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ABSTRACT

With nearly 58% of India’s commercial energy coming from coal and over 70% of total coal being consumed in
generation of electricity, India’s energy programme implies a continuing high dependence on coal.

To sustain India’s rapid economic development, currently at 9% per annum of GDP the demand of electricity is
set to increase. Present installed electricity generation capacity including captive generation is around 147,000
mega watt. It is projected to increase to over 800,000 mega watts by the year 2032.

Accordingly, India’s annual coal consumption is projected to increase from 460 million tonnes in 2006-07 to 730
million tonnes by the terminal year 2011-12 of the 11" Five Year Plan. It will further increase to 1,125 million
tonnes in 2016-17, 1,600 million tonnes in 2026-27 and over 2,000 million tonnes in 2031-2032.

With rapidly increasing consumption of coal and other fossil fuels, environmental concerns are becoming more
and more pronounced and hence the importance of introduction of Clean Coal Technologies in the entire Coal-
Energy chain.

Given its high inherent ash content, washing of Indian coal has been accepted as the first step on the “clean coal’
ladder. Power plants located in urban and environmentally sensitive areas are required to use coal with ash content
below 34%. In order to comply with this mandate, sizeable coal washing capacity has to be established. Cost
effective washing technology, high recovery of clean coal and environment-friendly disposal of washery rejects
are some of the issues receiving attention of the industry.

The paper discusses various important aspects of the Indian coal industry, like supply and demand, coal washing,
fly ash management, and steps taken for identification, introduction, adaptation and development of Clean Coal
Technologies in India including the required institutional structure and appropriate international collaboration
relating to the Clean Coal Technologies Roadmap that has been identified for future development for achieving
the ultimate goal of ‘near zero’ emissions.

1.0 INTRODUCTION

1.1 With one of the lowest per capita energy consumption in the world (513 Kgoe against the world
average of 1,651 Kgoe) and equally low per capita GDP (USD 2,670 against world’s average USD
7,804), India faces a gigantic challenge in providing adequate energy and sustainable infrastructure,
the two basic essentials required for achieving the targeted economic growth rate of 9% plus in GDP
terms to become a ‘middle income” economy by the target year 2020.

1.2 Electricity is the most common form of commercial energy used in India. Present peak demand is
100,715 MW and average peak shortage is 14 %. In terms of energy, the total availability is 690.59
billion kWh and the average energy shortage is about 10 %. Shortages are much higher in many areas
and many parts of the country including the metropolitan cities continue to face frequent power cuts.
Annual per capita consumption of electricity is very low at 606 units.

1.3 India’s Planning Commission has projected that while the contribution of oil & gas, hydro, nuclear as

well as renewable energy sources would substantially increase, but coal would continue to dominate,
contributing over 50% towards India’s commercial energy demand in the coming three decades.
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1.4 Ason April 1, 2007, the installed electricity generation capacity in India was as follows:

% age of Total
85,576 64.8

Coal 70,682 (53.5%)
Gas 13,692 (10.4%)
Oil 1,202 (0.9%)

4,120 3.1
7,760 5.9

Total 1,32,110 100

Note: In addition 14,636 MW of captive generation capacity is largely coal based.

2.0 FUTURE ENERGY DEMAND
2.1 In the report on integrated energy policy an estimate of country’s total primary commercial energy
demand for next 25 years based on 9 % annual economic growth in terms of GDP has been worked
out.

2.2 The following table gives five-year plan-wise likely growth in population, the estimated total primary
energy demand and the projected electricity demand for the same period:

Total Primary Commercial Energy Demand (TPCE)

Projected demand of electricity

. TPCE
Population (MTOE) | Total energy Peak demand Capacity
(Million) (Billion kWh) (GW) required (GW)

2006-07 1,114 389 774 109 155

Projected

2011-12 1,197 521 1,167 168 233
2016-17 1,275 684 1,687 250 337
2021-22 1,347 898 2,438 372 488
2026-27 1,411 1,166 3,423 522 685
2031-32 1,468 1,514 4,806 733 960

Source: Integrated Energy Policy Report of Planning Commission of India.

2.3 According to the Central Electricity Authority (CEA) an additional generation capacity of 78,577
MW has been targeted for the 11" Five Year Plan period 2007-2012. This includes 58,644 MW
thermal of which 52,905 MW capacity will coal based.

2.4 For the 12" Five Year Plan period 2012-2017, further addition of 82,200 MW in the generating
capacity including 40,200 MW coal based, has been envisaged.
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3.0 COAL - THE MAIN STAY OF INDIA’'S ELECTRICITY SUPPLY

3.1 Present installed electricity generation capacity (including captive generation) is about 147,000 mega
watt. It is projected to increase to over 800,000 mega watts by the year 2032. About 50 to 55 % of the
installed generation capacity will be coal based.

3.2 Correspondingly, India’s total coal consumption is projected to increase from the present level of 460
million tonnes per year to 731 million tonnes by 2011-12, the terminal year of the 11™ Five Year Plan.
It is projected to further increase to 1,125 million tonnes in 2016-17, 1,731 million tonnes in 2026-27
and over 2,200 million tonnes in 2031-2032.

3.3 About 70% of the total coal consumed in the country will go for generation of electricity and balance
30% will be used by iron & steel, cement and other industries.

3.4 Inadequate domestic availability and increasing demand-supply gap, is attracting serious government
attention. Present coal scenario can be briefly described as follows:

a

a

Over 90% of domestic production of coal is coming from government-controlled mines.

At present about 30 million tonnes of low ash coal is imported in addition to the

domestic production of 430 million tonnes.

Power utilities are the single largest consumer using 72% of the total consumption:

= |ron & steel -13% (including imported coal), cement - 5%

= Balance is consumed by a large number of other industries

The projected increase in the coal demand in next 25 years is given below:

Terminal year of Five

10"
11"
12"
13"
15"
16™

Year Plan period

2006-07
2011-12
2016-17
2021-22
2026-27
2031-32

Demand

460mt
731mt
1,125mt
1,390 mt
1,731 mt
2,221 mt

0 Unless the coal blocks allotted to private and public companies for development of
coal mines for their captive use are developed fast to yield the expected coal
production, a sizeable gap in demand and domestic supply would make large imports

inevitable.
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4.0 INDIAN COAL RESOURCES:
4.1 A brief overview of Indian coal resources is as below:
i Coal deposits in India are mainly distributed along the present day river valleys.

ii. Major coal deposits are confined to south and southeastern quadrant of the country.
iii. Coal deposits are of drift origin and high in extraneous ash content.

iv. There are 44 known coalfields located in the peninsular India containing 95% of total
resources.
V. Total estimated geological resource of coal, as on January 01’ 07 is 255 billion tonnes,

out of which about 98 billion tonnes is of ‘proven’ category.
4.2 Table below gives the state-wise overall resource position.

Coal Resources of India
(Ason 1.1.2007)

8,475 6328 2,658 17,461
31 40 19 90*
314 27 34 375%*
0 0 160 160
9973 27,035 4,442 41450
Jharkhand 36,881 31094 6,339 74,314
7,584 9259 2,934 19,777
4,856 2,822 1992 9,670
118 41 300  459*
4 1 15 20*
Orissa 17,464 30239 14,296 61,999
766 296 0 1,062*
West Bengal 11,454 11,810 5,071 28,335
Total 97,920 118992 38,260 255,172

State

Source: Geological Survey of India (* 0 -300 metres depth, ** 0 - 600 metres depth and all others O -
1200 metres depth).

5.0 COAL DEMAND & SUPPLY SCENARIO

5.1 As already mentioned, electricity sector is the major consumer accounting for about 72 % of total
coal consumption. Its demand has been projected based on the total generation capacity envisaged in
successive five-year plan periods.

5.2 The estimation of long-term of coal demand for other sectors, except iron & steel and cement, is
difficult due to factors like rapid changes in the relative availability and prices of different fuels as
well as the technological changes etc. The expert committee on integrated energy policy has
estimated the long-term ‘power demand’ and ‘non-power demand’ based on the growth projections
made by different agencies.
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5.3 The committee has made an assessment of the requirement of coal under different scenarios using
multi-sector, multi-period optimizing linear programming model. Three alternative scenarios
considered by the committee are:

0 Coal dominant scenario: with maximum coal based electricity.
o0 Maximum development of hydro, nuclear and gas based generation.
0 Low coal scenario: maximizing efficiency and contribution from renewable energy

sources.

5.4 Coal demand in the year 2031-32 estimated under the above-mentioned scenarios works out between
1.4 billion tonnes in ‘low coal’ scenario and 2.7 billion tonnes in ‘high coal’ scenario.

5.5 Based on various estimates one possible scenario of sector-wise demand of major industry groups has
been projected as given the table below:

Sector-wise Coal Demand in million tonnes

m 2005-06 § 2006-07 § 2011-12 § 2016-17 § 2021-22 ‘2026—27 ‘2031—32

Electricity (A) 310 5 1,040 1,340 1,659
43 43 69 105 112 120 | 150
20 25 32 50 95 125 | 140
53 51 01 135 143 158 | 272
Non-elect. (B) 116 119 192 290 350 403 562
Total A+ B 426 460 731 1125 1390 1743 2221

Notes:
o Figures for 2011-12 and 2016-17 are based on the Report of the Working Group for 11" Five
Year Plan and 2031-32 on the Integrated Energy Policy Report.
o0 Figures for intervening years have been extrapolated.
o0 Coal with a calorific value of 4000 K cal/kg has been taken as the basis of these estimates.

5.6 Based on a detailed exercise carried out by the Ministry of Coal, the following production/domestic
availability pattern has emerged:

Domestic Coal Production Plan for next 10 years

10"5 - Yr 11" Five Year Plan 12" 5-
Plan year Plan
Company 2006-07 2007-08 | 2008- 2009-10 2010-11 | 2011-12 | 2016-17
09
Actual Projected domestic coal production
CIL 361.02 384.51 411.36 449.49 482.38 520.50 664
SCCL 37.71 38.04 38.30 39.00 40.00 40.80 45
Other PSU 1.77 1.92 2.02 2.32 2.52 2.52 3
Tata St 7.04 6.50 6.50 6.50 6.50 6.50 7
Captive 17.52 23.93 36.22 47.09 73.00 104.08 330
Meghalya 5.79 5.60 5.60 5.60 5.60 5.60 6
All India 430.85 460.50 500.00 550.00 610.00 680.00 1055
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5.7 Taking into account the estimated demand of coal during next 10 years, a gap of 51 million tonnes is
predicted in the terminal year of the 11" Five Year Plan (2011-12). Gap in the demand and
availability gap for the terminal year of 12" Fiver Year Plan (2016-17) is projected as 70 million
tonnes. This gap will have to be met by importing coal.

6.0 COAL QUALITY ISSUES:

6.1 Due to their inherent nature Indian coal resources are high in ash content, varying from 24 to 50%.
Average ash content of coal used in power plants is around 38-40% and average heat value is of the
order of 3500 Kilo cal/kg.

6.2 In early sixties, the high ash content in the domestic coal was not very popular for combustion
particularly in power station boilers. As such in 1962 the concept of UHV was introduced for grading
of non-coking coals. UHV differs from the Gross Calorific Value (GCV) by a factor that can be
termed as ‘ash penalty’. Following empirical formulae have been used for determination of UHV.

o For high moisture coals:

UHV = 8900 — 138 (A+M) where ‘A’ and ‘M’ are ash and moisture at 60% RH and 40C°.

o For low moisture coals:

UHV = 8900 - 138 (A+M) — 150 (19 VM) where A, M and VM are ash, moisture and volatile
matter percentages as analyzed at 60% RH and 40C°.

Note: 2nd formula in effect means 1st formula minus 150 Kcal reductions for each 1% reduction
in VM content below 19% fraction prorata and is applicable for coal with moisture content
below 2% and volatile matter content below 19%.

6.3 For pricing purpose, thermal coals are graded into different grades namely ‘A’ to ‘G’, based on their
ash and moisture content. In case of coking coal the grades are based on ash content. Government is
working on switching over gross calorific value based grading system.

Grades of non-coking coals

Useful Heat Value in Kilo cal/kg
> 6200

> 5600 and < 6200

> 4940 and < 5600

> 4200 and < 4940

> 3360 and < 4200

> 2400 and < 3360

> 1300 and < 2400
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Grades of coking coals

Ash content (%)

Steel grade | <15

Steel grade 1l >15and < 18
WESQHETAAS [ CH I > 18 and < 21

WESICIA ORI > 21 and < 24
WESQHETYAECRIIE > 24 and < 28

WERICIACOERAA > 28 and < 35

6.4 An over view of the overall quality of Indian coal production can be seen from the following table:

Overall quality of India’s domestic coal production (in million tonnes)

Grades (N 03]

T g [ co ere

31.39 375.61 | 26.32 | 92.67 | 256.62 | 407.00

2005-06

2004-05 30.22 352.39 | 26.08 9456 231.75  382.61
2003-04 29.40 331.85 | 25.97 @ 9348 21240 361.25
2002-03 30.19 311.08 | 25.24 | 86.46 | 199.38 = 341.27
Increase in % 3.97 20.74 | 427 7.18 | 2541 19.26

6.5 From the above figures it can be seen that while total production of coal increased by about 21%
during the four-year period (2002-06), production of inferior grades had increased by more than 25%.
With this trend continuing future production mix will have increasing proportion of inferior grades of
coal.

6.6 This underlines the need and the importance of beneficiation of thermal coal in India.

7.0 COAL WASHING SCENARIO:

7.1 Present scenario in respect of cleaning of coal can be described as follows:

i Over 80% of coal produced in India being mined from mechanized open pit
mines and ‘out of seam dilution’ is high. In coming years the over all quality of
the product will further go down with inferior grades of coal contributing more
towards total production.

ii. Multiplicity of supply sources in many cases further adds to the problem of
inconsistency in quality of coal.

Power plants that are getting coal of high ash content, inconsistent in quality and
size face various operational problems. These problems as well as the economic
benefits of using coal with lower ash and consistent quality coal in thermal
power stations are well recognized by all concerned.

L-5-7



Clean Coal Day in Japan 2007

Vi.

Vii.

While entire quantity of metallurgical coking coal is washed to bring down the
ash content to below 17 % before supply to steel plants, the question whether “to
wash or not to wash” coal for power plants has been debated since 1978.

Pending consensus on the issue government has mandated use of coal with ash
content below 34% in power plants located beyond 1000 km from the coal
supply source and also for those located in urban and environmentally sensitive
areas. This was enforced from 1% June 2002.

Present total installed coal washery capacity in India is about 25% of the total
domestic production on coal. While there is 100% coverage in case coking coal,
only about 22% of the thermal coal is washed.

The ownership-wise number of coal washeries and their installed throughput capacity are
given below (as in July 2007):

Present installed coal washing capacity
(Source: Ministry of Coal)

Coal India 12 (20.10) 7 (20.20) 19 (40.30)

SAIL 2 (3.50) 0 2 (3.50)
Tata Steel 4 (6.42) 0 4 (6.42)
Others (pvt) 2(2.35) 21 (50.15) 23 (52.50)
Under Const 0 3 (16.50) 3 (16.50)

(Private)
21 (32.37) 31 (86.85) 52 (109.22)

Total

Note: Throughput capacity in million tonnes/year is given within the parenthesis.

7.2 Coal consumers’ main concerns are inconsistent quality, mismatch between designed parameters and
actual quality and its impact on power plant performance.

7.3

7.4

A number of committees set up by the government between 1978 and 2003 have recommended
washing of coal for supply to the power plants. Pending a consensus on the issue, the mandate to the

power plants located beyond 1000 km from the coal supply source and also those located in urban

and environmentally sensitive areas to use coal with ash content below 34% was enforced from 1%
June 2002.

In the last 5 to 7 years a number of private washeries have been set up to wash coal on behalf of the
power plants. Further, to help establishment of more washery capacity under ‘build-own-operate’
(BOO) mode as per the “‘declared’ policy of the government the coal companies are supposed to
provide all facilities like land, water, electricity, access road, railway siding, site for dumping rejects

etc. under mutually agreed terms.
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7.5 Since the mandate of using coal of below 34% ash content places the entire responsibility on the
power stations for the ash content in the coal they should be using this, has not proved to be
conducive to large-scale establishment of coal washeries.

7.6 Lack of clarity of action on disposal rejects produced from the washing process and various other
unresolved commercial issues have been coming in the way of development of required coal washing
capacity.

7.7 Recently, Coal India Ltd. has declared that the company will set up some 80 mine-mouth washeries
with an aggregate capacity of over 200 million tonnes. CIL is expected to invite global bids for
setting up these facilities.

7.8 This policy once implemented will hopefully result in resolution of all outstanding issues including
environmentally safe disposal of rejects or tailings from these washeries. These materials can safely
be disposed off in the mined out areas.

7.9 Besides CIL, the power utilities, other coal consumers and private developers will also set up coal
washing facilities under the declared policy of the government.

8.0 CLEAN COAL INITIATIVE:
8.1 Historical:

i Domestic coal has been the main source of primary commercial energy in India from late
sixties.

ii. Massive coal based power development programme was taken up in early eighties. Since
then, the capacity addition has been increasing gradually.

iii. There has been a gradual up scaling of power plant boiler parameters from 30 MW to 100
MW unit size (Turbine steam pressure of 90 Kg/cm?; temperature 535 C°) in 1970s to 500
MW unit size (Turbine steam pressure of 170 Kg/cm?; temp. 538 C°). This has further gone
up to 660 MW unit size with steam pressure of 247 Kg/cm? temp and temperatures of
535C%566C°) in case of units now under construction. Further up scaling of unit size to 800
MW with super critical steam parameters has been planned with 4000 MW capacities at a
single location. At least 6 such Mega Thermal Power Projects are expected to be in operation
in coming 5 to 8 years.

iv. On the up stream side (pre-combustion stage) with a view to reducing the ash content and
also for ensuring uniformity of quality, washing of coal is undertaken.
V. NTPC has taken major initiative to mitigate emissions from thermal power plants. For this

purpose a facility called Centre for Power Efficiency & Environmental Protection
(CenPEEP) was established in 1994 under a bilateral agreement between the Indian
government and the US Agency for International Development (USAID). The Centre
functions as a Resource Centre for acquisition, demonstration and dissemination of state-of-
the-art technologies and practices for performance improvement of coal-fired power plants.
This approach has brought significant benefits to the power plants and helped in reduction of
greenhouse gas emissions.

Vi. Similarly, in iron & steel industry through persistent R & D efforts a number of technologies
have been developed and adapted and results achieved have been significant by way of
reduction in coal consumption per unit of output. Cement industry has also achieved similar
results through in-house research and development work.

vii. In addition several R&D and pilot projects undertaken by BHEL and various central
laboratories have helped create awareness on CCT and resulted in several R&D initiatives
both in R&D institutions / industry and helped better use of Indian coal with emphasis on
emission reduction and control.

8.2 Implementation of Clean Coal Technology Programme
i In the context of sustainable development, considering the future scenario of more
than three fold increase in coal consumption and the resultant emissions in early

thirties, development of clean coal technologies assumes greater significance.
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ii.  Furthermore, when we perceive of ‘low carbon’ path for sustainable economic
development it is not difficult to visualize as to how steep the climb would be in the
given scenario of technological and financial constraints.

iii. It has also to be recognised that the per capita consumption of energy in India is
amongst the lowest in the world. In order to achieve the targeted economic growth for
providing the basic human needs and quality of life India’s energy consumption is
bound to increase steeply.

9.0 CLEAN COAL TECHNOLOGY ROADMAP:

9.1 With its relatively comfortable resource base compared to limited known oil & gas resources COAL
is the obvious, affordable and sustainable choice for generation of electricity. Therefore India’s
power development programme is heavily dependent on coal and its quality is an important
parameter that influences the performance of the power stations.

9.2 Based on open-house discussions on the Study Report, the following roadmap for Clean Coal
Technologies has been drawn:

Ongoing and near term or < 5yrs:

= Coal beneficiation, improved recovery, lower cost, rejects disposal etc.

= R & M for improvement in power plant performance.

= PFBC; super-critical power plant boilers, IGCC (demo-unit).

= Enhanced energy recovery from coal: CMM, CBM and UCG etc. (demo scale)
= Coal liquefaction (Pilot scale)

Medium term or 5-10 yrs:

= |GCC, PFBC, Ultra-supercritical power plants

= Enhanced energy recovery from coal: CBM, UCG (commercial scale)
= Coal liquefaction. (Commercial scale)

= Zero Emission Technologies (ZETSs) (pilot scale).

= Carbon sequestration pilot scale.

Long term or > 15 years and beyond:

= Zero Emission Technologies (ZETs) — commercialization.
= Carbon sequestration (commercial scale).
= IGFC, Hydrogen fuels from coal.

9.3 In order to institutionalize the implementation and monitoring of the Clean Coal Technology
programme, establishment of a multi-institutional and multi-disciplinary ‘Clean Coal Technology
Centre’ with following broad objectives has been envisaged:

= To identify and pursue coal related R&D programmes and major development and
demonstration projects.

= To ensure no programme gaps, to minimize overlaps across institutions and to accomplish
more than what is required for validation and confirmation of results.

= To foster leveraging of project investments and expenditure by networking and collaboration
with international community working in similar areas.

= To provide a conduit for advice to government on what is practicable or otherwise in relation
to environmental law and regulations.

= To provide a platform for all stakeholders to pursue jointly policy issues, technology issues,
technology development and share the results to enhance their business prospects and meet
the Nation’s economic goals.
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= To provide required alignment with US-India FutureGen project and other similar multi-
country and multi-institutional projects.

9.4 Recommended technologies for the future development:

Future development and adaptation programme of clean coal technologies will inter alia focus

on:

iv.

Development of cost effective cleaning of coal, maximising recovery of clean coal and
environmental friendly disposal and/or utilisation of washery rejects.

Reducing SOx, NOx & CO, emissions to meet international expectations &
standards.

Maximising energy extraction from coal through:

a) Improvements through renovation and modernisation of old PC fired
boilers.

b) Circulating fluidized bed combustion for reducing SOx, NOx emissions

¢) Indirect combustion through coal gasification and power generation using
gas turbines

d) Up-scaling of sub critical steam parameters to supercritical parameters
and further to ultra super critical parameters

Identified clean coal technologies are:

a) Super critical boilers

b) IGCC

¢) Oxy fuel Combustion

d) Coal Bed Methane, Coal Mine Methane (large scale applications)
e) Underground Coal Gasification

f) Emission control techniques

g) Coal to liquid and Gas to liquid

h) CO; sequestration

i) Hydrogen energy.

These technologies will ultimately lead to near ‘zero emission’ generation of electricity.

10.0 DRIVERS FOR CLEAN COAL TECHNOLOGY INITIATIVE IN INDIA

10.1  In India the need for Clean Coal Technologies arises from three basic requirements, namely:

a)
b)

c)

Economic: oil, natural gas and other fuel options are more expensive compared to
domestic coal providing a cheaper options and better value to domestic economy.
Energy security: it reduces over dependence on imports and domestic coal resources
can be tapped.

Environment: lower CO, emissions and CO, sequestration becomes a viable option.

10.2  Accordingly, following are considered as the main drivers for Indian clean coal technology

initiative:

a)
b)

c)

d)
e)

Future energy demand-supply scenario is heavily dependent on coal.

India is the third highest coal consumer in the world and will maintain its position in
coming 40 to 50 years.

Compared to hydrocarbon resources coal is the most abundant, sustainable and
cheapest domestic fuel for power.

Increasing coal usage particularly in power industry will increase CO, emissions.
Efficiency in utilization of coal is critical for conservation of resources, cost
effectiveness and environmental acceptability.
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11.0

f) Conventional technologies have limitations.

g) CCTs are required for improving efficiency and performance in the integrated Coal-
Energy Chain.

h) Global climate change concerns arising from increased consumption of coal and other
fossil fuels are also to be addressed and steps initiated and actions taken well before the
problem becomes unmanageable requiring massive economic and technological efforts
to deal with the situation developing out of lack of timely action.

MANAGEMENT OF FLY ASH:

11.1  Due to high ash content in coal, currently about 125 million tonnes of fly ash is being
generated annually at various power plants in India. The annual quantity of ash generated by
power plants is expected to be about 170 million tonne by 2012 and 225 million tonne by 2017.

112 Till early 1990’s, fly ash had been considered as a “Polluting Industrial Waste” and most of
it was being dumped in the ash ponds. Very few utilisation areas of fly ash were known.
Considering the need for safe disposal and gainful utilisation of Fly Ash, in 1994, a ‘Fly Ash
Mission’ was commissioned under the Department of Science & Technology (DST) as the Nodal
Agency and Technology Information, Forecasting and Assessment Council (TIFAC) as the
Implementing Agency with main focus on technology demonstration projects for promoting
large-scale adaptation of fly ash technologies.

11.3  Fly Ash Mission (FAM) [now known as Fly Ash Utilisation Programme (FAUP)], in
collaboration with other stake holder agencies including government ministries / departments,
public sector undertakings, industry, R&D institutions, academia, user-agencies etc has brought
to the fore the economic potential of the fly ash. The utilisation areas known earlier and the new
developments have been strengthened undertaking technology demonstration projects,
facilitating multiplier effects and creating awareness among the user agencies. The fly ash and its
products generated from a number of locations in the country have been analysed for various
technical parameters and possible harmful effects.

11.4  Main activities undertaken by FAUP are:

Identification of promising technology.

Technology commercialization.

Setting up of technology demonstration / confidence building projects.
Facilitate availability of Fly Ash.

Part financial assistance on soft terms.

Networking with potential user agencies.

Research & industrial infrastructure development.

Policy support to the government and the industry.

OO0OO0OO0O0O0OO0OO0O

11.5  The important sectors, where large quantities of fly ash can be utilised, include geo-technical
applications are:

o0 Construction of roads and embankments, ash pond dykes, reclamation of low- lying areas etc.
0 Manufacture of cement and concrete, building components (bricks, blocks, tiles, pre-cast
concrete products etc.
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11.6  Dam construction and other hydro sector activities, agriculture and related applications,
reclamation of wastelands.

11.7  Filling of de-coaled areas in underground mines, backfilling of open cast mines, construction
of haul roads, stabilisation of OB dumps and other mining sector activities.

11.8 Most of the above-mentioned applications of fly ash have been found to improve the
technical properties and quality of the end product, economic and eco-friendly. Another
important and potential utilization of fly ash is in agriculture related applications. Field
demonstration projects taken at more than 50 locations in varying agro-climatic conditions and
different soil - crop combinations supported with laboratory investigations have shown
significant increase in yields of edible part as well as biomass without any adverse impact on soil
health or crop produce because of any reasons including presence of trace and heavy metals and
radio-nuclides in fly ash.

11.9  In August 2003 the Government of India had mandated the use of fly ash in construction
materials like cement, aggregates, blocks, bricks, tiles etc. in all buildings and construction
works within a radius of 100 km of a coal/lignite based power plant. It is also mandatory for the
power plants to use only fly ash-based construction materials. Similarly, all agencies government
and private have to use fly ash in making roads, highways, bridges and other related construction
works.

11.10 As a result of these concerted efforts about 55 million tonnes of fly ash has been utilized
during 2006-07 in construction of buildings and works.

11.11 Table below gives quantitative break up of about 55 million tonnes of fly ash currently being
utilised in various applications.

Fly Ash Utilisation Areas 2006 — 07

S. No. Sector Utilisation (%)
1 Cement and its substitutes. 50
2 Land fills. 17
3 Cement and its substitutes. 20
4 Bricks and blocks. 3
5 Dykes. 5
6 Mine fills 3
7 Agricultural applications 1
8 Others 1

11.12 Some senior professionals of fly ash in the country to provide techno-managerial solutions
to almost all the issues pertaining to fly ash management have recently formed an expert agency
called Centre for Fly Ash Research & Management (C-FARM). As an independent agency
outside the Government, it would be able to provide custom made solutions even to the
individual problems.

11.13 The Mission Mode Programme has put in place sustainable systems in terms of technology
development, scale up, demonstration & confidence building, technology transfer and
standards/specifications & guidelines for large-scale adaptation. The Model can be replicated in other
countries producing large volumes of fly ash.
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12.0

ENHANCED ENERGY RECOVERY FROM COAL:

121

12.2

12.3

Coal Bed Methane:

a.

e

a

a

As an effort towards enhancing energy recovery from coal, Coal Bed Methane (CBM) is
now considered as an alternative source for augmenting the country’s energy resource.
With world’s fourth largest proven coal reserve, India holds significant prospects for
commercial recovery of CBM.

Prior to 1997, due to absence of proper administrative, fiscal and legal regime, CBM
E&P activities were limited to R&D only. After the formulation of the policy for
exploration & production of CBM by the Government in July 1997, CBM exploration
activity commenced in the country. Policy provides for attractive fiscal & contractual
terms, which are considered to be one of the best in the world, with freedom to work in a
free and flexible environment.

So far 26 CBM blocks (including 10 blocks allotted recently) covering an area of 13,600
sg. km have been allotted. CBM reserve in these blocks is estimated at 1374 BCM and
the production potential is estimated to be 38 MMSCMD. So far an investment of USD
150 million has already been made. In addition, one demo project under UNDP aegis is
in advanced stage of development.

Present status of CBM exploration and development is:

i.  Phase-l exploration activities in 5 blocks have been completed and Market
Survey & Pilot Assessment Phase (Phase-I1) is in progress. In the remaining 11
blocks, Phase-1 exploration activities are in progress.

ii.  The exploration activities have established encouraging CBM resources in some
of the awarded blocks. There have been significant findings in the eastern and
central part of India. CBM gas being flared in the test wells bears ample
testimony of the story of success.

Commercial assessment has been completed in 4 blocks. The total established reserves
in these blocks are 6.24 TCF. Commercial production of CBM in India is now a reality
and is expected to commence from 2007.

Coal Mine Methane and Abandoned Mine Methane:

Despite past failures of trial projects for drainage of methane gas in two underground
coal mines, both CMM and AMM are being pursued as additional sources of clean
energy from coal. With no definite estimates of methane resource available, the output
will not be of any great significance except that it will reduce CH, emissions that have
been going on unabated from various gassy coal mines.

Coal to liquid:

This is another clean coal technology area, which is being pursued vigorously. In the
northeastern region of the country coal deposits have very low ash content, generally
below 8% but sulphur is high ranging between 1.5 to 3.5%. Furthermore, due to difficult
hilly terrain coal transportation by rail to rest of the country is not easy. Oil India Ltd, a
government company oil and gas company engaged in exploration and production of oil
and natural gas in the region has taken up a research programme to carry out techno -
economic viability study for making synthetic crude oil from coal. A pilot coal
liquefaction plant has been set up at the R&D centre in Duliajan and first phase of study
has been successfully completed.
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In addition, SASOL from S. Africa is working on the preliminaries with Coal India Ltd
as well as with some private companies. They have approached the government for
allocation of a large size coal block for setting up a mine and CTL facility under captive
route.

12.4  Underground Coal Gasification (UCG)

a

Out of India’s total coal inventory of 255 BT only 98 BT are of proven category. A
sizeable percentage of these proven resources are not considered as exploitable due to
geo-mining limitations imposed by depth, steep gradient, too thin or too thick seams,
and inconsistency in continuity etc. Energy content of such reserve which otherwise are
not extractable through traditional mining methods can be harnessed by underground
gasification technology (UCG).

It has been estimated that only about 25% of the total proven coal reserve is extractable.
In addition there is a sizeable reserve of 123 BT of tertiary origin at great depth in
Guijarat area, all of which has to be exploited by UCG technology. Therefore, UCG
offers global opportunities to leverage R & D, share lessons learnt and best practices so
far established.

According to CISRO Australia UCG has been performed at over 50 sites since 1930s.
UCG operations were dominant in the erstwhile USSR and deeper UCG operations of >
600 metres depth were also tried in Western Europe.

Major environmental concerns relating to UCG are:

= Contamination of ground water.

= Possibilities of subsidence in case thick coal horizons are gasified under shallow
depths.

Viable solutions can be found to these problems through international partnership and
technical collaboration by sharing of knowledge and experience already gained at
various operating sites.

A number of Indian companies government owned and private are keenly working on
preliminaries for taking up UCG projects. GAIL a government owned company, which
is engaged in gas business and owns a vast pipeline network in the country has already
signed up with a Canadian company for development of a UCG project in a lignite basin
of Barmer area in Rajasthan. Other companies who are seriously working on UCG
projects are: ONGC, Reliance, Coal India, NTPC, BHEL, Neyveli Lignite Corporation,
GMDC, GIPCL, GSPC and Singareni Collieries Company.

12,5 Integrated Combined Cycle Gasification (IGCC):

In the context of high ash content Indian coals, after extensive R & D work as well as
trials conducted at BHEL corporate R&D division and Tiruchy based facility, it has been
proposed to set up a 125-megawatt demo unit at one of the existing gas based plant of
NTPC at Auraiya. Detailed project report for the proposed plant has been submitted and
discussions on technical points are under way between BHEL and NTPC. According to
BHEL this project is based on a homegrown technology developed for high ash content
domestic coal.

13.0 ECONOMY, ENERGY AND CLIMATE CHANGE:

13.1  Some of the important points that need mention are given below:

1)

India’s foremost priority is to achieve 9% economic growth so that it can meet the basic
needs of its vast population which is projected to increase to > 1.35 billion in 25 years or so.
This however, does not mean that environmental sustainability and climate change concerns
are being ignored.
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2) India’s future ‘Energy Vision’ is quoted below:

“To reliably meet the demand for energy services of all sectors including the vulnerable
households in all parts of the country with safe, clean & convenient energy at the least cost
in technically efficient, economically viable and ecologically viable and sustainable ways
considering different fuels and forms of energy, both conventional and non-conventional as
well as new technologies and emerging energy sources.”

3) Per capita CO, emission in India is among the lowest in the world. Present annual CO,
emissions are estimated at 1.0 billion tonne. These could rise to around 5 billion tonnes in
2031-32 (5.5 hillion tonnes in the high coal scenario and 3.9 billion tonnes per year in low
coal scenario). In per capita terms this works out to 3.5 tonnes (2.6 to 3.6 tonnes under
different coal scenarios) of CO, compared to 2004 level of over 20 tonnes in the US and a
global average of 4.5 tonnes in the same year.

4) Sufficient mitigation measures have been enshrined in the energy policy framework and
adequate emphasis is on development of clean sources of energy like hydro, nuclear and
non-conventional sources.

5) India is bound by UN Framework Convention Treaty on Climate Change and Kyoto
Protocol. Though there is no binding commitment on CO, emission reduction, India is
working with international community on various R & D for new technologies.

6) India is the first Asian country to join the US Government Steering Committee for
FutureGen Initiative for collaborative development of first emission free 275 MW coal based
power plant and is well represented in various international efforts like:

= Carbon Sequestration Leadership Forum (CSLF)

= Methane to Market Partnership initiative.

= International Partnership for a Hydrogen Economy (IPHE).

= |ndia is a full partner country in cooperative international R&D for International
Thermonuclear Experimental Reactor (IETR) project.

= |ndia has signed Charter of Asia Pacific Partnership for Clean Development and
Climate along with US, China, Japan, Australia and South Korea.

14.0 LONG-TERM ENERGY SECURITY:

141

Some of the important policies initiatives taken by the government for ensuring long-term energy

security and sustainable development mentioned below:

Accelerated development of coal industry through appropriate institutional, policy and legislative
reforms for promoting private investment in production and marketing of coal.

Appropriate mix of various sources of energy.

Institutional and policy reforms covering industry structure as well as regulatory mechanism for
the energy sector.

Maximizing the contribution of renewable energy in the overall energy mix and special thrust on
Hydrogen Energy.

Supplementing domestic resource base of coal, oil and natural gas by overseas equities and
acquisitions.

Encouraging international cooperation, regional and inter-regional, to get gas through pipelines
from across the international borders.

Augmenting supply and reducing consumption of total energy requirement through efficient
production, conversion, distribution and use of energy, development of efficient energy markets.
Accelerated development of nuclear power generation capacity through appropriate technologies
and required safety measures.

Enforcement of energy efficiency, and demand side management through implementation of
specific policies.

Appropriate R&D strategy covering all aspects of energy chain.
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Addressing the growing global concern about the climate change and availing
emission reduction credits under the Clean Development Mechanism (CDM) by
various eligible industry units and projects.

Following steps have been initiated for accelerated augmentation of power generation capacity:

Faster decisions on new projects and close monitoring of progress of implementation.
Establishment of large capacity Ultra Mega Power Plants each of 4000 MW near coal mines and
at coastal locations based on imported coal.

Establishment of Merchant Power Plants of <1000 MW by private developers coal availability
and access to transmission.

Special emphasis on higher efficiency in generation, transmission and distribution.

Up-gradation of transmission network and development of National Grid

COAL IMPORTS:

15.1

With rapid increase in coal demand and domestic supplies falling short, import of coal is bound

to increase. Briefly the coal import scenario has been as follows:

O 0O0O0

Imports increased by 84% in last five years.

Coking coal imports increased by 53%, power coal by 120%.
~ 51 mt coal to be imported in 2011-12 and 70 mt in 2016-17.
Factors leading to further rise in import of coal:

Steep increase in demand for electricity and likely shortfall in captive coal production.
Eight new coast-based Ultra Mega Power Projects are coming up.

Each UMPP of 4,000 MW capacity would need 12 MT of coal.

Time frame of commissioning of UMPPs is 2011-12 to 2015.

Order for two UMPPs, one mine mouth and one coastal already placed.

More large capacity steel plants are being set up.

NANENENENAN

CONCLUSIONS:

a.

b.

Coal is an important pillar of India’s energy security and sustainable development

Compared to hydrocarbon resources, coal is the most abundant, sustainable and cheapest
domestic fuel for power. As such the future energy demand-supply scenario is heavily dependent
on coal.

India is the third highest coal consumer in the world and will maintain its position in coming 40
to 50 years.

Coal demand is set to increase steeply from the present 460 MT to 731 MT, 1,125 MT and 2,221
MT in 2012, 2017 and 2032 respectively.

Coal washing has been accepted as the first step towards achieving clean coal technology goal.

In order to meet the demand and supply gap and also to usher in cleaner and more efficient coal
combustion technologies, large capacity of 4000 megawatt each (5 x 800 MW) ultra mega power
plants using super critical combustion technology and based on imported low ash coal has been
planned at 4 to 5 coastal locations. Other 3 to 4 similar units based on domestic coal will be set
up at mine mouth locations. These units are expected to be on-stream in next 5 to 7 years.

Environmental sustainability has been recognized as an important component of India’s growth
strategy.

Clean Coal Technologies are important in the entire coal-energy chain.
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A time-bound clean coal technology road map is under finalisation and steps are being initiated
to establish required R&D infrastructure to implement it by providing self-sustaining funding
mechanism under an autonomous institutional set up with the ultimate goal of achieving
emission-free generation of electricity.

R&D in energy sector is critical to augment our energy resources and also to promote energy
efficiency.

Implementation of IGCC technology is being put on project management route. BHEL & NTPC
are working together on 125 MWe IGCC project at one of the existing gas-based power plant site
of NTPC.

R & D in carbon capture and storage and other challenging clean coal technologies research is
being encouraged.

Besides the capacity addition for sufficiency of supply and adequate infrastructure for timely
delivery, the quality of coal is an equally essential and integral aspect of India’s energy
programme, which needs a strong commitment on the part of all concerned. In order to achieve
these coal producers, the consumers particularly the power industry and the government must
work out a viable solution to this long-debated issue.

Energy Coordination Committee under the chairmanship of the Prime Minister of India is engaged in
identification of actions that must be taken to fully meet country’s energy requirement and at the
same time taking care of its social, economic, fiscal and environmental impacts as well as global
climate change concerns.
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57 A% 10EMOHTCHREER2EZ 25 L. 8 11K 5 5 FaHH O ARAEE (2011~2012 4 ) 12

1L 5100 5 h DOFRF ¥ v IR TREREIND, B 12K 5 H FFTHE O f &R (2016 ~2017 4
5 TREERX Y~ 713 7000 T R TH D,
DT IR B0,

)T

6.0 REME

ZDOX v v S AREAC XL o TH

6.1 A ROAREFRIT, 24~50% & AKHyIZ DCTHDH, FBEITTHW D ARDOFEER T

#138~40%TdH v | FHFEEEIL 3,500KcaI/kg BETHD,

6.2 1960 “FARATH-, DDAy FENRITRFERARTESIEE KM TEeL, BEHOR
47Ti@ké% ﬁ%fiﬁﬂoto& A8 1962 E, UHV & W9 & 2 TN — %R D
SR EIE N S T2, URV TR 53 ~3F 1T o (ash penalty)] & FRIER 248500055 72 1 a5
B (GCV) & e o> T D, UHV XL F ORI 70 A E O TR ET 5,

O mEimoy K
UHV=8,900—138(A+M), Z = TA & M T RHUFERHEE)60%3s L Y 40°CIZIs1) 5K %)
L Th D,

-

O (KB R
HHV = 8%01%m+w wmmwm ZZT A, M, VM 1Z, RHFHXHEE)60%E KL
RA0CIZEBENTHIT LT-JK . HRMEWE O NN~ TV Th D,

. B2 DR1E, M Z A 03 19% Kt DILFE TVM 3 1% b 75 T FIZE 1
» 2% Kty CHATSEYE 2 2 19%

I FERE
DLV 6 150Keal BB E S = E 2 EHL THY, 5
Rt DLTIRNZ I TS = E R TE S,

WAL TWA, JFE

6.3 AEEIEE BIIZ, —RIRZ K7 E XL ONRDIZ IS W T A~G Dk

R D FERRILIK 53 %wawéoﬁWi\%ﬁ%%%ﬁk?é ERIIIHY AT LA~DEAT
[ZOWTHRETT TH D,

L-5-26



Clean Coal Day in Japan 2007

— & iR D F#R R R DFR

53 (%)

<

oF
3
’

Lk | AR FREE(Kcal/kg)
A 6,200 L v K&x\» PrREM S | 15 L /h &

5,600~6,200 SRAMER 11 15~18
4,940~5,600 BIR THER | 18~21
4,200~4,940 BIR THER 21~24
3,360~4,200 BIR TS I 24~28
2,400~3360 BIR THE®K IV 28~35

1,300~2,400

6.4 AV FIRAEESEKRIIBITDMEOMELZ TRITR LT,
A2 F HSEELEKICHEITH RE BEAL: 1005

#rﬁ&
R o

| 2005-2006 31.39 375.61 26.32  92.67 256.62  407.00
| 2004-2005 30.22 352.39 26.08  94.56 23175 382.61
| 2003-2004 29.40 331.85 25.97 | 93.48  212.40  361.25
| 2002-2003 30.19 311.08 2524 | 86.46 199.38  341.27
R, % 3.97 2074 427 | 7.8 2541  19.26

65  LELOT—ZnD, AROMRAREREIT 4 4:/H(2002~2006) THJ 21%IEM L TW 5 —F ., Kk
R OEFERIT 25%LL EHIINL TV D 2 ERNbnd, 29 LI IR, kLR
TIHERDOARLBEBEMT LD EEIBND,

6.6 LILEDZ LiFA 2 FRERICKT 2RO MBS JOBEREMEAZFAMHEIR L TV,

1.0 EROFIA

71 ERICETHIEAEDOT TV A B L TLLTFICRT,
i A2 Rz T o 3 KRR 855 X O Tout-of-seam dilution] 7> 5 FEH L 7= R D
80%uL ERIKS T D, S HICAK, FEERESRICZHD D IERROEIG ML,
ORI EIZE ST T 5T Th 5,

i ffAGTROBOEINE., ARMEDIESLSE LW ) EE & HIZBAET 5 2 L 3%,

i K THY, LB EEY A RXTEL2E2 0D DA REZIT ANDREATIL.
I LSRR MEICER TS, 29 LEMERH L Z L. &S HITEKS THREN
— B LI-AREYKIIBEEHTTHERT L2 L ORBEHIFIS L, BRESEITAMEICER
LTS,

iv JFEHRIZOWTIZT RTEER L, JK5% 17%AREIZ LT e TG IC863 2 D

L-5-27



Clean Coal Day in Japan 2007

WXL, BEATICEB T2 EARICOWVTIENEKR T XENE ) TRV OREN
1978 - Bikim & 7> TN 5,

v BIFIZZORICOWTHEEZGEL Z EARE LI £, ARMKBIES 1,000km LLE
%Ent%’%a%rﬁ 72BN L%Bm HRSCERBE ~ D BCJE 2N B 2 MU S FTTE 3 2 BT
WU, JKS) 3% AT DA IR D 2 BT T\ D, ZOmaiE 200246 A 1 H
N %ﬁ’rﬁﬁéhfh\éo

vi AV RICBT 28R LIGOBEOREEREIX., AROENKREEREDK 25%TH 5,
JEBHRIZ DWW T %@1%%%@r¢5 J7. —RRIT OV TIER 22% LoER LT
l/\faﬁlz\o

vi FTAAEZER O R T L ORREALEREE /) 2 F R IR 77(2007 45 7 A BER),

REDERKFRE
(Hih A BRA)

FTE {3 JEUBHER | — R ARt

Coal India 12 (20.10) 7 (20.20) 19 (40.30)
SAIL 2 (3.50) 0 2 (3.50)
Tata Steel 4 (6.42) 0 4(6.42)
< DAt (EA) 2 (2.35) 21 (50.15) 23 (52.50)
R (RH) 0 3 (16.50) 3 (16.50)
B 21 (32.37) 31 (86.85) 52 (109.22)

e By aPIZEE# L7=D13 100 5 k> A EZ2HALE T 508 3E ) Th 5,

72 AREEEDPBRVELZZFETHWDHIOIE, MEOIRXL &, Rt NT A —F LFEEOME
DOR—F, FEFRICHT DHETH D,

7.3 BUNA 1978~2003 FFOHAMICERE Lo EEOZ B AIE, BEMNICE S D ARIS®RK %
THoZLZ2BELTVWS, ZORMBEICOWTEEERGLZ L2 RB LI-EE., ARIELHBIR
226 1,000km LA EREATZIEERT, 72 b ONTHR T ERCEREE ~ DB A B 72 HUBUZ BT £ 3 %
FEEHATIZOWTIX, Ky 34% AR DA il 2 F55-51F 24375 2002 4F 6 A 1 H B HifT
INTW5D,

74  FaE®D 5~7 Ff], BEIHNICRD > GRRAITH R TEPERINTWD, X HIT, BUF
NIEH L IBORICE SO TR - BT - i 2(BO0) U CORIREE/N R 42 B+ 5 2 &
ZEMIC, AREICITHEZICE ST HH, A, BH, BUNER., $08, HR, 5
Pey U 7;& EITRCoOfEEE#RMIET 2 2 ENBEH ST LTV D,

75 K4y 34%AT D A R AEH A U= g ﬁ%#éﬁr@A (B9 2 2 EEN
AricBb iz &N, %%rib%mtﬂ*%fﬁﬁ ZEoT~ AT AIERH LTV D,

76 MEESNDERENEMMT D ETIZ, BKT A TEL DBERDLIZET DL
PYEREC 7R W RERC 2 O O F £ ER KRR TH 5,

7.7 fxir. Coal India Ltd.(CIL)IE[AI#:233 K% 80 # FTDRHL TR T2l T 5 TETHY .,
T OMMBERE L 2 & N BICET H LK LT, CIL IT3R TH ORI A 722 ARL
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ZITHo b0 Ebhs,
7.8 ZOEBBFEBRTNE, BR LGOI LIEALRIL Y, REABER DL T LS

@k\%%@é%%&@mEﬂ%&f%é%@k%ﬁéhéo%E%Eﬁi\%h%%%
i L 72 DI Z B T 50 b Th D,

7.9 CIL ®OIF), B, ZomoAamEESE, RIEABBEELRE L, BUNREDO HFEHIES
WTER LGEZERTLI D EEZLND,
8.0 #Y—>-a—J)L- A= FFT147
8.1 [y
i EANERIL 1960 FRBENL AV RIZBIT 2 —REETANLT—DOEERJF L 72> T
l/\éo

1980 AEARATHAT A IR K TIFEEE O KR 72 B RGBS PG S vz, FLk, BEA =
IR B ITHEINAR— 2 2 D TV 5,

=

i FEFORA TIZHETH7 A—=F HREIZHKELD>DOH Y, 1970 FRIZIT2=> |k
HHL 30~100MW(¥ — t/%%ngwm{ﬁES%@m%ot%wﬂsmMWw
~t/ﬁ RUE 170kg/em?, JREE 538°C)HIMLICE L TV 5, S LICHIERR T D=y

M. BB 660MW, ZR&UE 247kglem?®, JELEE 535/566°C & 7> T\ 5, SHITETZ,
BEERRKNNTA—ZTHD 800MW £ TAZr—L7 v 7L, 1 »TOREHT
4,000MW OFRERELZFEBTH5HE G H L, 29 LR KIIRE oy =7 b
Whiel b 6, A% E5~8FD ) LIHELRMT IRBLTH D,

iv PR (BRBE AT ERBE) CTIRIR 50 DARIEE L OMLE O¥— LD 7= IR IR 21T > T
%)O

v NWQ%/%kﬁ%ﬁﬂﬁjikﬁ% EATOPEHE 2 KT 5 KB/ 7 e =7 K
WD ATWD, ZO7ayxy hOjsh, 1994 FITiEA v REF & K EE R
T (USAID) & @ —[EMRFNT ISV TE DR B (R # & o & —(CenPEEP) & (T
mém Y& Lz, [Flt o & —3Eg ot LOEITORSG, 58, H &k E21T
VN AERKIFEEFTOMEREN LA BIEETERE X4 —L L TR LTS, 20k
RO EFEFICRERBEEL GO L, IREBHET A OHEHEHIFIEZ N> T

AV

vi [RIARIZ SR B PE 3 b Mkioe A 22 WF 2 PR JE 15 B A0l U TR O B O B3 £ 721308 IE 24TV
HAHALE 720 DA RIEE BEOKRR ERE R EZER L TE 7z, A MEE
AN T OWFZERATETE BN 208 U CTREBRORE R A2 2R L TV D

vi EDIEA, BHEL #0Z OMOREIFITNIT - 72 & F S ERFEREC/ A a v
F7aY=7 MZE->T CCT(Z U=y « a—)b « 77 ) aP=)Ik$ 5k A
DY FORERE U CHSCRKE & BEOR T TR T a Y =7 MR BED |
A v REROFERPEH EOHIR & i 2 BHE 2 HmTlEL TV b,

82 JU—ryea—j)b-Trav— 70l T ADFELT
i FHe e E A BfE T o ThiuE, 1930 FERFTPEICHRIEEENHAEL D & 3L
EHINIL, 2R E Lo THEHE LEMT 2 E WOk F U ANno b7 U —
voea—)b T P—REOEEMITRIBI LML TWV5,

i SBIC, MERFE] &V D A TRERIRBFREZRIT5L LTH, €O T VAR
FFOBANBIRAE T 25 2 X, ZOEIUEFICNER D TH D,
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i FRERIIFIC, A ROAD 1AM O VT —HEEN R REOKECHD 2
E bt w&fhi&%ﬁm HIZE L T2 RFMEZ K LT, AMOERH=—X
LI FVT 4 —F T TA T EMET DI, AV FOZR L —IEERITAET X
VoX o = YA AN

9.0 VY= :-a—)L-FH/0>—0DA—FKvv7J

9.1 BEDO AP LK ABRNRE SN TWDDIZE ARG RITITENEFREEN D |
FWEICHWAEIRE LTI O I ZM TRt rlRE RSB IRE CThH D, LB >TA RD
FEHBH IO RICKE KFELTEY . REIXZREBEHTOMREICHEL KIEFTEHERT
A—HTHD,

9.2 FHAEREBICHTIAROEHICKSE, 7Y —r ca—b T U —ZETLHUTF
DOu— vy TIMER STV S,
BER L UOEH(T b b 5 HEKH)
- 3B, BUEROM B, BRKREL, FEALS L
FEFTHREL E D 72 D DI 5
PFBC., M TEREITARA 7, IGCC(HEFE~=> )
FIROTFF—EILROLE : CMM, CBM, UCG 7¢ & (AEHIAR)
AIRDEAL( A 7 BB

FHi(F b h 5~104F)
- IGCC. PFBC. G IEFRE
FROT I —EIROSHE - CBM, UCG(HFEHIRE
A1 R DIRAL (S HEHLE)
Yoz vy a UEIREZET)( A 7 v M)
IRBEEFH(SA 7 N HE)

E#(T72bb 154 E)
-'Emiiyya/&ﬁamliﬁ¥m
1% S FHBH (B L)
IGFC. f1RH 6 DKFERE

93 ZVU—rv-ea—)b-TFr/uav—- -7l 7L 0FTEBLOREEHRET 720, LT
OHEZBHRL., ZHE8 - 208N oRbI 7 )=y ca— T my— -k ¥—]
nxiﬁ‘é CERFHEL TS,
(CBEHE T 2 MF7EBAR 7 0 7T AR L ONKBMRBI R EIE T 1w P = 7 b Ziki, e
%#60
70 7T AROREE G 72 < T RIT R 2B O BE A R/ RICH 2, RO
LR L OMER DT DI T L ENDH UL EDOMR A ZEKR T 5,
L5 %Tﬁﬁﬁélﬁw%k@X/FV T B X OREZED D Z T, vy
=7 F~OFEEB X OHOM R ZEES TS,
BREEIEHIHNZ B W TN RN TH 570, BRI OYIAEERTRONCE L, BUFFIZ
ByE #1790 R #1275,
TRCOFEBMBRENEELETEDL7 T v 7 r— %00 L TEORMBE, i
HAf BRI LR CHL Y flAx, ZOREREZILFTH 2 LIc L - T, FIEREBREDOFE
BEOUGE & [EFRE B EOEMRIZERNT 5,
KE FutureGen 7'u ¥ =7 MOFEBIOZLERM - 2K 7 e =7 M EDOMICHEL
SN D BRI 7 A RIS D,

9.4 AHBOBFEIENE STV D HAlT
JU—r e a—)b T ul—05%0OMRE XOEIE T 1 7T L TIERHIZEL T O A
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INEHE LD,

i B RICEN TR ITIE OB, FEREIROHF R, BRETIO S LUVEREEA
DIy FIRIE

i [EERA 2 17 & FEHEICE S LIS % SOx, NOxX, CO,EHIE DI

i PAFZ# U7 A ROz —HHEO R Kb
a) IR0 PCRBER 1 7 s L our ki & 5 k#
b) 11 B BRI BEIC L D SOX 3 L T NOX HEH B D il
C) AR AT ARIT K B B SE & TR 2 — B U FIH DI
d) HE ARG NT A —H DRBEFER T A —H~D, ESITBBIFER T A —HF ~D
AT —=)VT

v Bl V= a— T )R ROEEBY TH D,
a) @A A Z
b)IGCC
C) FR FR NIt
d)IRJE A & | JREEA X 2 (KRB IE H)
e) A ML T~ AT A4
f) BEH A & It
0) A IR L & RIR T Aok
h) CO, [ &
i) KFETRLF—

PLEOHEHMIIEENICIZ =T e v a V] OREBIZOBRBPDEIHEDTH D,

100 A2 FRIZBFRIY—2-a—)L-TH/0S—0OWEHAZ{RT BN

101 A2 RIZBFD27 ) —r - a—)Lb 77 )uay—0NENET, LTFO 3 SOERHRTER
MHAEEFNTWND,
a) RE  AMSOKRRT A EOBREHERREIZENRICEXTEMTHY . ERNREND
AR X2 CERNRF IR E 2MMEE 7257,
b) TRAX—REE : WM A~OIEKGFZEM L, ENREROBRNATREIZ 5,
c) BREE : COHEHEDINL. CO, [EE DI ATEE(L

102 Lo TA Y RIEBITA 27U —r s a—)L 57 ) ual—0RMA 2R 28k &
LTUTFREZLND,
) SHROTFIX—FHRLT I AFIRE LS ARIEFEL TN D,
b) A > RIIHHRE SMOAREEETH Y, ZDON1345 % 40~50 FfkEi 95 Has L

Th D,
¢) RALKFEERIZLERD L, ARIIRLEE TR AIGETHY . REHOEWNKEIE L
THROLEZMTH D,

dENEEEZTLETHARBEEEOEIMCE > T CO EHENEMT 2 RBLTHD,

e) BIHOMRE, BHXIER., BESHMEICE > THROFIHMEDIEFICKRE B E
R,

f) PEROEIMITITBHA RS 5,

0) WA LRz VX —#gH ) TR ML UGET HITIL CCT ARETH D,

h) fRE DM OILABREOTEE BN X - THIBR S R D Z &) i %Té%’*ﬁﬂ)éb“(%
D, 95 LEMEICORLT 20N H 5, MU 7RRER TOXULE R - 7272 DI/
REDHIEARRE & 72 > T LU E o 7RIS D12, #RERY - BIRRIIZET bawn
BHENEC D720, BENE T 2132 LR xR 2 Bihs U E 2 Eli 3 5 2
D5,
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1.0 2347y aDER

11.1 GARDIRGZNRENTZD, BEDA > RTIEEREBEINHAEMBLF 1E 2500 HF > D7 T4

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

7//1ﬁ%$LTmé FETDT T4 7T v aFRFEERIL, 2012 FFTIZH 1 E
7000 5 by, 2017 4EFE TICKI 2{8 2500 5 bl b & PSS,

1990 AERBTHATARDE T, 7I9A 7 v a3 EYZ gl & 2 pEEREIEY ) & RS,
FDIFEANEFIREGITEREIN TV, BRIEIT7 94T v a2 fHTE 55808 2<
DTN ULDHLNI 2> TR T=DTH D, 1994 H, 7747 v 2 DRZRIRNSy &
FFIH OVENEEZ % BHrEiiid 2 B & U, JiE & lRHnZ B 2(TIFAC) %
EITHBE LT 79 47 v vaIvya I BPEELE, Iy varyOERIFIZIAT v
2 B O KB 2250 2 R A - O DO EIE T 0 V=7 F ThHho Tz,

(7747 vvalyva (FAMIETEOLRIXI 7 74T v afIH7 v 77 A(FAUP)))
IO ERELRE . TRbLEFAIT. AP ORKEIE, UK, iR, Fl
%%ﬂ%@e&%ﬁb\7347yy;@%%mT EMEA O] B, HINERET m Y =
7 hMEERL, HEDEEAEEL, FHETMEICEBAERTIEICLoT, TNET
I TIZh > TWI=FI S ﬁ%%kbt@&@%? PR LRI L-ZOTH D,
Flo, AV FERNOSESERGITTRET L7 74T v aB X OEDERMESHT L,
SRR AT RN T A =2 B I OE 2 N8 EERAEZHL I L,

FAUP DM MT o le ERIEENIR DO L B TH D,
HEE AT DR

Heffr o gz

Feli D FEFEMEFRER T 0 Y = 7~ D
TIAT v 2 OFHAREME DILK

D B RN S T DAY 72 v
BAE R HETA L O v U — 7 Rk
MR L OREEA 7 7 OFFE
B3 X OB ISR 2 BOR 8%

O0OO0O0O0O0OO0O0

KEDT AT v aPNFATRERBEENMME TEH®RZ2 a8 LTU T2 552 &

NTE D,

O B, BBh. IREESGOER 72 E ok, (KN T

O AV b, a7 V—h BEEM(LH, Ty s, XA, XY A ars
U — M7 O o Bl

LD TR EKITE P OIRE), RS X OZF ORE R, o EA

BUNHE R SE OB IR X B ~D S, & R R FL~D S, ERE K O, H#5455(0B dump)
DEEA., FLEERI fé%@@mﬁ@

FRLIETZ7IAT v v 2O HEBEOIFEAEIL, REELOENFERL L OWE L, BiE
W, LB BREZBRLDODTICKETILDOTHLZ ENbIr->TND, 7794 T v ad
MR eE LTENLA TEERDITELEEESH TH D, SR EERBESMECH D 50 4 AT
uiw%%féiéiﬁi%& W ALY CEME L ZHMEE Ty s F e &

WZZEDOHIREE LT T TmERNERICL > T, RHESB LN, A~ ZADINHERENE L
<ﬁm#é Ll ENTWRBSL T IAT vy a | lMEBETHESCESR, Mg L
DEENTND EWVSEH)N D TEORESAERWICEZENE LD Z LiT—UenT
ERHL N0 T,

2003 4F 8 H. A ¥ NEURFIZ AR, IR Z M3 2 3BT 5 100km LIN D & 6w 2 @4t &
FITEZTEIIBWT, 7947 viadtBAL N BH, oy sy, Ly, AL
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Y OREEHIMIT S 2 L ahd Uiz, SLICREFMCKHLT, 7947 v va b
HESEEEH AN ORI 2 25 U 5 e L7, [RBRIC T C O BORFIRBES & ORI At
L. B, B, . COMORETFICT T4 7 vy a kT DI L E ML,

11.10 = 9 L72EFHRE ) o5, 2006~2007 FEEIZITEEY OEHR B L O THE TR L% 5500
T DT7I73AT wvraZfBATAZ ENTE,

11.11 FFIT., BELZERHBICHNONTWASA 7 I9A4 T v aB L% 5500 F o O ENRA
RLTEEHDOTH D,

75347y 1OFBASE  2006~2007 5

L% oL FIFHE (%)

7%"

1 A MBI OEORAM 50
2 + DN T 17
3 A MBI OEORH M 20
4 LB ey 3
S LEbs 5
6 LI~ FIE 3
7 RS 1
8 Z Ofth 1

1112 fgilt, 7947 vy aBFICELTUTEAED 5 D BEICHMTEHE EOMRER 24k L
TETA VY RENOHENR T 7AT v aBGMELN, 7747 v aifmEgmle s ¥ —
(C-FARM) &\ 9 A FR D RE SRR 2 3% 37 L 72, C-FARM 1B IZ)E S eVl AR & L€,
AR 7B L CHMB O RZ R TE 20 B2 65,

1113 79 AT vy allBlT s LI vyarFRoFa s 8 2k0, HifEE, 27—
T 7, SRR L OMEEHEERR . HATRBES, KEEEIL O 7= O O HAERB L O A KT
A IR EDRHR ARV AT ANEBL LTz, ZOHFKIT, REOT7IAT v anmBAEL
TWAHMOETHHHAETH D,

120 ARDIRILF—EINEBEORE

121 [RIE@A X v
a. AROTFRNLX—EINRZLETILIRAD 1oL LT, BE, EFOTRLX—EJR
ERETHORBE AT —HE L TREA X V(CBMIZIEEREE > TND, 1V
RIZHFRE 4G WO K2 MEEARERZH L TH Y, CBM OFEERIIIZIZR X
REENEE LN TV D,

b. CBM O#EAAPEIGENEX, 1997 FLARNZIFITEL, MBL, (EAICEET 28 0) 7o i 7403
FTE L TV Do T2 T2 OBFFEBHRE D A IZ TRE S LT e, BUR2Y 1997 4 7 A
CBM DA L OVEFEIZHEHT2BOREZRE LT-DOL, 4 > RENT CBM OFEES
B hE o7, ZOESRIIMER L OO E CAER SR ARME L. BB TR
RECIEX2ITOHEZ 52250 THY, HATRLERTZKEZHDLEEZD
o,

C. ZHETIT 26 D CBM XE(FITEY CTHMThiiz 10 K2 S8 E D ¥ CTohnTH
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D, ZFOREET 13,600km? 12 K5, ZOXE O CBM S &% 1,374BCM., IETE
AFERE /1L 38MMSCMD & HEE SN 5D, ZHE TIZT TIZ 118 5000 52K RL D&
DITOI TN D, &5 UNDP(EEPHFEE) O RO S &, HHFEATrY =7 b
VEBRFE N2 DA TIRIEIZE L T 5,

d. CBM DA L UBITE DB
i 5 XETY=—X 1 OWEFENTT LTEY ., WEHHER & O s Al B
(7 == XMPEATND, 75 11 KETE 7 =— X T ORETFEHETH T
b5,

i EEEENC LY, BYTXEDOWLS O TITA L CBM BIROFIENHER S
Nz, EERBEEDNHST-D1FA v FOFEHB LRGP RETH D, RERIET
CBM T ANRAZ TWD DN, BN Z KR T D+ 075l TH 5,

e. 4 XMW THEHENADTE-DOOFFMAPTZT LTS, ZOXBE CTHRINTZHREEEIT
6.24TCF TH D, A > FD CBMBEEAEITISRCHED LD L 7> TE Y, 2007 FE)»
HAEFERIEDO TETH S,

122 [RELA X 2 (CMM) & BEHL A & 2 (AMM)
a. 2 HEFTOHRIRILNO A Z o T AP L LD L LIEBEDOERT 1= 7 MIK
kD72 DD, CMM & AMM DO E L HIZBWTHLARICEDE S 15D 7Y
— TR L TCORFADFENTND, A Z R EIC OV THEE R 72 HE
EWX2WE DD, TOEEREIIIIFZERERLOIITRLRNEEZEZONDD, F
A REBICEDSEISERRIENOEZDZ ERLS ZNETHHENTE 2 CH, ©
PEHEHEA T 5,

12.3 ARk

a AREIIEZLY 1 O07 )=y a—)b T 7 uad—38THY, LR THD
HIZR B M T oIV TV D, A ¥ RAEBEBICAEE T D A RILKITIK 3 3 B BT ia 8%
K & IEFE RN DD, FRES DY 1.5~35% L @\, £ LW EE#Ech 57
D, AL ROZNLSNOHIRIZEE CHIRZmET D EIXR#ETCH L, BFOA
WMRIR T 23T % Oil India Ltd 13 = Dk DA 35 L KR 2 YA & EPEIC
BOMATED ., AR L ERRIENZEET 2 HITZ OV TR B 72 7 0]
BEMREZITOME 0 /T L& SE7=, £ L Duliajan ([ZFT1ET 5 [REEDOAF
TEBHR X —ICARIBEAbSA 0y R T T M ERE L, B3RO 1 BNk
I TLTWA,

b. X5IZET7 7 U Z® SASOL £t% . Coal India Ltd 38 L OEE D B2 & S M T
FeEIT> TN D, T L CHEFICR L, AL — F TRIZEB X O CTL(A R iAL) i 7%
IR T DO DO RBUARKEOEY TEROHTND,

124 AERHT T Z{K(UCG)
a. A2 ROARKBEIE 255BT @ 5 L EHE &I 98BT ([Cim X 72\, Linh 2 DOfEE
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1. Clean Coal, Building a Future through Technology, World Coal Institute London.
2. E COAL Quarterly Newsletter of the World Coal Institute, London.

3. G Viswaanathan et al, Recent Developments in High Ash Coal gasification in India, 2005
ICC&T Okinawa, - October 2005.

4. Integrated Energy Policy- Report of the Expert Committee (August 2006), Planning Commission,
Government of India.

5. M Karunakarareddy et al, BHEL’s Approach to Clean Coal technologies in India, India-Canada
Joint Symposium on ‘Zero emissions Technologies’ — Energy for Tomorrow, CHEMCON -
2006, 27-30 December, 06, Ankaleshwar, India.’

6. Official presentations made by R V Shahi on behalf of the Ministry of Power, Government of
India at various international meetings.

7. Proceedings of DST-BHEL Workshop on Clean Coal Technology Initiative — Roadmap for the
Future, 26-27 October’ 07, New Delhi.

8. P Selvakumaran et al, Integrated gasification Combined Cycle (IGCC), Advanced Clean Coal
Technology International Symposium 2006, Septembe5, 2006, Tokyo — Japan.

9. Report on Clean Coal Technology Initiative -An in depth study, Department of Science
Technology, Government of India.

10. Sachdev R K, Meeting India’s Energy Needs for the Next 20 Years, EWC Conference on ‘South
Asia’s Energy and Environment in a Global Context’ November 16-18, 2005 New Delhi - India

11. Sachdev R K, Clean Coal and Climate Change — Indian initiative presentation at the IEA-World
Coal Institute Workshop

12. Sachdev R K, Indian Clean Coal Technology Scenario by Japan - India Coal Presentation
Meeting, November 6’ 2006, New Delhi — India

13. Sachdev R K, Need for an Integrated Coal Utilization Policy for India International Coal
Congress & Expo 2006 (ICC&E 2006), December11-13’ 2006, New Delhi - India

14. Sachdev R K, Indian Coal Outlook — Economic Growth, Power, Steel & Resources Needed, IBC
Conference ‘Coal Markets 2007, Asian Hunger, 30-31 January’ 07, Singapore.

15. Sachdev R K, Clean Coal Technologies — Indian Scenario, CCT 2007, Third International
Conference on Clean Coal Technologies for our Future, may 15-17, 2007, Sardinia, Italy.

16. Topper John Dr., IEA Clean Coal Centre, Clean Coal Technologies: Global Scenario, 26-27
October’ 07, New Delhi — India.

17. Vimal Kumar - Mission Director, Fly Ash Mission, Government of India et al - Fly Ash
Management in India.

18. Verma V.S - Japan-India Energy Dialogue, Working Group on Coal, June 27, 2007 - New Delhi

19. Vision Coal 2025’ document of the Ministry of Coal, Government of India.

20. Web sites of Government of India — Ministries of power, coal, petroleum & natural gas,
directorate general of hydrocarbons etc.
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K4 R K Sachdev

Former Advisor (Coal) to GOl &
President Coal Preparation Society of India

Born on April 21% 1938, Mr. Sachdev got his First Class Honours
degree in Mining Engineering from the Indian School of Mines in
1962. He has to his credit more than 44 years of experience

in coal, mining, energy, environment and policy related fields.

He held many senior positions in the Indian coal industry and in
the Government of India. His last official position was Advisor
(Coal) to the Government of India.

Subsequently, Mr. Sachdev was associated with the US Department of Energy-USAID, India as an International
Energy Project Advisor on the Indo-US Clean Coal Programme. He also worked with the World Bank on the
Indian Coal Sector Rehabilitation Project on the Study of the Regulatory Framework in the Indian Coal Industry.

He worked as an Advisor with the Expenditure Reforms Commission constituted by the Government of India to
review the organizational structures of various government ministries and departments.

He has undertaken a number of energy, clean coal and environment related assignments with the Deutsche
Gesellschaft fiir Technische Zusammenarbeit (GTZ) GmbH, India. He has also undertaken study of some major
projects for the Ministry of Statistics & Programme Implementation, Government of India, in hydro-electricity,
petroleum & natural gas and irrigation sectors.

He recently carried out an in-depth study on Clean Coal Technology Initiative for the Department of Science &
Technology, Government of India.

He is the Founder President of Coal Preparation Society of India - a non-government and non-profit professional
body dedicated to a clean and environmentally acceptable coal-energy chain in India. He is a Member of the
Organizing Committee of the International Coal Preparation Congress. He is a Fellow of Institution of Engineers
(India) and Member, Mining, Geological & Metallurgical Institute, India.

He is working as an Independent Consultant in Coal, Energy and Environment related fields with focus on clean
coal technologies, coal washeries, policy framework, facilitating joint ventures & business development, and
acquisition of coal prospects with in India and abroad.
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