Non-conventional oil & gas:
Options for North East India

o E[ Non conventional }
o fuel options

Non-renewable
Coal bed methane
Underground coal gasification
Gas Hydrate
Syn crude from Coal liquefaction

Renewable
Bio-fuel i.e. bio-diesel, bio-ethanol
Bio-mass gasification etc




9 ==  CoalBed Methane |==

Indian scenario

Gol has offered 26 blocks so far for coal
bed methane exploitation

Total area 13,600 sq km
Expected production potential:38 MMCMD

Nos. of wells drilled so far by different
operators : 200

Exploration phase has been completed in
3 blocks

9 == Coal Bed Methane |===

Indian scenario

Nos. of wells to be drilled in the next 5
years : 200

Production expected by end of current five
year plan : 6 MMCMD

Next round of bidding for 8 CBM blocks :
early 2009




¢ == CoalBed Methane |==

North East Scenario

One block from Assam is earmarked for
CBM exploitation in the next phase of
bidding in early 2009

Area is Makum, Ledo, Lekhapani
Very narrow belt : 1-1.5 Km by 50 km
Very high gas content

Vitrinite reflectance : 0.7 — 1.2

o E[ Under ground coal }
o liquefaction

UCG is a process to convert un-
mineable underground coal/lignite into
combustible gases by gasifying the
coal in-situ. Produced gases are a
mixture of combustible (carbon-mono-
oxide, hydrogen and methane) and
non-combustible gases. The gases
thus produced can be utilized as fuel
gas for power generation and as a
feedstock for liquid fuels and
petrochemicals. The mixture of
Carbon monoxide and hydrogen are
called, Syn-gas, and is the starting
point of Synthetic fuel technology. For
deeper Coal seams, UCG is the only
feasible technology for economic
exploitation




UCG: International ]
scenario

Former Soviet Union : The first field experiments in
the 1930s and the field production peaked in 1963.
The subsequent decline due to political changes and
from the discovery of large natural gas deposits.

Europe : Field test work Britain in 1949 and ran for
some ten years - followed up in the mid 1980s by
testing in Belgium, and a field trial in Spain in 1997.

United States :. Rocky Mountain test program (RMI) in
Wyoming, during 1987 and 1988.

Australia : In Chinchilla, Australia under development
since July 1999. Ergo Exergy Technologies Inc,
Canada (Ergo Exergy) has provided UCG technology

Other countries : China (some gas produced),
Thailand (feasibility studies) and New Zealand (limited
field testing).

[ UGC: Indian scenario ]

ONGC discovered large reserves of Coal at depth more than
600 m. In Gujarat alone such coal reserves are estimated to be
around 63 billion tons in Mehsana Ahmedabad block and 60 Billion
tons in Patan Tharad block.

ONGC has an MoU with Skochinsky Institute of Mining (SIM),
Russia for technical collaboration in Underground Coal Gasification
(UCG). Further, ONGC is in the process of finalizing a MoU with
Coal India Ltd., (CIL), Neyveli Lignite Corporation Ltd., (NLC) and
Gujarat State Petroleum Corporation Ltd., (GSPCL) for cooperation
in developing and applying this technology in various parts of India.

GAIL (India) Ltd has collaboration with Ergo Exergy
Technologies Inc, Canada, in February 2005 for prospecting coal
and lignite deposits for underground coal gasification (UCG) projects
in.




=0

[ UGC: NE scenario ]

OIL encountered thick columns of sub-surface coal seams
in a number of wells in Belt of Schuppen

As per a study carried out by CMPDI, the total coal
resources within a 90 sq.km area upto the depth of 1500m
is expected to be around 6 - 10 billion tonnes.

Apart from this, other coal bearing areas of North East may
be having good reserve of coal beyond mineable depth

Thus, North East has a very good potential for
underground coal gasification
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[ Gas hydrate ]
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[ Gas hydrate ]

National Gas Hydrate
Program for Coring/
Drilling/Logging/
scientific studies in
Indian offshore in
2006

Kerala-Konkan
Basin:

- One site

Krishna-Godavari
Basin:

-15 sites
Mahanadi Basin:
Four sites
Andaman Islands:
-one site

Total ~21 Sites & 39
holes

[ Syn crude from coal: ]
International scenario

South Africa

Sasol Limited: Producing 7.0 MMTPA liquid fuel through indirect coal
liquefaction route.

(The coal is first gasified to form coal gas which is then synthesized
through Fischer Tropsh process to produce liquid fuel)

China

Shenhua Coal Liquefaction Corporation: Constructing a 4.0 MMTPA
commercial coal liquefaction plant on direct coal liquefaction route.
(Hydrogen added to coal to form hydrocarbon at high temperature and
pressure)




i Eotential of NE coal for quuefactio%

North-east coal — a source liquid fuel
NE coals are ideal candidates for direct conversion to liquid fuel due
to special properties like - Low ash 2 to 10 w%, high volatile matter
40 to 45 w% and high sulphur 1.5 to 6.0 w%
Not suitable for industrial use due to presence of sulphur.

| NE has proven Coal Reserve | |||]|::> -

OIL’s goal:

* Develop coal liquefaction capability
* Develop technology for the future

* Convert underutilized coal of NE

* Potential for generating
200 MMT of liquid fuel.

» Supplement country’s
fuel requirement

Alea Proven

Assam 314 59

Alutiachal

(Napichik) 8128

Meghalaya 117.88

Nagaland 3.43

Total 467 08

[Coal Reserves of N E States }

Indicated \Inferred  Total

2683 2401 - 37543

1589

40 89 300,71 450 43

10918 35883 93509




[ Genesis & Basic Research }

OIL carried out in-depth studies regarding
conversion of various shales and coals from NE
India into liquid fuel and found that the high
sulfur, low ash bituminous coal of NE India is
quite amenable for liquefaction.

OIL had embarked on coal liquefaction project
based on HRI's Coal oil co-processing
technology and set up a 25 Kg/day pilot plant in
Duliajan, Assam.

[ Coal Liquefaction Project }
(N E Coal)

Liquid Fuel

North East Coal

LIQUEFACTION
(HT & HP + Catalyst)

HIGHLY SUITABLE FOR ’
CONVERSION TO LIQUID

LOW ASH
HIGH SULPHUR
HIGH VOLATILES




[ OIL’s Coal liquefaction ]
Pilot Plant

Pilot plant in collaboration with HRI, USA
Coal processing capacity of the plant - 25 kg/day

Plant is equipped with ebullated bed reactor, high pressure pumps
and vessels

Highly sophisticated - process monitoring, control and data
acquisition with the help of PLC based control system

Plant commissioned in March 1999

Total cost of the project - Rs. 15 crores

[A view of OIL’s Pilot plant facility]




Process Flow Sheet &1 ##

170 Kg/cm 2

$$% 170 Kg/cm 2

[OIL’S studies on Coal to Liquids }

Study with Coal-oil Co-processing Technology of HRI, USA:

(presently known as Axens NA, USA)

Completed 4 test runs and a demonstration run in March 2001

Pilot plant results:
Coal conversion — 97%
Resid conversion — 86%
Desulphurisation — 96%
Denitrogenation — 76%

Excellent product quality ( gasoline having 27 to 52 ppm & diesel
with 50 ppm sulphur, meet EURO IV standard)

Due to non-availability of Vacuum Tower Bottom (VTB), the study is
not pursued now & decided to adopt coal-only processing
technology only.
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[OlL’S studies on Coal to Liquids ]

Study with CTSL technology of AXENS NA, USA:

Signed agreement in Oct 2002 and completed one test run in Feb 2003

Pilot plant results
Coal conversion — 99%
Resid conversion — 95%
Desulphurisation — 91%
Denitrogenation — 70%

Velryhgo)od product quality (gasoline having 373 ppm & diesel with 210 ppm
sulphur

Pre-Feasibility report indicates:
Coal requirement of 3.55 MMTPA
Capital investment of US$ 1550 million
To produce 1.50 MMTPA of liquid fuel

EIL carried out site-specific pre-feasibility study on CTSL technology
(completion date - March 2006)

[OlL’S studies on Coal to Liquids }

Study with HTI's Direct Coal Liquefaction (DCL) Technology:

Agreement signed on 12th Oct 2004 for pilot plant study with
Assam coal in USA and site-specific pre-feasibility study

Pilot plant operations with Assam coal in HTI's pilot plant facility has
been completed as part of pre-feasibility studies.

Report of pre-feasibility very encouraging, indicated good ROI
(16.3%), capacity of plant 44,000 bbl liquid, total investment cost
US $ 2.2 billion

Currently carrying out Feasibility Study, studies on coal gasification,
product upgrading etc. and subsequently updating the economics -
very essential because of high cost of investment to decide on
commercialization
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[ Project Milestones

(Technical Solution)

Technology Activity Results
Coal-oil Co-processing Pilot Plant Good
(Coal & refinery Commissioned Test | Conversion,
Vacuum Residuum) Runs & Premium
Feasibility Performed Product
Catalytic Two-Stage Test Runs &
Liquefaction Feasibility Performed
(CTSL) (Coal Only) - do--
HTI's Direct Coal Pilot Plant & Phase |
liquefaction Feasibility Study completed

[ Conceptual Commercial

DCL configuration

Captive Power Generation

Solvent De-ashing

Gas Purification

Direct Coal Liquefaction

Refinery Processes

Gasification Operations
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i [ Present status & Future Program ]

Phase | - Pre-feasibility study with CTSL and DCLte  chnologies  completed.

Phase Il - Feasibility study, DFR & Project approval
Process optimization test/process guarantee run to confirm liquid product yield and
quality.
Technology license agreement.
Basic and front end engineering.
Develop definitive project investment estimate and economics.

Project & financial approval, formation of owner’s team.

Phase Il - Construction of a commercial plant:
Detailed engineering
Procurement and construction

Start up and operation

¢ [ Challenges ]
Availability and assured supply of coal

Coal production enhancement from 1.1 to 3.5/4.0 MMTPA and
sustenance for about 25/30 yrs.

Clearances from MOEF (State/Central) for New mines in forest
area

Very high developing cost of mines (approx. Rs. 3700 crores)

Unorganised mining in the primitive fashion in Meghalaya by
small private miners. Many issues to be addressed for sustained
supply of coal from Meghalaya.
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[ Challenges ..contd. ]

Environmental problems

A commercial coal liquefaction plant has many
individual units, some of them may be very unique.
Maintaining environmental norms and quality in
respect of each individual units for gaseous, solid and
liquid emissions would be a challenge.

Environmental problems related to coal production
need to be addressed

[ Challenges ..contd. ]

Logistics and infrastructure development

Infrastructures like rail, road, waterways etc. in the
Northeast are not very developed. Lot of efforts would
be required to improve logistics and infrastructures

The commercial plant would be a pioneer
plant. Many problems and technological
challenges are expected.
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© [ Challenges “ﬁmm]

Capital intensive nature of project

Capital investment of a commercial coal liquefaction plant is very
high . A plant producing 40,000 barrels of liquid per day would
cost around US $ 2 to 2.5 billion. Government support is of
paramount importance before making such an investment and
for project viability in the event of sudden drop in international
crude oil price

¢ [ Conclusions ]

North East India has several options for non-conventional fuel
source like CBM, UCG, syn-crude from coal in the non-renewable
area and Bio-diesel and Bio-mass gasification in the renewable area

OIL carried out extensive studies for techno-economic feasibility of
conversion of NE coal to liquid fuel successfully and steps are being
taken towards commercialisation

CBM and UGC have good potential for NE India

Considering the weather, rainfall, fertile land and large nos. of water
bodies, bio-diesel from algal source may be a promising alternate
source for liquid fuel in North East India

Development and commercialisation of all the above technologies
will need major R&D thrust
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Thank You !

o
0
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? | sasollimited - South Africa |

Synthetic fuels & chemicals are produced from coal since 1950s.
Present production ~ 7 MMTPA.

No new plant came up with this technology but new plants are likely
to come up due to the present crude oil scenario and quality of fuel
produced from it.

Currently pursuing natural gas to liquid technology (GTL).

Collaboration with chevron and Phillips petroleum on commercial
plants in Qatar and Nigeria on GTL.

¢ [ Ebullated Bed Reactor }
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Q [ Shenhua Corporation # China]

China initiated coal and process evaluation since early 80’s

Three independent studies were completed on:
German technology (Yunnan lignite)
Japanese technology (Heilongjiang bituminous coal)

HTI USA’'s DCL technology (Shenhua low grade bituminous
coal)

Selected HTI USA’s DCL technology in 2002.
The Plant is expected to be in operation from 2008-09.

A 6.0 Tonne/day pilot plant has been constructed to study process
performance and gather experience on commercial type plants

¢ [ Project Milestones ]

.................................. . ..v

.*° «Phase - Il studies being
carried out comprising of
Process Optimization, Process
Guarantee runs, etc.

to
2002

« Coal-Oil Co-processing  °,

(Coal + Refinery Vacuum  °, . 4

Tower Residue) ° h
« Pilot Plant commissioned. 4
* Testruns & feasibility 2002 « HTI's Direct Coal Liquefaction

performed. ) 1o « Pilot plant operation & Pre-feasibility study
* Good conversion & premium 2004 « Phase — | completed.

products.

« Catalytic Two Stage Liquefaction (CTSL)
« Coal only test runs & feasibility performed
* Good conversion & premium products.
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Q [Rationale for Coal to Liquid Fuels}

Increasing

dependence on
imported crude

Increasing cost of
crude oil price

Dependency of imported crude
in 2006-07 was 76% and is
likely to go up to 94% by 2030

Crude price crossed US $
100/bbl from previous US$
60/bbl in 2005 - 06.

In 2006-07 import bill —
US$ 48.38 bn (Rs. 219029 crore)

Cost of import of such magnitude may have adverse impact on
economic growth and stability

Necessity to develop alternate
source of fuel

For self dependence and
energy security

of Crude Oil in India

o Demand, Production, Import Scenario }

Million Tonnes

1990

2000

Year

B Demand
@ Production
B Import

2010 2020

Source: Pachauri R. K, TERI, 1998
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Joint Task Force between ]
OIL & CIL

OIL was looking for partnership with Coal India Limited for coal supply and in setting
up of a commercial coal liquefaction plant in the NE India.

Encouraged by the results of the pilot plant runs and observing immense potential in
the project, CIL & OIL have formed a Joint Task Force (JTF) to take up
commercialization of the proposed project at a faster pace.

Joint Task Force formed by OIL and CIL (Coal India Ltd) is working on the study of
availability of coal and possibility of formation of JVC for coal production and
commercial plant

Action plan has been drawn to make coal available for the commercial plant. MOU
between OIL & CIL will be signed for assured supply of coal & formation of JV
companies.

JTF has held meetings with Govt. of Meghalaya, Arunachal Pradesh and Assam
recently to make coal available for the commercial plant

Formation of Joint Venture Company for Commercial Coal Liquefaction Plant is
being considered and JTF will work out the modalities of formation of JV.

Work association between ]
OIL & EIL

OIL is having work association with Engineers India Limited (EIL) for
technological feasibility studies in selecting the right technology for
setting up of a commercial coal liquefaction plant in the NE India.

EIL had carried out site specific Pre Feasibility study on the Coal
only CTSL process of M/s AxensNA, USA earlier in 2005.

EIL is also associated to take up commercialization of the proposed
project at a faster pace based on the HTI's DCL Process.

EIL is working on the Phase Il of the project — process optimization
studies, interpretation of pilot plant data, conceptual design and
overall commercial configuration of the DCL plant.

OIL along with EIL is working on formulating a long term action plan
for activities required for speedy commercialization of the project in
the North East.
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[ Different routes to }
liquid fuel from coal

A: Direct coal liquefaction

Coal + Hydrogen i

Liquid fuel

B: Indirect coal liquefaction

Fischer Tropsh
process

Coal Gasification

Syn gas

Liquid fuel
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