9 LOTOS

The Common EU Energy Policy and the Energy Security of Slovakia
The 5th annual energy conference

November , 21-22 , 2011



¢ LOTOS

LOTOS Petrobaltic S.A.

The Common EU Energy Policy and the Energy Security of Slovakia , New alternative energy resources...

14° 15° 16° 17° P e 20° 2° 22° 2° %° .
ST e o | MoTe than 100 licenses for  shale  gas
AL - DB Y CORDTAOAZE W T3 FOME NS I RO CORCA exploration have been awarded by Ministry of
- = | IR P [ z Environment since y2008.
55° % B (bt = 56°
A = N
2 /142 43 “ Fial =l » ‘
P R P ] D o el = 2009 Natural Gas Market” Technically
ey e = i Tl (trilion cubic feet, dry basis) Recoverable
) ER s F WA s = Proved Natural | Shale Gas
W v (AN o [ | T Gas Resenves” |  Resources
Sert . = =L > Consump- | Imports | (trillion cubic | (trillion cubic
: = \ = Production tion (Exports) feet) feet)
= { e
C=i !
72 3 | 7 L R il e ©
== | ' o Europe
w | e R & 2 France 003 173 | 9% 02 180
e 217 | & Germany 0.51 32 84% 6.2 8
iy = 2o a0 oo|| Netherlands 279 172 | (62%) 490 17
= N w dm || Norway 365 016 | (2156%) 70 8
= 2N = UK. 200 | 3% 90 2
i ) a7 - ”“ ‘ Denmark 0.0 0.16 | (91%) 21 B
N [ 2\ C Sweden . 004 | 100% 4
~ || Poland 021 058 | 64% 5. 187
" o | Turkey 0.3 1247 %% 02 15
m | ow aw w o Uraine 0n 15 | 54% 300 L)
- w  w | ~ = Lithuania . 010 | 100% 4
. = ke oy on Others® 048 095 | 50% 2T 19
arz 374 __:;- :%‘__?_1. e
EEE i TR ; . -
SRR S &7 “| According to Independent Statictics &
= E ;_“_n-*-if;@ S -; Analysis  U.S. Energy  Information
§ ARl e Administration Report, Poland has circa
il iaalih, e 53 TCM of shale gas recoverable
omwmaA C I AW &=« resources.
15 16° 18° 19° 20° %° 22° 23° 24°
2/14

Bratislava, 21-22 November 2011




‘(’ loros LOTOS Petrobaltic S.A.

Lt H HS # 0 # " & (

Maciej Powro nik, Marek Brzozowski, 3/14

The Common EU Energy Policy and the Energy Security of Slovakia , New alternative energy resources... Bratislava, 21-22 November 2011



$» LOTOS

) *

++# &) % S +

Pore spaces are connected and allow for fluid flow
within reservoir (sandstone). Hydrocarbons migrate
from source rocks into the reservoir rocks and easy

- i X > I fill pore space. Rock permeability is dozen to
gt - hundreds miliDarcy. Porosities of 8 — 30% are
VR R, S common.
a:‘ X 3 Conventional gas field

TIGHT GAS

Hydrocarbons migrated into reservoir but then some geoloic
processes reduced connections between pores. Pore spaces

are separate and not connected thus gas or oil is trapped
within the pore spaces. Fluid flow within reservoir
(sandstone) is very slow or almost impossible. Rock vertica |
permeability is in range of microDarcy. Flow and production
from reservoir is possible with support of stimulation
techniques (fracturing, acidizing). Porosities of 4-8% are
common.

UNCONVENTIONAL RESERVOIRS

& T . 1 niekonwencjonaina skala zbiomikowa
oh A | e gaz zamknigty (tight gas)

SHALE GAS
Hydrocarbons are generated and trapped within source rock.
Micro-pore space volume is direct result of organic matter

SO ShalelolNg transformation into hydrocarbons. Some volume of gas is

] adsorbed by rock and fills also natural microfractures if

Oil z present. No natural flow occurs. Production from reservoir

BEEER R T T s R requires fracturing. Porosities of 1-5% are possible.
Condensal
Gas zone
Tightgas
> niekonwencjonaina skala zbiornikowa
Shale gas gaz w lupkach (shale gas)
wg: Pallastro et al., 2003, zmienione i rozszerzone
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Drill a well trough fresh water , run casing and seal with
cement

Drill into the shale and run production casing
Plug & perf trough casing then fracture to open the rock

Open hole completion systems with packers are now
widely used in shale gas wells fracturing

Horizontal sections can be as long as 3000 m

40 fracturing stages made by BakerHughes in single
horizontal well (Bakken basin, March 2011),
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US wells performance are 60 — 130 km3/d

Fot. Continental Resources Inc. N.Dakota
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Required strip for 10% IRR
Breakeven price USD/mcf

Source: Oxford Institute for Energy Studies
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Incentives

High gas prices and favourable fiscal regime are appealing foreign investors

Good business climate and governement support to diversify gas supplies

Discouragement

Dumping gas prices can inhibit activity in Polish shale gas

Investments in interconnectors can help balancing gas system and reduce prices
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Structure of past natural gas supplies in Poland

#! H# '#

o g

Forecast - Polish demands for natural gas till 2030

%

o)

Source : Oil&Gas Dept. Ministry of Economy, Poland 2 010
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» Shale gas in Poland is in exploration phase and potentia l'is still unconfirmed

* Dozen of wells have been drilled so far in shales, next 2 -3 years will be the most
important for assesment of shale gas resources, as this will be drilling phase for
majority of shale gas licenses.

» Critical for shale gas production volumes will be produc tion rates and decline. It is
presumed that gas wells in Poland will have similar perfor mance and ultimate recovery
at least 60 — 100 min m3 similar to US or Canada wells.

* Itis assumed that with proven resources early production can start in 2016-2017 and
at the end of decade could reach ca 20-25 bin m3/y. IsP  oland on its way to become
less coal dependent or to be exporter of produced gas ?

* Environment and habitats protection is most important. Awarded licenses impose
limitations for Companies to run any activities in prot ected areas.
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