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GAS IS FASTEST GROWING ENERGY SOURCE
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LARGE PART IS EXPECTED FROM
UNCONVENTIONAL HYDROCARBONS
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The European Commission's Energy Roadmap 2050
gas is critical fuel for transition to low-carbon energy system
Gas replacing oil and coal can reduce CO2 emissions
Gas has a permanent role in future energy mix besides CCS

EU will become more dependent on energy imports in the future

Europe will be affected by shale gas activities, also when these play a
role in the rest of the world
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RESOURCE ESTIMATES CHALLENGES

» Huge variety in estimates ’ 7000
» Different methodologies = 7 - 6000

» Different input parameters %’m gh:p.ydfg.g. t o
) Large uncertainties : + St n ootence - E
» GIP vs PGIP s |

- 1000

» But all resource estimates say

there might be considerable 0 - 0
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McGlad et al, 2013
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PUBLIC RESISTANCE
i

“IFYOU CARE ABOUT
OUR'COUNTRY, SEE IT!"
 fpfan Jones

" “NO AUSTRALIAN VOTER
SHOULD MISS THIS FILM.”
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SHALE GAS MORATORIA IN EUROPE
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What shale we do? o) ‘ J
) “
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ARGUMENT MAP SHALE GAS PRODUCTION IN EU MEMBER STATES

- Contributes to the
energy supply

- Domestic production
increases control on
environmental impact

- Can be produced safely

- Financially profitable for
the country l
L

- Boosts local economy l

Politics

o

What is shale gas?
Shale gas is natural gas that is
“locked” in clay layers (shales) in the
subsurface. Shale gas is produced
using the technique of hydraulic

to create

gas can be used in the same way as
conventional gas without any
modifications to existing gas
infrastructure. Exploratory drilling is
needed to assess how much gas is
present and whether it can be
profitably produced. The EU does
currently not take a position that
either hinders or promotes
shale gas production.

What are
the arguments for
and against production
of shale gas for EU
member states
with shale gas
resources?

For ) G\guinst

This Argument Map summarises
the arguments for and against
shale gas production for
EU member states with
shale gas resources.

The arguments for and against
exploratory drilling, other than as
an initial step in the production

process, are not given
consideration here. This map is
based on literature study and
input from experts from different
backgrounds and member states.
We thank all participants for
their contribution.

- Hinders the transition to
sustainable energy

- Harms the environment;
W.I restricts space and
disturbs tranquillity

-Hazard to employees
and residents

- Profitability is unclear
- May lower value of
EP 9 property

Politics

o
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January 2014 EU published:
“minimum principles for the exploration and production of
hydrocarbons (such as shale gas) using high-volume hydraulic
fracturing”

Complementary to EU legislation and MS legislation
Plan carefully, assess all environmental and community risk
thoroughly, inform the public well, ensure best practices

July 2014 European Science and Technology Network on
unconventional hydrocarbon extraction
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Risks vs perceived risks
Need for clear technical knowledge base

Challenges on communication, dissemination, transparency and education

Use lessons learned from implementations of other new technologies
e.g. CO2 storage
Learning history approach resulted in:
Clear and steady leadership
No predetermined results
No timeconstraint on decision making E] gea- k-
o INSTITUTE

(decision) process should be transparant and clear
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CONCERNS AND CHALLENGES ON HF

Emissions to air . \
(dust, CO, & CH,) | surface impacts

[ shate Waste water
Spills (frac water, Wastewater SlEEEEE
chemicals) e ...g '
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fractuNng fluid
in ?
* e Amounts of (fresh)water !
Leakage of frac water 2 necessary ! faults
or gas along cement O
towards water table S Seismic activity

CCING j-y-=s~o "=t "M caused by fraccing
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B Inthe subsurface (g e 2 e e
- contamination S
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Note: The possible environmental hazards discussed in the text are shown with red arrows. Aithough the
figure illustrates a shale gas well with multi-stage hydraulic fracturing, some similar hazards are present with
GOT IA, Perth 2015 conventional gas wells, and with tight gas developments.
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Will it still be profitable?

Suffering from a low oll price?
Additional research

(Baseline) monitoring

environmental impact studies

Longer trajectories licence applications
Implement innovative technologies
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European Energy Research Alliance Joint Program Shale Gas
Horizon 2020
Measuring, monitoring, mitigating & managing the environmental

impact of shale gas

TKI Upstream Gas consortium
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OBJECTIVES EERA JP SHALE GAS

» Share results of national initiatives on R&D on Shale Gas development

» Align EU research on shale gas exploration and production

» Address specific European issues which are different from US experiences
» Share experimental facilities and numerical tools

» Annual Knowledge sharing meetings
» Bi-Annual SP meetings

» Research inventory of shale gas literature in European countries
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To provide scientific recommendations for minimizing the TNQ [noyation

environmental footprint of shale gas exploration and exploitation in = ECN

Europe. " Rewag g

. fPﬂzﬁf,-fﬂii

4 year program coordinated by TNO U -
18 excellent EU RTO’s and Universities \ﬁ_,.
Independent and transparant " /
External Advisory Board, incl. USGS, NRC, ARI, GERG @ SINTEF
Industry experience in Industry Panel ERC
2,5y program — 3M€ funding UKERC

SP1: Hydraulic fracturing, induced seismicity o First deliverable oo

and well integrity (Dec 2015):

SP2: Water, soil & well site activities _ Report on GFZ

SP3: Impact on air & global climate : Helmholtz-Zentrum

SP4: Impact on public & stakeholders review of best Forsoam

and Canada

17 GOT IA, Perth 2015

1 I | \oevwm,%
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TKI = UPSTREAM GAS

» National consortium of operators to achieve ambition of
Netherlands on hydrocarbon exploration and production

» ~2 M€y (50% government)

» Coordination: TNO

» 2012-ongoing

» Partners from Industry, SME, University and RTO'’s
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TOoTAL —ann oindde

A Northern
Petroleum
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centrica

%’% Universiteit Utrecht SI E M E N S | \.—/
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T w7
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CuADRILLA bqf’ groningen Heowden Thamassen Compressors Petroleum



m innovation
for life s —

Mature fields New Fields Tough Gas

Infrastructure

HSE & reliable operations

Hardware (Sensing, Actuation, Compression)

Societal Impac@and Human Capital _

GOT IA, Perth 2015
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TOUGH GAS LINE PROJECTS

Sweet spot identification & reservoir characterization

mmnqvation GUOF S\
for life wintershalll =~

~

» Innovative water management & green fraccing fluids
minnqvation GOF S\vCZ *
for life wintershall |l 5.
» Clay swelling & fines migration

|nn0vat|on *
for life wintershall

» Field case for fraccing & optimized tough gas production ATPO

TNO "
» NWO MVI public acceptance shale gas
» Tectonics, stress, fractures and productivity

TUD, TUE, UU ©2F ==

wintershall :
ToTAL
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SWEET SPOT DETERMINATION PROJECT

» TOC is governed by out-of-control primary production (flocculent blizzard), rather than

intensity of anoxia
) prospectivity not in deepest of the basin, but in proximal zones adjacent to the paleo-

CoaSGEITIEgnh . GTOF S\ C=Z S
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UPFRONT OPTIMIZATION OF WELL PLACEMENT
AND FRAC JOBS

5 H ‘Ta |
b el .0
e Svyms e o b - \ 4, -
- - AR ‘
e
- '

« Qutcome: Scenarios for optimum
gas production and reduction of
production costs (less wells/fracs)

+ Workflow:
| , (1) Area selection in gas shale
innovation e o (2) Natural fractures and stress
.o | . field from 3D seismic survey
(3) Geological model from seismics
+ well data
(4) Reservoir characterization from
seismic attributes
(5) Modelling of optimum
placement of horizontal wells
and frac jobs

Y T e Caliled)
Example: Posidonia shale gas play, the Netherlands

v om, o ur
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ALTERNATIVES TO FRACCING? @ %

» Modelling productivity of innovative configurations of needle or
radial wells
» Innovation to harder rocks, applicable in coals and limestone
» Conclusions show comparible results with hydraulic fracturing

GOT IA, Perth 2015
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Gas is a recognized fuel in a low carbon energy system by the EU
Resource estimates are uncertain but promiss considerable amounts
Public resistance

Need for better communication
Learning for other technologies

R&D efforts
International networks EERA/H2020
National programs TKI

GOT IA, Perth 2015
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