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Source: IPCC 2018 Report
8 October 2018 Incheon, Republic of Korea

b) Stylized net global CO2 emission pathways
Billion tonnes CO2 per year (GtCO2/yr)
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Climate Change Situation
Increasing gap with Paris Agreement

CO:2 emissions

Paris Agreement

¢) Cumulative net CO2 emissions
Billion tonnes CO2 (GtCO2)
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Faster immediate CO2 emission reductions

a) Observed global temperature change and modeled
responses to stylized anthropogenic emission and forcing pathways

Global warming relative to 1850-1900 (°C)

Observed monthly global
mean surface temperature

ed anthropogenic
g to date and
nge

Likely range of modeled responses to stylized pathways
Global COz emissions reach net zero in 2055 while net
non-CO; radiative forcing is reduced after 2030 (grey in b, ¢ &d)
Faster CO: reductions (blue in b & ¢) result in a higher
probability of limiting warming to 1.5°C
No reduction of net non-CO: radiative forcing (purple ind)
results in a lower probability of limiting warming to 1.5°C
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éﬂ Strong increase in LNG Gas demand strongly
e flows (+8.5%) Ae, accelerates (+4.8%)

LNG

{n\,,’,]'+3.8%’@)+2.1% ’ +1.7%

11.2 Gtoe 27 GtCO,
Economic growth Rising energy New record in CO,
At purchasing power parity CO nsump‘tion emissions**
2017 : +3.8% 2017 : +2.2% 2017 : +2.2%
2005-16: +3.4% 2005-16: + 1.5% 2005-16: + 1.4%

* (320 countries account for 80% of global energy consumption
** Energy-related CO, emissions from energy combustion (> 80% of CO, emissions)

Source: Global Energy Trends - 2019 Edition - 6
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Raising global concern about
Climate Change
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Wildfires in CA, USA
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—~ Demonstrations around the World
- by Students
Gty Pressure to decarbonise is increasing

Thunberg

Lagos
° Delhi
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ENERGY
EFFICIENCY FIRST

ENERGY v wmenerm
ENERGY SECURITY, U N l O N
SOLIDARITY AND TRUST ST R AT E G Y

RESEARCH,
INNOVATION AND
COMPETITIVENESS
DECARBONISING

THE ECONOMY
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E Energy Strategy and Energy Union

Secure, competitive, and sustainable energy

ETN
®
@
1. Building the Energy Union =>SETPlan 5«
= "‘_‘:?:‘ii o : ‘)

2. Governance of the Energy Union (NECP)

. Clean Energy for all Europeans (legal framework)
. Energy Security Strategy

. 2050 Long-term Strategy

. Clean Energy for EU islands

ETN Global 9
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The New Legislative Framework
for Climate and Energy in EU

Greenhouse Gas Emissions Renewable Energy Energy Efficiency
2020 2030 2020 2030 2020 2030
-20% | 2-40% 20% | 232% 20% |[232.5%

Climate in EU-funded Interconnection C02 from:
programmes 2014-2020
2020 2030 Cars Vans Lorries
...... 2020 | 2030 10% | 15% w2030
200% 259% -37.50% | -31% -30%

ETN Global
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EC net-zero strategy proposal
ETN Long-term strategy

Glﬁhal

Scenario 1: Electrification

Scenario 7: Technology

| including (BE)CCS
Scenario 2: Hydrogen (1.5 TECH)

Scenario 3: Power-to-X Scenario 6: Combination

Scenario 4: Energy Efficiency Scenario 8: Lifestyle Changes
& Circular Economy

(1.5 LIFE)
Scenario 5: Circular Economy

80% GHG emission reductions

against 1990, excluding sinks 90% GHG emission

. : Net-zero emissions
reductions against 1990, 2050

(85% GHG emission reduction 2050 : - !
including sinks

with sinks included)

including sinks

Source: visualization by Ecologic Institute, drawing on the EC In-Depth Analysis document
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Decarbonisation, Decentralisation, Digitalisation



— EU Emission Trading System
“*= Price of Carbon now trigger Coal to Gas Switch

ETN
®

CO, taxes

Norway:58
ItCO,

Sweden:
124 tCO,

Finland: 70
ItCO,

€£/tCO2e

France: 51
ItCO,

Switzerland:
96 /tCO2

UK: 24
NtCO,

CO, Switching Price for Different Coal and Gas Power Plants Efficiencies

410

30

20

10

2010 2017 2018 2015

10

2011 2012 2013 2014 2015 2016

Switching price (thermal efficiency of power plants @ 33% for coal; 60% for gas)

s <y it ching price (thermal efficiency of power plants : 36% for coal; 47% for gas)

1 ETS price

- - N 1=
Source: T4CE
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Coal Phase Out

ETN

GI®bal Fig 2.

Coal phase out status by
European country,May 2019

Green
No coal, or commitment to
phase-out coal

Phase-out being actively
discussed

Orange
Phase-out yet to be
decided

GW is the gigawatts coal
capacity currently
operational
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- Geopolitical positioning

g

-5 for export of natural gas

ETN

’ 201 bcm
in 2018

IN 2018 (181% increase
since July 2018)

Big Investments!
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Sector Coupling
Creating an integrated
carbon-neutral energy system

% ' Power-to-heat
Power-to-mobility
' i G

p— &

i Power-to-gas ﬁ E m
- Heat for

Mobility \ } » buildings & industry

Power-to-X
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A multitude of
sources can be used
to produce H,

Many applications
rely on or could
benefit from H,

Natural Gas

[steam methane reforming

current process today,
$4.50/GGE at scale)

Fuel Cells

Engines/Turbines

Energy Storage

Renewable
Petroleum

Sources :
(wind, solar, Recovery &
biomass, hydro, Refining
geothermal)
Methanol
Nuclear Production
~
\CD Electronics
Coal C(\Q’ Ammonia
(with carbon Production
sequestration)

Metal Production &

Food Fabrication

Processing

Cosmetics

Source: U.S. Department of Energy

ETN Global

energy carrier

Very High Specific Energy

Specific Energy Comparison (kWh/kg)

15 -
10
57 ,
R
gasoline diesel naturalgas  hydrogen
About three times more
energy by mass than most

other fuels!
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Market Trends and Opportunities
for Gas turbine technology

Stricter climate legislation in place to prevent high polluting

solutions -Accelerated phase out of coal plants and in some countries
also phase out of nuclear - replacement capacity opportunities

. Increasing CO, price trend - ETS and CO, taxes — Increasing interest

in energy efficiency and low carbon energy solution

. Fast growing intermittent renewable power - balancing and

power-to-X opportunities

Energy demand increasing IEA estimates that global demand for
gas will grow by 1.5% every year in the period to 2040

. Large investments in new pipelines and LNG import facilities

- LNG export expected by DNV-GL to double by 2040

ETN Global 18



Future Research &
Development
Needs

ETN

GI®bal

ETN’s R&D Recommendation Report 2019




P Research and Technology
“3 Development Priorities
A for Gas Turbines

< Extended fuel spectrum: hydrogen, ammonia, biomass,

< Power-to-X
% Future concepts/cycles (sCO, cycles, wet cycles...)

“ Future materials and Additive Manufacturing

 Digitalisation, condition monitoring and lifing

W Details in ETN’s R&D Recommendation Report

ETN Global
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Hydrogen
Working Group
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Explore, enable and optimize the use of hydrogen
In gas turbines by:
< Highlighting potential use, applications and benefits

< |dentifying potential barriers
o Research needs
o Operational issues/effects on GT components
o Explore retrofit solutions for high hydrogen-content fuel
o Explore the safety aspects

“» Supporting the use of hydrogen as an energy carrier

www.etn.global
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Additive Manufacturing
Working Group

Objectives:

*» Exchange knowledge and experiences focusing on
the added value that AM could generate

v" short delivery time I Gesteracrices
v efficiency increase by optimized design

v" delivery of obsolete or “urgent” parts to shorten
maintenance outages and overhauls

<+ Cooperate on additive manufacturing practices

Defect
ETN

Activities:
*» AM equipment and process database;
*» AM product quality and control
v" ETN best practices booklet
v Case study on AM product quality and control;
*» AM research roadmap

ETN Global 22
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Access to
Network GT Experts Projects
with Users Access to experts from the 2 ;
Worl i whole GT value chain Participaivii
orldwide international and
& f Codiigainn cross-functional projects
X ;’;’\' Standardisation, Best Practice
i W Guidelines, Feasibility Studies, R&D
i A o 5 ’ Projects and more
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High Leve ETN oh
User Meetings ® as
Take part in the yearly High Level Educational Courses
User Meeting to discuss issues Tailor-made courses in areas
of strategic importance to the Engine- of importance to the Users,
GT market, with both 0&G specific given by selected experts
and Power Generation Meetings from the R&D and
industries Participate in ETN and industry community

GTUsers.com User Group
Meetings on specific engines

Questions?

ETN Global
Chaussée de Charleroi 146-148, 1060 Brussels, Belgium
Tel: +32 (0)2 646 15 77, info@etn.global

ETN Global
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