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About Essar ESSAR

. _________________ __________________________________|
Essar is a multinational corporation with annual revenues of US Dollar 35 billion, investments in Steel, Energy,
Infrastructure and Services, presence in more than 29 countries and more than 60,000 people.

METALS & MINING

INFRASTRUCTURE SERVICES
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Oil & Gas Resources Projects Shipping
2nd largest single location 2 bn tonnes of iron ore «  $3bn+ order book + 26 ships includes VLCCs,
refineries in India and UK resources 40 year lrack record and global capsize, supramax, bulk

¢.701k bpd / 34 MTPA 27 MTPA pellet capacity' operations carriers & tugs
operating refining capacity 7 MTPA: Minnesola, #2 largest equipment bank Aggregate shipping capacity of
¢.1500 retall fuel outlets USA in India 1.6mn (dwit)
1.36 bn boe reserve and 20 MTPA: Eastern India Ports Qilfield Services: 15 land ngs,
resources Steelmaking & Marketing o 1 semi submarsible offshore rig
- 14 MTPA sleelmaking capacily Ong of indie’s largest ports
ower {0 MTPA incia businesses BPO
3,910 MW operational capacity 4 MTPA Canada 5 major strategic locations on 37,000+ empl?yees
increasing lo 4,900 MW dthlargest single site globally the east and west coasts of 300+ 9'@' gllenls _
Large scaie assels in wost, 4 MTPA distribution capacity e 5 a8 CoNRIee

central and east India
Operating and in development
coal mines

Secured long term PPAs

300+ retail outlets across India

Ownership of key infrastructure
for EGF assels

104 MTPA operational capacity
194 MTPA planned capacily

Real Estate
Portfolio of 16mn sq.it. in
residential, commercial and
mixed use projects
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Why Unconventionals ESSAR

world energy consumption by fuel

quadrillion Biu World Energy Mix 2035 (EIA Data)
250 History 2010 Projections
28% B Petroleum
/ 27% M Coal
200
Liquids 349, Zoal 23% : :a!ural tiias )
(including biofuels Share of anewables an
150 — 98 world total Other Sources
Natural gas B Muclear
/150&,
100
Renewables
(excluding biofuels)
117 7%
50 e
- Nuclear
5%
0

1990 19I'35 20IIJO 20I05 20I1D 20I15 .'ZIJIEO 20I25 20I30 2Cl|35 20I40

Source: EIA, International Energy Outfook 2013
World energy consumption will remain heavily reliant on
hydrocarbon sources

« Oil & Gas (conventional and unconventional) would continue to have more than
50% of world energy mix

« The conventional resources are decreasing fast and discoveries are far and few,
so the trend for unconventional hydrocarbons is going strong globally.
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CBM — End use options ESSAR
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Hydrocarbon Plays ESSAR

Stable
Dewatering production
[P S—— ’_o«rw_‘
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g Methane
Water

Time -»

é Land surface
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Conventional \/

non-azsaosclated Coalbed methane

Conventional
associated
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Sandstone Tight sand —*

gas

. U.S. Energy Gas-rich shale
@9 Information
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Global CBM footprints ESSAR

Fusia Source: Oilfield Review
1,730 Tci

Alaska
1,087 Tcf - J

USA minus Alaska
m Tl

® CBIM activity,
past or present
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69 Coal Bearing Basin : activity in 35 countries
Global CBM Resource : 270 TCM (9500 TCF)




India CBM Progress
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(FH/R:Ii:r.c:/Shadolc[N)/ﬂ!S
CH/AE+GAIL4EIG 4TATA/Tatapani-Ramkola/458
‘ ' CH/AE+GAIL*EIG +TATA/Mand -Ralgad/634

Ri/Raliance Egy+RM]
+GPII/85(3,4)

/116854733 ws/omec ‘CIL/RG(N]/BSO
RI/RIL/BS{1,2) ‘ | | BT —
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/or'sc': ' ( WB/BP/Birbhum/248
f;sPéL,", ’ ' ‘ | 'I | WEB/GEECL/RG (/210
asm/\nd | '
|

. _' JKD/AE+GAIL+EIG +TATA/Rajmahal/269
\\\ \ JKD/ONGC +CIL/Jharia/es
\ JKD/ONGC+OC/Bokaro/$$

\

\

\ N\

X "JKD/ONGC+IOC/N.Karanpura(E)/340
\ \

'\\ JKD/ONGC/S. Karanpura/70

~ —ﬂ

hw-r 204

AP/Coal zasM

+Deep Ind/ \

k.Godavari (N)/§86! » A\ JKD/ONGC/N. Karanpura{W)/2¢67
\ | MP/Coal gazMart+Deep Ind/Singrauli/330

AP/Reliance Ener ". MP/Reliance Encrgy+RNRL+GPIl/Sohagpur{N)/E09

+RNRL+GPII/ d
KGIE)/750 \ \,\\MP/Rellancc/Sohagpuri E),[W)/495+500
MP/ONGC/Satpura/714
‘MAH/ONGC/Wardha/503

» 33 Blocks CBM Resource potential 62 TCF; 9.9 TCF established
** Main operators are Essar, GEECL , RIL & ONGC, GEECL

¢ Gas production from Raniganj, Bokaro, Jharia &
Sohagpur

% No conventional O&G in the eastern part of

India which has the best Gondwana coals in the

country.

No. of Area

State Blocks (S9.Km)
West Bengal 4 1308
Jharkhand 7 2454
Madhya Pradesh 7 3701
Rajasthan 4 3972
Chattisgarh 3 1917
Andhra Pradesh 2 1136
Maharashtra 1 503
Gujarat 1 790
Orissa 2 766
Tamil Nadu 1 766
Assam 1 113

Total 33 17,246

oYep ||1} papleme sx320|g INED
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Essar — CBM Portfolio ESSAR

* Pioneerin Indian CBM E&P

* Presencein key CBM Basins

+ Largest CBM acreage and

* Raniganj Block in Developmental stage

_ ﬂ0® ' while others are in exploration stage

» Technology Leader in India

Raniganj- 4.3 Tcf

Sohagpur- 0.6 Tcf

Talcher & IB — 3.83 Tcf

BAY
OF BENGAL

Chennai #

o

0 400 Km

0 248.5 Miles

oot
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Raniganj Coalfield-Storehouse of Unconventional ESSAR

+ F0IL & ALLUY UM (% -400m)

ESSAR
P TERTIAR T FORMATION (31-260m)

GEOLOGICAL MAP OF RANIGANJ COAL FIELD SHOWING

BLOCK: RG (EAST) - CBM-2001/1 RATMAHAL TrATE {0-17 D)
. RANIGANJ NORTHY % ,
: OCK (ONGC'CIL)' ’ & Degree I” MlneS FPAMCHET FORMATIORN £15-9300m)
TO DHANBAD
RANIGANJ FAMIGART FORMA TIOM (P5-G08m])
SOUTH BLOCK et TR T
(GEECL)

[ Anuvium [RD[t;TSHAI_E (0525
D Tertia
-~ Basic':’nd Ultrabasic il Barskar P, Shale gas
Intrusives [ Talchir Fm.
[] SupraPanchet Fm (2] Wetamorpiice S e
[ Panchet Fm. CoalSeam METAMORPHICE
[] Raniganj Fm. [ Fault RG(E)-CBM-2001/1
[ Ironstone Shale Fm. 0 4 B8km (ESSAR) N G lized Strati h
Scale ONGC Shale R&D O eneralized stratigrapny
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Development Phase Block: RG(E)-CBM-2001/I

EOL 100% PI
Area: 500 sg.km

Exploration Phase | (2009) successfully completed and
identified CBM fairway.

Pilot Assessment Phase Il (2012) completed successfully
and incidental CBM gas flow established.

Currently in Development Phase (Phase I11)

Largest number of development wells (~275) in the
country

Third party reserves certification carried out in 2009 & 2011
(0.85 Tcf Recoverable). Next phase of certification in
progress.

Highest CBM producer (c. 24 mmscfd) in the country today.
Sizeable is under sale to local industries.

GGS and Pipeline infrastructure operational.

1

Static Model of the fairway




Key Strategy for field development

Systematic Reservoir Acquisition
Fairway ldentification

Pad Drilling —minimum surface
footprint

Cased hole multi seam completion

Massive Frac Job
Production Enhancement
o Well Spacing - 40 & 60 Acres

o Production Performance
monitoring

* Cleats are the pathways for
gas migration
* Raniganj Coal Seams have

well developed cleat system

Development Plan — 500 Wells

Prioritization based on Production
Data
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Key Reservolr properties

Geophysical Log - Extract

s Suitable Density cut-off thickness
of coal - Log based

eI
ot

{ N e e
4 S $

s Gas content (Desorption) and

Gas saturation (Adsorption) Interpreted coal

% Coal Permeability by in-situ coal
Injection Fall-off (IFOT) tests

Methane Ads. erm (Sample : EDC/5/AD/)
T asi Overview = - azsar 12
: 2 a  Desorompl 10.
33 f
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IFOT field curve
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Pad Drilling

» Pad drilling for reducing the surface foot print.

« Time reduction to drill a well by deploying

single schramm Rig

» Around 30% reduction in drilling cost

* Core Hole Location

3 Topsod
o a
ertiary i"‘i
T 22\
[\ DrillingRig
surface. (L
Panchet T T
/1" CASNG )
ICKORF POINT- 200M TO SO0M DEPENDING UPON THE
PANCHET FORMATION [€=FAOECTED TOTAL DEFTH OF THE HOLE
ST PROGUCTION CASING )
e L8 3
= dnete
RANIGAN) FORMATION
Reniganj
COAL SEAM-II
COAL SEAM-II
seam—4 N O srebesee COAL SEAMA
D=0t © Production well Location

Schramm Rig
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Well Completion ESSAR

Fracturing Fluid J»
Injection i

@)

% Casing and Cementing

s+ Perforation

Fracture
Propagation

% Hydraulic Fracturing

s Work-over Operations

S SExisting

. Fractures
C
s Completion
TYPICAL CBM/CSG WELL
LRIVEGEAD]

LT

Y R

e

CErmeErniy

&0

ol

Water pumped
up tubing

Gas flows up

i

I” &l seam;
F |

_il-"i:rﬁ‘iﬁ"'c:.

PN
COAL SEAM T

)

BOTTOM HOLE PUMP

Schematic diagram of coal seam gas extraction process.




No threat to Ground water

SRR WATER PIT.
‘wuerWell
: S Ground Water
NN Ah&ﬁh&h A
s o el e e e -f::* at very shallow
depth
Ceme Walerbeanngloose sand-50m to 100m
Iron Casing
Cement
u il
— lﬂ ) o 2 : . Water from
1000m COAL ' 'u Perforations through msm'q and - coal bearing at
= cement 1nto porous rock
Coal seam depth: about 1000m below surface. - S s ; deeper depth

i

1100m

Withdrawn water has no interference with ground water due to Iron casing



Hydro-Fracturing

* Per Job cost saving is ~11%

v" Pumped more number of HF

jobs per month - saved
pumping charges

v" Optimised fluid design — 25#

guar loading instead of 30#

(upto 6 ppa sand)

v" Improvised job designs — use of

water in flush stage & acid
displacement

v" Reduced use of Acid — saving

by eliminating Acetic acid

consumption




Main Fracture Job Plot
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MainFrac EDP-122 Job#2(RN-3)
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Surface Facility at Site
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CBM ....Well head to Market
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Resource Migration
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Probable | § Possible

SUB-COMMERCIAL

CONTINGENT
RESOURCES

UNDISCOVERED PIIP

E
Low
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PROSPECTIVE
RESOURCES

Ba=t

Range of Uncertainty

Increasing Chance of Commerciality — e—————
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ESSAR

Outside
fairway

Conceptual 1P 2P and 3P Areas used in the CBM Industry (Barker 2008).
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Exploration Blocks

EOL-CBM Raniganj-ToR 23
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Status : 4 Exploration Blocks ESSAR

RM(E)-CBM-2008/V [SOHAGPUR CBM BLOCK | |RAJMAHAL)- CBM BLOCK |
I A = - —
£ = ‘?‘l..:li urs(mug7 -.go%?*«-h@ % \\ R :l?glll'a’gm ’:&‘,’, _” u Em % at |.\n It -
SP(NE)-CBM-2008/1V svine/A (O Ny e VoL, V=,
_Beoharig © Pudhi Mo RHWA 2% SO N
B r:mev\, BRI ' A - £ Churki N
oKhi = i Mara) Ramanujgan) "fn‘ﬁi‘-’.
bi \R{, R omiﬁﬁ"-“"‘ ’ X
Amnrpluonj :Mcg.‘:(“ Kunkusi
IB-CBM-2008/1V ; “*!’“g,ﬁjmygm
\Ghargh, S
il SR~ R
Rhaira 77;'1 @/&\ >=
K'g"“""‘c"" p G v _.Z
- i : .,
il D i v &\ paimyrgsf Point
| ‘ alu.me 0 D ‘}. {4“
SN R e T
V4
IB VALLEY CBM BLOCK | TALCHIR CBM BLOCK |
BLOCK NAME SP(NE)-CBM-2008/1V RM(E)-CBM-2008/IV TL-CBM-2008/IV IB-CBM-2008/IV
STATE M .P | Chhattisgarh Jharkhand QOdisha Odisha
AREA (sq km) 339 1128 557 209
Shahdol-231 Pakur -1117 Sambalpur-342
DISTRICTS (sq km) A Sahibganj- 09 Angul-185 Sundargarh-202 Jharsuguda-07
Koriya-108
Dumka -02 Deograh-30
0.6 (DGH); 3.2 (DGH); 4.7 (ARI); 2.6 (DGH); 1.2 (DGH);
Resources (TCF) Recoverable: 0.37 Recoverable: 1.2 Recoverable: 0.49 Recoverable: 0.4
Minimum Work P(?Zaie - 25 Coreholes & 03 test wells 30 Coreholes & 03 test wells 30 Coreholes & 03 test wells 25 Coreholes & 03 test wells
Programme rs
. Phase II- . . . .
(as per bid) 3Yrs 25 pilot wells 20 pilot wells 25 Pilot wells 20 Pilot wells




CBM - Multi-Geography Exposure

World-wide

» Sub-Saharan Africa
* China “ Q\g\ ‘
* Turkey ) |
« USA
« UK =
* Indonesia
* Poland
+ Australia 3\

aree-basins of Africa

SAARC
i China

* Being part of the master Indian sub-continent regional Bers k.
geology and coal occurrences are very similar across all
these SAARC countries.

« Essar internal Unconventional Hydrocarbon Team is
already having a good understanding of regional SAARC
country geology and keen to work there.

e St o LA

* |deally positioned to venture into fellow SAARC countries v - 7 e
B K elas " rleon \" P iy

RN A ST

for suitable business ventures under suitable terms. - i S A i I
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T D tom € A
y

1
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Few Example
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India & Afghanistan/Pakistan
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Essar — Other Clean Coal Technology ventures

Underground Coal Gasification (UCG)

Strong understanding of Technology and Alliances with few global expert agencies like Clean Global
Energy (CGE), Australia.

Essar had actively bid/participated in various tender/offers for UCG development so far in India like -
Singareni Collieries Company Limited (SCCL) Coal India Limited (CIL) and Rajasthan State
Petroleum Limited (RSPCI.

A Draft Policy Note for UCG/Production of syngas obtained through gasification has been notified by
the Govt. of India but yet to be formally announced.

Coal Mine Methane (CMM)/Abandoned Mine Methane (AMM)

Huge CBM resesource locked in Indian coal mining leasehold areas (possibly in excess of 200 TCF).

The Team has a good understanding of the process and already worked on CMM/AMM projects in
UK and its scope in Raniganj/Jharia Coalfields.

CIL had in 2011 offered blocks for CMM development in its leaseholds which was bid and qualified by
Essar. Final Award on announcement of Development Policy by Gol.

The Gowvt. of India is expected is shortly expected to announce the policy for CMM development in
CIL and/or private mining leaseholds. Essar with its CBM expertise, experience and service contracts
Is keen to work with these coal mining companies..
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Map of 106 basins in 46 countries
Global Shale Gas — 35,782 tcf, Shale Oil - 6753 bboe
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The Trend ESSAR

Estimated U.S. shale gas production was 41.4 Bet/d in May 2015
about 55% of total U.S. dry production (74.6 Betf/d)

Shale gas production as a
percent of total gas production

Natural gas production (dry)
billion cubic feet per day

— _ - 100%
70 Restof US gas production
—— EEMarcellus (PAS W) —— - 90%
60 EHaynesville (LA&TX) . 80%
mmEagle Ford (TX)
50 mm Fayetteville (AR) ——a - - T0%
mmBamett (TX) 60%
40 m \Woodford (OK) |
Bakken (ND) 50%
m Anfrim (M1, 1IN, & OH)
30 B Utica (OH, PA& W) 40%
mmm Other US "shale’ 30%
20 —Chale gas % of lotal
20%
10 10%
0 0%

2000 2002 2004 20086 2008 2010 2012 2014

Sources: EIA Nalural Gas Monthly data through December, STEQ through April 2015 and Drilling fnfo.

29



".’
Shale Gas — Indian scenario ESSAR

The major Gondwana basin CBM plays are strategically central part of the Shale Gas map

e w%,;k‘:” | * 6 prospective basins identified by
pal ' DGH for shale gas exploration

* Final version of Shale Gas Policy

~ 2012 yet to come in force

* 584 TCF of shale gas resource and 87
billion Barrels of shale oil resource in
4 basins :Cambay Onland, Damodar,
Krishna Godavari Onland & Cauvery
onland (EIA 2013)

* ONGC pioneered drilling of Shale

AN\ L8 wells in Damodar Valley and
NEFAN e . . .
4k j successfully tested in Raniganj(N)
LEGEND block, close to Essar’s Raniganj(E)
el TS, ottty Proupetav) block.
R L REESTElEEmT o presently ONGC is drilling R&D wells
I CAYRGORY AN RASIN DEEP WATER AREAS . .
(Mrospective Basine) Y WITHN L2 |n GIIIFFI'I'

Source:DGH & EIA



Shale Gas Feasibility ESSAR
Essar Shale gas Feasibility study for its \ %g
CBM blocks and Mehsana O&G block e \
with support from USTDA R

o / e TOC =~ "
Objective was to a) establish the o / o~ e
potential, prospect and risk with Shale =k e @ ke
Gas development & b) Design an .
execution from pilot to field Development
Combined in place resources of Mehsana |
& RG (E) is of the order of 10 TCF, - Sl

'ﬂ A 0 S0 100 ZDOMI

Shale Gas can be developed in synergy
with current CBM development in RG (E )

with common infrastructure
J Shale Gas Study Blocks
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Essar — Expertise

« Multiple geographic and geological province Infrastructure

Expertise

Global tie ups ﬂ

N /

working experience

» Established leadership position in Unconventional
CBM gas in India

* A highly enriched technical team consisting of
Geoscientists, Engineers, and other technical staff

along with a highly motivated management team,

consisting of specialists in finance, business
development, logistics, human resources, project "9 Tof

consultancy and advisors.
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Modeling

 Use of industry benchmark hardware (high-end

workstations) and softwares (Prizm-Geographix,

- F— w
- —_—— Fiels Gan Productios Protie e

Petrel, Eclipse, Comet, Kingdom suites, Frac-Pro, =1\ ]
S| HH
etc.) at offices. A e 1 |
) ST || I

Simulations
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Unconventional — SAARC co-operations ESSAR

+ Significant geographical and geological similarities in the region.

s All these countries have heavy import burden in terms of primary energy
resource

% Coal resources are known and huge Shale Gas/Oil resources has been
reported by expert

s Energy transfer through Cross-country pipelines appear imminent

*» There Is a strong need for mutual co-operation in sharing of technology &
expertise among SAARC nations for Energy Security

s Efforts required to unlock ~1000 TCF in-place locked up in SAARC
countries in CBM & Shale Gas
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THANK YOU




