of time required for a project to return its
investment through the net income derived or net savings redliat is the most
widely employed quantitative method for evaluating the attractiveness of a
cogeneration system. The simple payback period gives an idea of the time frame
necessary for the net energy cost saving (or cash benefits) to pay the totalatistal

cost of a cogeneration system. It disregards the salvage value, and the time value of
money.

The net present value (NPV) of a stream of annual cash flows is the sum of discounted
values of all cash inflows and outflows over a certain time periodaFkmgeneration
project, initial investment costs are assumed as cash outflows and net annual energy
cost savings (or net annual benefits) are cash inflows.

When cogeneration system alternatives of different capacities are being compared,
the net presentvalue is an important financial parameter. The project that has the
highest net present value would be chosen as the best alternative system.
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The internal rate of return (IRR) is defined as the discount rate that equates the
present value of the future césinflows of an investment to the cost of the
investment itself. Actually, the IRR is the rate of return that the project earns.

To judge the suitability of a cogeneration project, comparison is made between IRR
and discount rate (or required minimum ratelf IRR happens to be less than the
discount rate, the project would be rejected.

In the estimation of NPV for a cogeneration project, the total investment costs are
taken as cash outflows, and cash inflows are the difference between the annual total
costof cogeneration system and that of the conventional energy supplies.

Sometimes, the total discounted costs of different cogeneration alternatives are
estimated instead of the NPV of a single alternative, e.g., the case of a grid
independent project. Alllte cash outflows are considered and discounted to the
present value. The option that has the least discounted costs would be selected as the
best system.

Investment decisions are based on the above mentioned financial indicators which are
calculated from ash flow streams. The cash flows are estimated based on a number
of factors such as future costs, interest rates, fuel costs, expected investment levels,
tax rates and so on. Therefore changes in these parameters affect drastically the
financial indicatorand investment decisions. It is necessary to analyze how the value
of a financial indicator (e.g. internal rate of return) changes when one or more of the
input parameters (e.g. discount rates, fuel prices, investment costs) deviate by a
certain amount (o percentage) from the expected value. This is known as the
sensitivity analysis.

If the system to be installed has no access to the utility grid, the financial feasibility
study will lead to the best cogeneration alternative since the sizing of different

alternatives would have been carried out in the technical feasibility study. Financial
indicators are estimated for each cogeneration system retained after the technical
feasibility study. The best cogeneration alternative that has the highest NPV (or the
least total discounted cost) would be selected.

3.2.8 Recommendatios

From thedescriptionin the preceding sectionis is understood that development of
cogeneration applications in India is well aheadmpared to other member
countries of SAARC region. Thdlowing recommendationshave been maddo
increase pace adevelopmaent of cogeneratiorthroughout India

1 Industry Association likedCogeneration Association of Indiaalong with
concerned Financial Institutions and other stakeholdgmsuld keep contined
pursuingthe Central Electricity Regulato Commission (CERC) to guide State
Electricty Regulatory Commissions (SERfMsfaciltate in adopting uniform
tariff, establishing right policy framework amdlequacyof regulatorymeasures.
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Arrangement of wedkshops/seminars within the state and intetates for
development of skilled manpower and management. On the job training is also
impotent to develop skilled manpower for the electric utilities as well as the
industrial plants and managers to handlee ecific task of combined heat

and power (CHP) production i.e cogeneration.
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3.3
3.3.1

3.3.2

Pakistan
Industry Structure

Pakistan is the I8argest pralucer of sugar in the world,"argest in termof area
under sugar cultivation an@0"in yied. The sugar industry ihe 2dlargest agro
based industry which comprises 88sugar mills with crushing capacity of 6 million
tons per year.

Sugarcane is among the most valuable crops of Pakistan. It is a source of raw
material for entire sugar industry. Production efficierftgs become an important
determinant for the future of this industry in Pakistan due to declining
competitiveness of the domestic sugar industry because of increasing imports, and
high costs of production. The Development and adoption of new production
technologies can improve productive efficiency. Therefore, this industry can improve
the efficiency of its operations using currently available technology. Measures of
productivity, its growth and sources for the sugar industry of Pakistan play a
significant ole for policy development.

The sugar industry in Pakistan evolved from a relatively small base at the time of
partition to its present status of importance in the agribusiness and agriculture
sectors. As a cash crop, by 1988 it was second only to cadtwh,it trailed only
textiles in order of irportance in the processing sector and by that tithere were

48 sugar mills in Pakistanmith the production capacity over 1.8 million tons of sugar
per year Presently 89 sugar mills are operating in Pakistah witotal production
capacity of 5 millions tons per year

The sugar is produced predominantly from sugarcane. The acreage under cane was
reported as 1080,000 hectares in200910 produced about 55 milliontons of
sugarcane Punjab province accounted faver half of the total cane produced
followed by Sindh Province

A potential complication for consideration of the sugar industry as a source of
energy for grid electricity is the fact that until recently, bagasse was used as a feed
stock for both paper amh chipboard manufacture. While this might confirm that
some of the sugar mills are relatively efficient, as they apparently generate their own
power and steam from bagasse, yet still supply bagasse aspaobuct, it also
suggests that there is alreadyraarket value for bagasse which electricity production
will have to compete with. In reality, the bagasse sold as -arbguct might be a
trade off where the revenues are used to buy furnace oil as an energy replacement.

Current Cogeneration Situation

Usinga conservative factor that crushing 90,000 tons of cane will provide enough
bagasse to produce 1 ntW of excess power per season (net means that the sugar
factory power needs have &ady been metjor sale to the grid. The assumption is
made that new gh temperature, higkpressure boilers and turbine generators will
have to be procured to realize fully this potential. One potential advantage in
Pakistan is that every piece of hardware excepting the steam turbines can be
produced incountry, helping tostimulate the economy, while saving foreign
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exchange if the local boilermakers can increase the pressure and temperature
ratings they can supply.

The total of 200 MW is significanh the sugar industry, when treated as an
indigenous energy resource andotpntial supplier, can make a significant
contribution in the power sector, mainly in the more rural areas where the kwh and
voltage control potential can have excellent value.

3.3.3 Cogeneration Potential

Power generatiorby cogeneratiorat the sugar mill®f Pakistan have been reviewed
on the basis ofhe followingarticle:

Sugar Industry: A cheap and easy source of Electricity. (A case study of District
Mandi Bahauddin) byMuhammad Tahir,(M.S. EconomicsPreston University,
Islamabad and Dr Khalid Mughal (Faculty, Preston University, Islamabad.
*drkhalidO@gmail.com)

In the said articleit has been noted that thesugar mill in District Mandi Bahauddin
can easily sell the surplus electricity to public grid at cheap rates up to 6 months. The
electricity prodwced during the winter season is particularly vital for utilities because
of lack of rain and snowfall in the northern areas and water level in hydroelectric
dams touch to the bottom level.

According to Alternative Energy Development Board (AEDB), Pakigjan industry
can provide cheapral easy electricity to the common consumers on local level as
well as to thendustry tosome extent.

The objective othis case study wag examine the alternative resources of energy

(sugar industryand electricity in Pakistan. The main objective of the studies is to
ONAY3I Ayia2 62N)] GKSsugariadidrd St 0By SRNISHETF O
easy available and environmental favorabddectricity and also decrease the

difference between demand and supply of elécity on local levelwith possible

available alternative means of electricity.

Distric Mandi Bahauddin which is 25@nkaway from the capital of Punjab, Lahore is
afascinating fertildand. The District contains two sugar mills. One ®shShaj Sugar

mill which lies 8 kn north to Mandi Bahauddin city while other lies to south of the
city 12km away fromPhalia city. The case forcheap and easiest source of electricity
was studied in the two sugar mills in the District MandiBahauddin.

Total cultivated areaf sugarcane in District Mandi Bahauddin comprisecDG@
acre in 201@l1which increased 9% in 2012 with total cultivated area reached up

to 85000 acre. The recendtatistics data showed 550 tons / acre production of
sugarcane. This considerable ir@se in theproduction of sugarcane is mainly
because of good price rate in the market with favorabeather condition for the
crop. Both these sugar mills are provided with sugarcane not only by the local
farmers of the District buailso a big quantity isupplied from the suburbs of District
Sargodha.
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Phalia Sugar Mill

The capacity to csh the sugar cane of Phalia Sugar Mill is 6000 tons per day.
Bagasse anduice with ratio of 28: 72 is produced 70 tons/hour. The energy
produced from sugarcane in therfa of ethanolis very useful. When bagasse is
burnt, it providessufficient heat to run turbinesvhich eventuallyproduce electricity

to run the mill. By burning all the available bagasse, a ste@®sure o4 kg/cm2 is
achieved which canperatetwo steamturbine generatorgT.G)of 2 MW and 5 MW
capacityand resultsin generating electricity 1.45 MW and 3.7 MW respectively. In
this way 5.5 MW ofelectricity isproduced which meet the needs of the mill itself.

Table3.7: Estimated Cegeneration @ 6000 Tons per day Cane Cruslitate

Cane crushing rate 250 Tons per hour
Available bagasse @ 28% 70 Tons per hour
Process house steam required @ @ 112.5 Tons per hour
45%
Exhaust steam & Electric Generation
Electric Generation
T.G No Type (MW)
T.G1 (2MW) Steam Back pressure at 1.5 kg/ém 1.45
Pressure 24kg/ch
T.G 2(5MW) Steam Extraction at 1.5 kg/ch 3.15
Pressure 24kg/ch
For Condenser 0.55
Total 5.15
Electricity Balance
T.G No. Type
Total Generation 5.15 MW
In House Consumption 5.15 MW
Surplus available for sale 0 MW

Shah Taj Sugar Mill

This mill stays in the top 10 of ranking of 84 sugar mills of Pakistan in its production.
This process of generating energypports ethanol units to be seHufficient in
electricity and even sell to the public grid. Currently extraction of 288 MJ of
electricity is achieved from 1tcd ¥ o 3| 44 Sd ¢ukeSs 180yVR.dige(l NB Q &
larger view the expansion of this process can havepdus electricity to uiities.

Tables.9)
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Table3.8: Estimated CeaGeneration @ 9600 Tons per day Cane Crushing rate

T.G No. Type
Cane crushing rate 400 Tons per hour
Available bagsse @ 28% 112 Tons per hour
Process house steam required @ 45 180 Tons per hour
Exhaust Steam & Electric Generation

Steam Electric iﬁggﬁ:t
T.G No. Type consumption  Generation (Tons per
rate (kg/kwh) (MW) hour)

T.G 1 (15MW)  Back pressure a 6.40 10.90 70.00
Steam Pressure 1.5 kg/cnt
65kg/an?
T.G 2 (15MW)  Extraction at 1.5 6.40 9.20 59.00
Steam Pressure kg/cn?
65kg/cnt For Condenser 4.10 1.46 6.00
T.G 3 (15MW) Extraction at 1.5 6.40 9.20 59.00
Steam Pressure kg/cn?
65kg/cnt For Condenser 4.10 1.46 6.00

Total 32.22 200.00
Electricity Balance

T.G No. Type
Total Generation 32.22 MW
In House Consumption 12.50 MW
Surplus available for sale 19.72 MW

Table3.9: Bagasse Balance

Total Bagasse avaiile 112.00 Tons per hour
Total Bagasse required to generatior 90.90 Tons per hour
200 Tons steam @ 2.2 kg steam/kg
bagasse
SurplusBagasse 21.10 Tons per hour

With the available bagasse 32.22 MW of electricity can be produced for six (6)
months. Duringthe crushing season of sugarcane for four (4) months, 19.72 MW
would be available as surplus for sale and in theseison 32.22 MW would be
available for two (2) months.

Shah Taj Sugar Mill is generating 32.22 MW of electricity with the help of its 3
turbines which have 15 MW capacity of generating electricity each. Shah Taj uses its
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own generated electricity up to 12.5 MW and the remaining 19.72 MW electricity is
available tosell for the 4 months. After cahing seasofthe remainingoagasse haa
capaity to generate 32.22 MW. This is available to sell for the next two months to
different sectors awery chea rates which is Rs.7.33/ KWTable3.10). Investment

on this sort of projects is probably half of tipeice referred by the World Bank. A
rough calculation shows that energy production from wastage burning is from 30 to
110 MW which vary with the use of technology. While higher statistics can be
achieved by replacing machinery and by use of different bargy sources.

Table3.10: Electricity Generatiortostby different sources

Source Cost Rs./kW
R.F.O 1484
Coal 3.12
High Speed Diesel 18.31
Gas 3.89
Nuclear 1.12
Wind 9.12
Hydro 0.16
Sugar Industry 7.33

Source: National Electric Power Regulatory Authority (NEPRA)

The comparison between the electricity generated from various sources and the
electricity generated from Sugar Industry encourages investment of capital in the
Sugar Industry.

The consumgion of electricity has increased considerably in the last two decades in
District Mandi Bahauddirnfhe monthly demand of electricity in the whole district is
almost 85.6 MW, while the district gets 64 MW from public grid. The shortfall
reaches to 21.6 MWhearly. This shortfall is returnable with the help of Shah Taj
Sugar Mill.

The case studied for electricity in District Mandi Bahauddin is valuable for the people
of this District due to cheap and easiest source. The electricity available to the
District by public grid has the difference of demand and supply approximately is 21
MW. The difference can be lessenedawoidedwith the help ofthe sugar industry.
District Mandi Bahauddin is an excellent example in this respect. If sufficient
cooperation isavalable, thisduration of electricity production can be maximized to

8 months. This is not only a cheaper way of generating electricity but also
environment fiendly. The average cost of 1 kWf electricity which is available
from gridis Rupees 8.84. Buh Shah Taj Sugar Mill, this rate has been decreased
down by rupees 1.51Similarly the average cost @fkwh of electricity through RB

is rupees 14.84 and High Speed Diesel is rupees ,A8tdh is almost double to the
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cost of Shah Taj Sugar Mill. THeB Taj Sugar Mill has capacity to generate surplus
electricity for the household and industry of the District Mandi Bahauddin. The
production of electricity is particularly significant in the winter term because there is
low water level in dams. This press of bagasse burning is very useful because it
suits the conditions which achieve maximum production at minimum air pollution
when compared to coal. There is little sulphur in it and it emits little nitrous oxide as
it burns at very low temperature.

Theabove mentioned discussion and analysis shows if possible measures are taken
for the production of electricity within the country by using alternative mepawer

crisis could be minimizei a large scale. There ar® 8ugar mills in the country and
most of them have the capacity to generate electricity more than their demand and
requirement. Through ééctive measures on local levethortfall of electricitycould

be avoidedoy providing electricity to the public gridisr 4 to 6 months.

From internet bravsing I LJ- LIS NJ (Plakisliam RegdSt® pugh for co

3 Sy S NI ubliskeg én 11JApril 2013, it is learnt thfdr the last five years or
more, various proposals have beerploredto co-generate power and supply it to

the national grid, according to R@r Engineering magazine of Pakistan. There has
not been much of a progress in this direction despite a severe energy crisis faced by
the country. This paper explored the subject, examined the reasons of lack of
success and presented some thoughts and mec®ndations for meaningful
prospects in this respect.

Presently in Pakistar89 sugar plantsre operating with a total sugar production
capacity of 5 million tons per year. Additionally, there are 19 distilleries which
process the byproduct molasses intethanol with a combined capacity of 400,000
tons. By the year 2005, most of the molasses were exported, and today molasses are
not exported at all and the valdadded produciethanolis exported. The same could
happen in energy sector, provided both theigar sector and the government
develop and pursue viable proposals benefiting both the consumers and the
producers.

The National Policy for Power Cogeneration by Sugar Industry of Pakistan stated that
cogeneration potential of the sugar sector stands ad@MW which may be a little
exaggeration. By comparison, Indian sugar sector is about 5 times larger than
Pakistan's and they estimate their potential at 5000 MW of which only 1666 MW has
been achieved by now. In that comparison, Pakistan potential cometode 1000

MW.

It should be reasonable to expect a realisable potential of 2000 MW and if coal is
added as an alternative/additional fuelthis may go up to 2000 MW. The most
important thing that has to be kept in view is that sugar sector has the disram
organisational and institutional capacity and the finanaapabilityto undertake
capital intensive ventures of this nature. All sugar mills have experience of power
production, albeit for their own self use. So if a reasonable framework is dew&lope

it is reasonable to exgxt that progress would come up.
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3.3.5

3.3.6

Institutional Facilitators

Government has tadn initiative to promote power generation through
environmental friendly anaost effectivemeans.The National Policy for Power €o
Generation by Sugdndustry (the Ceasen Policy), is onef the major step towards
achieving this aspiration. The main characteristic ofGana Policy is its simplicity,
which is key for attracting investment and making possible for achieving early
commissioning of private peer projects.

In order to facilitate prospective investors, the Private Power & Infrastructure Board
has prepareddGuidelines for Processing Generation Power Project Proposals".
which would help sugar mills in moving forward with their projects.

Governnent Initiatives and Legal Frameworks

Realizing the importance of tapping the potential of sugar industry in contributing
towards power generation, the Government of Pakistan has approved a Natiohal Co
Generation Policy. The National -Generation Policy ensages mainstreaming of
co-generation electricity from our existing sugar industry in the development plans
of the country. As PPIB has been assigned issuance of Letter of Support to interested
sponsors, PPIB has prepared the "Guidelines for ProcessHygr@oation Power
Project Proposals”. Bh document presens both the€ocGen Policy' and
theWuidelines forinvestors' would help investors in developing -Generation
projectsin Pakistan

Barriers and Constraints

The barriers confronting the developmentf @conomic cogeneration can be
classified into following four main categories e.g market, institutional, regulatory
and other barriers:

Market Barriers

(c) Price of electricity

Market pricing mechanisms in cogeneration are not available. Thus there is
uncertanty on the market prices with which cogeneration will have to compete.
Price setting by a major player could preclude cogenerators from entering the
market if they envisaged selling to the grid. Public power generating entities could
offer heavily discourdd rates to large consumers to ensure that they retain them
as consumers and keep their load base.

(d) Cost of generation technology

With the advancement in cogeneration technology that result in lower cost per
unit of power produced and/or increased efficigncthe cost remains high for
some applications. Future efficiency improvements can result in lower costs per
KWh of electricity that is generated. It is expected that this barrier will be reduced
if the market demand for cogeneration technology increaseshe future. This
increased demand will lead to further investments in R&D and larger, more
efficient production facilities which, in turn, would lead to higher operating
efficiencies and lower cost for the equipment. Government can reduce costs
through tax which may affect economics of cogeneration projects.
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Institutional Barriers

(e) Management involvement

The barriers can basically be divided into following three categories:
() longterm commitments,
(i) competition for limited funds, and
(iii) attitudes of senior maagement

It is noted that the management of potential large consumers of many of the most
attractive cogeneration sites with a sufficiently high steam and electricity demand
will be reluctant to make the lonterm commitment required to construct a
cogeneraion plant. This reluctance could become an issue as the electricity market
opens up and the future price of electricity is unknown. The management used to
compare the return/payback period of potential cogeneration facilities against
other potential capial projects. Other projects may have higher potential returns
and a faster payback period compared to the cogeneration facility.

Related to the first two barriers are attitudes of management of the most
attractive potential cogeneration sites. These aities are based on the fact that
power supply is not part of their core business. However, in cases where managers
are concerned about the reliability and quality of power supply from the grid,
those factors would be mitigated.

() Government Ownership

Most of the industrial facilities in Pakistan are owned by the government. Due to
constraints on the availability of investment capital, many governments owned
facilities are unable to obtain funding to improve their efficiency or energy
utilization via cogeneranin.

(g) Lack of Information

Although not a new technology, there is generally a lack of information,
understanding and confidence in cogeneration technologies both by potential
users as well as investors. This barrier results in the need by both potential
cusibmers and investors to spend time and cost to qualify themselves about this
technology.

Information costs may be one of the most important institutional barriers and lack
of information, understanding and confidence are effectively relate to information
costs.

(h) Transmission Access

The design of any cogeneration installation is very specific to the characteristics of
the site: the size of the electricity load, the size of the heat load, and the time
patterns of their usage (the load durations). In many sasecogeneration facility
which can meet the heat load efficiently will produce more electricity than the
steam host requires. For the cogeneration application to maximize value, and
perhaps even to be economic, it requires access to the electricity méokehe
surplus power. Access to the market will be provided in the coming competitive
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3.3.7

environment. However, there remains uncertainty as to the rules and regulations
that will apply to such access.

Reqgulatory Barriers

Some of the regulatory issues congdulfilling of technical requirements, licensing

F NN} yaSySydaszs loAftAde (2 GaoKSSté¢ O6ADSOD
heat directly to energy consumers, not through utilities), etc. While the principle of
authorization sounds reasonablprocedures can be bureaucratic, complex and time
consuming, thus perceived as a disincentive for potential cogenerators with little
experience in the power sector.

As a relatively low emission technology, it will be important to ensure that
potential cogemration projects are reviewed efficiently and promptly:

The environmental authorities should set procedures for three categories of
projects:

(i) those that require an individual environmental assessment;
(i) those that would require a screening process; and

(i) those that would not require approval under the existing environmental
regulations

In order to make cogeneration attractive to potential investors, the fiscal
incentives should be extended to the potential investors and where possible
improved.

Other Barriers

Other barriers include the lack of skilled manpower and management. In most cases,
both the electric utilities as well as the industrial plants lack skilled manpower and
managers to handle the specific task of heat and power production.

Cost Benefit Analsis

A cased ( dzR@&  #p2aNd edsy Eo8rce of electricity in a district under Punjab
narrated above under cogeneration potential (secti@B.3) that the electricity
available to the District from public grid has the difference of demand and supply
approxdmately 21 MW. The difference has beabolished with the help of ugar
industry. This is not only a cheaper way of generating electricity but also
environment fiendly. The average cost of 1 kWf electricity was available from

grid at Rupees 8.84. Buud to sugar mill,this rate has been decreased down to
Rupees 1.51Similarly the average cost @f kWh of electricity through Furness Oil

was Rupees 14.84 and High Speed Diesel was Rupees 18.31 which is almost double
to the cost ofsugar mill.

The use otogeneration has large environmental benefits in terms of reduced usage
of fossil fuels. As an example, if one assumes that the full cogeneration potential
potential of 1000 MWIis utilisedin Pakistan, then comparing it with a 1000 MW coal
fired power sation operating on Thar coal (calorific value of 2960 kCal/kg), the
savings in coal used is 6 million tonnes per annum and this translates to a reduction
of carbon dioxide emissions of 5 million tonnes per annum.
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3.3.8

The above mentioned analysis shows if polgsimeasures are taken for the
production of electricityfrom sugar millswithin the country by using alternative
means power crisis could be minimized to a large scale. There are more than 8
sugar mills in the country and most of them have the capdoityenerate electricity
more than their demand and requiremenErom the above discussion conclusion
could be drawn thasugar mills arén a winwin position to generate electricity and
sellit to the national grid.

Recommendation

From the abovenarrations on sugarsector of Pakistan it is understood th&ugar
mills remain idle during offeason and produce no energynd as such to run the
mill throughout the year as a cogeneration system, following steps could be:taken

1 Must find outa secondary fuel shcas coal, etcAs storing of bagasse is
uneconomic, the cayeneration project will be based on bagasse during the
canecrushing season i.e. Nember to February as main fuel andduring the
non-crushing season i.é&com March to October on imported or locabal as
the main fuel. This enables bagasse cogeneration plants to operate beyond
the crushing season for up to 3@30 days/year.

1 The concerned entities responsible for the developmehsugar sector may
establish a cardinating committee witha viewto:
- emphasis on use of cogeneration
- promoting cogeneration technology

- keep constant liaisons with regulatory authorities to have the
opportunities of CeGenPolicy towardshe growth of cogeneration

- organize training workshop/seminars for exchanging eigreres and
informationamongother potential industries and SAARC member states.
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3.4.1

SriLanka

This section has been prepared on the basis of Technology factsheet on
Cogeneratiorwith Biomassextractedfrom TNA Report: Mitigation for Sri Lanka and
the SundayTimes (11 December 2011).

Industry Structure

{NA [FYy1l Q& &dzal NJ LINPRdzOAyYy 3 didRéninAusttyK I &
owing to neglect and absence of a coherent government policy covering the interest
of all the stakeholdersgrowers of sugawme and the consumers.

Ad hoc privatization of the local sugar industry in the 1990s and then again in early
2002, without a regulatory powerstructure in the hands of the government, has
lead to its rapid decline. The declining trend in the industry hasher been
aggravated by shoiterm profiteering and politics, creating a strong negative effect
on the industry and on the research effort, he added.

The national policy on the Sri Lanka sugar sector development was approved by the
cabinet of ministersn 2005 which recognizes that domestic sugar industry has the
potential to produce at least 50% of the domestic requirement of sugar and other
value added products of sugarcane within the next nine years. Under the said policy,
the Monreragala and BibikMedagama region were recognized as among the key
potential areas for sugar development. It recognizes the lead role the private sector
has to play as investors and project promoters with minimal financial burden to the
government.

The land use plan issued by Survey Department had clearly identified the lands
suitable for sugar cultivation in Moneragala, Ampara, Kantale and Trincomalee
districts Under this over 90,000 ha should be cultivated with sugarcane to produce
40 % of the country's sugar requirentenBut the government had failed to give due
assistance to improve the industry in the North which has a great potential. Similarly
the UvaWellassa area sugarcane cultivatioras alsonot materialized In 1992
Hingurana and Kantale factories were soldiwm Colombo sugar traders at a very
low price This was the actual turning point of the sugar industry in Sri Lanka. Unrest
among the factory workers and sugar cultivators slowed down the functioning of the
factories under the private management

Sri Lank& has four sugar millskantale, Hingurana, Pelwatte and Sevanagala. Kantale
and Hingurana were fully governmeaivned mills. Up to their closure they were
never headed by professionals except for short stints. After they declined, Kantale
and Hingurana wre privatized and subsequently closed down due to poor
privatization processes in the 1990s. The other two are functional producing about
45,000 Mt of sugar last year.

Kantale and Hingurana, two of the four factories producing sugar had to be closed
down and the remaining two factorie@Pelwatte and Sevanagala) are facing a crisis

aAlbdzr GA2y RdzS G2 GKS 3I208SNYyYSyidQa | OlA2,

Underperforming Enterprises and Underutilized Assets Actwill affect the
sugarcane cultivations Pelwatte and Sevanagala that will result in a further decline
in the sugar production next year.
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Emphasizing the need to operate these sugar factories efficiently in a productive
manner, the need of the hour is to strengthen the private sector managgmith
A320SNYYSYyGQa NBIdzE I G§2NBE O2y UNRE > Andzi y2i
exampleis citedthat Pelwatte sugar under the present management has been able

to increase the crushing capacity from 230,000 Mt of sugar cane to 330,000 Mt and
produce 30000 Mt of sugar within a period of around six months. There was a plan

to cultivate high quality treated seedcane in 6,000 more ha in Pelwatte to further
increase production.

Although the potential for expansion of the industry exists, as Sri Lanka isnpoet

half a million tonnes of sugar per annum, the government is yet to create conditions
favourable for its development by enacting a Sri Lanka Sugar Act to regulate the
stakeholders, viz the farmer, miller and governmenactivities, Thegovernment
should accord high priority to revitalize the sugarcane industry, considering the huge
sum of around Rs. 41 billiopent on sugar imports annuallifhere is a substantial
ready market locally for sugar if matching mill capacities are available. Oqly 20

of sugar consumption in the country is produced by Pelwatte and Sevanagala. The
rest is imported at a huge cost of foreign exchange to the country.

Sugar prices in the past were dominated by the subsidized sugar produced in the
European Union which exped sugar below the cost of production due to their
favourable government policies. However since the World Trade Organization (WTO)
came into being after successive rounds of negotiations these subsidies have been
dispensed with and the era of cheap sithsed sugar is over. Furthermore the
largest producer in the world market, Brazil has increasingly begun to convert its
sugarcane to Ethanol as a motor fuel. This has lead to the world price of sugar rising
by more than 100% during the last few years dhid trend is likely to continue in

the foreseeable future. This means that Sri Lanka is nhow exposed to the upward
movement of world sugar prices.

3.4.2 Current Cogeneration Situation

Many industries in Sri Lanka generate steam at a pressure of about 5 to X6rbar
process heat applications. The steam outputs from these boilers vary from about 1
ton per hour to over 10 tons per hour. While some of these boilers operate only for 8
hours per day, many boilers operate continuously for 24 hours per day. As the cost
of biomass fuel is less than halfe cost of petroleum fuels, many of these boilers
use biomass fuels.

In Sri Lanka, the Sri Lanka Sustainable Energy Authority and the Ceylon Electricity
Board (CEB) have formulated a scheme, where any renewable enespd ba
electricity generation, including biomass, could be sold to the CEB at the price
specified in the Standardized Power Purchase Agreement (SPPA). For biomass based
electricity generation, the present price applicable is Rs. 20.70 per kWh. This may be
compared to the price charged from industries for electricity consumpticarasind

Rs. 14 per kWh. Hence by selling this electricity to the CEB, the factory would make
financial gain.

Moreover, under the SPPA, CEB is obliged to purchase all the elegieicgyated by
the producer. There are no penalties imposed for variations in the rate of output of
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3.4.3

3.4.4

3.4.5

electrical power (provided it conforms to the required voltage and frequency and
other specifications).

By introducing this technology, the industries pretgrgenerating process steam
could obtain additional revenue by the sale of electricity to the CEB. The additional
fuel cost incurred for the generation of electricity will be very small compared to the
price paid by the CEB for the electricity.

Cogeneraton Potential

There are three installations in Sri Lanka where this technology is practiced. Two of
these are very old and were compelled to adopt this technology as in these specific
locations at the time these industries were established, the nationaitedgty grid

was not avdable in these locations. Moower, these industries are both sugar
factories using bagasse generated in the factory itself as the fuel in their boilers. This
being the practice all over the world, it was natural for these twdadaes to adopt
cogeneration. The third is an activated carbon plasing very low pressure (1Bar
steam for their processlhe factory used a steam boiler capable of delivering 10 bar
saturated steam. Hence, the engineers at this factory decided to fie@mosupper
heater and a back pressure turbhadternator and generate some quantity of
electricity. The cost of retrofit was recovered in a short period.

Institutional Facilitators

The Sri Lanka Sustainable Energy Authority and the Ceylon Electriity (B&B) is
providing institutional facilitation by formulating a scheme, where any renewable
energy based electricity generation, including biomass, could be sold to the CEB at
the price specified in the Standardized Power Purchase Agreement (SPPA).

Gowernment Initiatives and Legal Frameworks
The following situations prevailing in Sri Lanka nmhlketechnology applicable here:

1 Government Policy to generate at least 10% of the electricity through Non
Conventional Renewable Energy sources by the year 2a0i520% by the
year 2020.

1 An attractive power purchase tariff for biomass based electricity well above
the selling price of electricity for the industrial sector.

1 A suitable multipurpose tree (Gliricidia sepium) has been identified as a
suitable tree fo the production of sustainable biomass fuel. This tree has
been declared as a plantation crop.

Biomass fuel is the most dominating fuel (nearly 80%) for the generation of heat in
the industrial sector. The primary reason for this preference by the imghssof this

fuel compared with petroleum fuels is the low cost of this fuel. Many industries

already use biomass fuel fired steamboilers to generate industrial process heat.
Introduction of cogeneration technology amounts to an extension of the existing

system.
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3.4.6

3.4.7

3.4.8

The high cost of labor, electricity and petroleum fuels are compelling industrialists to
lookout for all possible means of increasing revenue and reduction in expenses to
make these industries viable.

Barriers and Constraints

At present, the Sri Inka Sustainable Energy Authority and the Ceylon Electricity
Board (CEB) are sponsoring renewable energy based electricity generteny
attractive price at over Rs 20.70 per kWas been offeredor electricity prodution

for cogenerationrcompanies.

There are three installations in Sri Lanka where this technology is practiced. Two of
these are very old anthe thirdonehas beemetrofittedto cogenerate electricity.

Cost Benefit Analysis

Cogeneration has been practiced in many parts of the world fanyrdecades. In Sri
Lanka this principle has been practiced to a very limited extent. Presently there are
three installations in Sri Lanka where this principle is practiced. All these three use
biomass as the fuel.

There is doubt about the technical febsity of using this technology in Sri Lanka.
Practical and economical aspects of this technology need demonstration in an
industrial environment. The economic aspects has become a reality with the
introduction of government policy on generation of elecity and the introduction

of an attractive Standardized Power Purchase Tariff for biomass based electricity
generation.

The implementation of this technology in the industrial sector would enable these
industries to earn an additional income by generatglgctricity as byproduct and
selling it to CEB at an enhanced price provided through the SPP tariff.

Recommendabtins

From the above narration on the development of cogeneration in SriLanka it is
recommended that the potential entities should be close te@h with the SriLanka
Sustainable Energy Authority (SSEA) and the C&mtricity Board (CEB)
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