o

A
&g KFAS

SUSTAINABLE AND COMPETITIVE ENERGY
SUPPLY: THE ROLE OF EFFICIENCY AND
INNOVATION

Q‘%"W
< KFAS

Goleipadi leug4l dutws o

Kuwait Foundation for the Advancement of Sciences Ad n a n S h i h a b - E I d i n

FIFTH IEF KAPSARC THOUGHT LEADERS’ ROUNDTABLE: SEssION IV
Thursday 28 February 2019
|IEF Secretariat, Riyadh, Saudi Arabia

FIFTH IEF KAPSARC THOUGHT LEADERS’

34119 ROUNDTABLE



IKFAS

OUTLINE

¢ Drivers for innovation in O&G Industry
** Roles of O&G Stakeholders

** Innovations Focus for Producers under Energy Transition

pathways

3/4/19 FIFTH IEF KAPSARC THOUGHT LEADERS’ )
ROUNDTABLE



Challenges Facing O&G Industry: Drivers of innovation s
 Minimize Costs to Remain Competitive:

» Optimize economic value from O&G and continue to mitigate potential of major reduction in demand for
O&G (e.g. SDS scenario)

» Potentially new business models and products that represent new revenue streams

« Environmental Issues:

« Take measures towards addressing the Climate change challenge (Paris Agreement) and fostering low
carbon footprint,

» Low hanging fruit for decarbonizing energy systems:
o Energy conservation
o Improving Energy Efficiency
o Renewables (solar and hydrogen)

« Development of new, more complex / disruptive innovative tech. e.g. CCUS and CDR, Hydrogen
economy

* Improving performance to ensure the valorization of assets:
« Aim to achieve close to 100% reliability (i.e. no unplanned shutdowns, secure industrial assets, etc.)
« Using digital and automated solutions to enhance economics of current assets (41" I1A)

Long-term success involves continued innovation and research, as well as
314119 collaboration across the sector 3
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Roles of O&G Stakeholders in
innovation to address challenges
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Innovation, R&D and Technology Valley of Death <€ens
The primary role of R&D in innovation: * < Sovemment —m——re—rl | it Becior.>
] VCsFunders
» To develop technology, evolutionary and = = .
revolutionary, to maintain growth, respond to a - e bt
3 High Growth
need or address a challenge e e
o
The role of Government, Industry, Academia, others: &"3 e—— Academia
* Roles varied over time, economic conditions, e clovi;Labe A Performers
i i Basi Applied Tech t d Syst
sectgrs and category of. bu5|ne§s, W|th.go.vernment e e
funding focused on basic & national mission- — T T T T T >
oriented RD
TECHNOLOGY MATURITY CURVE!' Source: SBC Factbook NG
Technology Valley of Death:
. Floating liquefied naturiiSiE Gas for rail & maritime transport
» Challenges and roles across the bridge to SUCCESS; ;|  warine compressednaturaigas guempis.
Example from Natural Gas technologies 8 Casoiquids
_g (small-scale)
O&G, including Petrochemicals, is technology £ | Methane e teousiicato & skoage i (ESR)
. . g hydrates Hydraulic fracturing & horizontal drilling
- 3 Ibed methane producti
intensive: , : : s N— . m:m:fé"'m ES&?:?‘L“G’
 Leadership & nature of RD & innovation landscape 3 e Opemcyoe’ 0T
. . . . : gas turbine  Gas boilers
changing within the industry ‘ iyl
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R&D in O&G

O&G: a mature industry: benefited immensely from steady & cycles of technology development covering
exploration for and deployment of resources, extraction, processing, storage & delivery

O&G is technology intensive: yet historically it ranks low in terms of R&D investment, but leadership &
nature of R&D & innovation landscape changing within the industry (Service companies invested ~ 2%)

Industrial Energy R&D Spending

Billions USD

2016 Global 20165,

2017 Global 2017 US

2018 Global 21B8US.
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Source: RED Magazing Survey 2017

R&D spend on technologies at oil companies
As % of revenues, 2015 to 2017
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Innovations Focus for Producers under
Energy Transition Pathways
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ATKearney EnergyT

&g KFAS
Whilst GHG emissions related to O&G mostly come from end-use combustion,
there is a need to manage GHG emitted from upstream activities

12.2 49

GLOBAL ANTHROPOGENIC GHG EMISSIONS IN 2010

GtCO,-equivalent in global warming potential over a 100-year horizon (% of total) o
~39% of global anthropogenic emission come from

the operations and consumption of oil and gas

I Fossil-fuel industry own emissions |

[ Fossil-fuel end-use emissions 4.4 [ \
[ Non fossil-fuel related emissions 27.3 o P W
(55.9%) |l 39%
(14.5%)
m The fossil-fuel energy industry’ is accountable for 5 GtCOzeq
emissions per year for its own industrial processes, or about: Transport
» 10% of total anthropogenic GHG emissions
(18.8%) o
«  15% of fossil-fuel related GHG emissions Buildings

* 0.5 tCOeq emitted per toe supplied

A (22 5%) Industry

I oil & Gas operations
[ oil & Gas consumption

1.5 (3.1%) 1.6
Downstream 1%;) -,,,

0.3 0.9
= (0.6% == 1.8% Coal mining I Coal-related emissions
Flaring Venting Fugitive Own Refining  Fossil-fuel Other  Agriculture, Total GHG [ Non-fossil fuel related emissions
(upstream  (methane electricity consumption? industrial forestry emissions
0&G) leaks) use’ emissions3  and other

land-use*

Notes: 1 Exploration, production, transport, refining and distribution oil, gas and coal. 2 CO2 emission from fossil fuel combustion and other oxidation processes
in chemical or metal plants. Excludes emissions from diesel generator used to produce fossil-fuel, that are included in “own electricity use” 3 Non fossil-fuel
related emissions such as process CO2 cement or other GHG emissions from landfills, chemical production, steel etc 4 Includes methane and N20O emissions
from agriculture, CO2 sources and sinks from afforestation and reforestation etc... Excludes energy-related CO2 emissions for agriculture machines, which are
accounted under “fossil-fuel combustion”. 5 Mostly from on-site diesel engines for production facilities. Excludes transportation fuel used for trucks etc...
Sources: IPCC (2014) “AR5-WGIII”; Carbon Dioxide Information Analysis (CDIAC); and IEA (2015) “World Energy Outlook”; A.T. Kearney Energy Transition
Institute



According to recent UN (IPCC), more action is needed quickly to limit T

rise from GW to 1.5°C by 2100 rather than 2°C g KFAS

All plausible scenarios to meet A Typical Scenario that would meet the 2°C Target

the 2°C target show that all %% o2 MITTING means émitting ; 5 g 5

sources and technologies must 1200 f------- = @_2__159_t_l_1_e_1a_!:r_'r_19_s_pn@_r_e_ ------- rREFER,ENCE w ----------

contribute and more is needed 1100 | Additional measures are needed as of 2030 s ]
if we aim at 1.5°C limit if we are to limit rise to 1. 5°C by 2100 - -
) ’ 1000 _‘_J___, ----------- i - - - - - SRR Leme - emandreductqo I W

» Efficiency & Re is low hanging fruit; 900 __________ ________ __________

contribute most 2050 = ’ ’ ’ ’ : ’ :
800 oo TN Biomass... ... ... .y
- : :

* Room to double engine efficiency, 2 700 oo b T R TGN e G ]
. L H H
introduce EV/Re. = 5 5 5 5 . | Ronewables |

> 600 ! ' R A S CTTTT

+ Biomass, nuclear and clean fossil £ soo ; : ' ' 10 I SO R
fuels (with CCUS, DAC, CDR) 3 . I
contribute increasingly, but 400 A e e
development & investment needed LR P RS Y A A
for all on equal footing. 300 f 5 Eﬁegctaccs? I : Té’éﬂsfﬁis,;'t.?:'

200 |r--moeeesbeemnoennsdee o N R e T O P

- Planes and trucks powered by CO2-EMITTING ENERGY | HH_*—’
hydrogen will be a crucial part of 100 T l """""" AN < N I B
efforts to cut carbon emissions to 0 ’ ’ : ’ ' : ' > i ’
required levels consistent with the 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
desired limit of 1.5 °C to 2 °C. YEAR

Source: Tom Wigley, IAEA 2018 Scientific Forum,



https://www.iaea.org/sites/default/files/18/09/wigley-cv-2018.pdf
https://www.iaea.org/sites/default/files/18/09/wigley-cv-2018.pdf

O&G Producers' Strategies to Address Emissions for
Domestic & Export Markets

e Short-term:

o Reduce excessive high p/c energy demand and limit growth rates: Continue/accelerate subsidy reforms.

Yﬁ KFAS

o Continue decarbonization of energy systems through more Re and increased investments in E&P for natural
gas as a cleaner substitute for domestic power

* Long term (2040 and beyond):

o  CDR technologies, including DAC, to offset CO2 (blockchain verified) from exported O&G, need to be
developed

o  More R&D needed to mitigate potential challenges

* Medium to long-term, aim for deeper decarbonization:
o Focus on reducing CO2 emissions from power using CCUS (with EOR first).
o Develop and deploy O&G sourced hydrogen with CCUS.

o Remaining carbon captured and sequestered underground: reducing more than 90% of CO, emissions.

o Lead the way to the scale-up of carbon free oil made using carbon-free sources of electricity to convert water
and CO, to hydrocarbons for use in equipment that is difficult to electrify.

o Continue to focus on R&D and deployment of new technologies to advance CCUS, including policy making
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DAC technologies are being developed and could be available —
commercially soon in case time runs out g KFAS

» Direct Air Capture ("DAC") systems are an emerging class of technologies capable of
separating carbon dioxide (CO,) directly from ambient air at large scale

Carbon Engineering, Canada

5

ATt

Succeeded in using captured CO, to Raised USD 30.8 million to commercialize
synthesize a mix of petrol and diesel carbon dioxide removal technology

* In 2011, the American Physical Society (APS) study estimated the costs of DAC at 780
$/t-CO,-avoided and 550 $/t-CO,-captured
« Carbon Engineering cost projections range is 107—249 $/t-CO,
FIFTH IEF KAPSARC THOUGHT LEADERS’
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Strategy of Energy Carriers ~Development of CO, free hydrogen value chain ~ %2 .
KFA

Hydrogen Transport (Energy carriers) — Utilization =
Natural gas production —
Petroleum , 9 oy
Coal . == Fuel cell vehicle
Reforming/ Gasificati
gasification asification

Liquid hydrogen
LH:z uif a
Power generation

=y

Fuel cell
Renewable Carbon capture
energy and storage
Dehydrogenation >y
M NH,direct combustion
gas turbine
- Production by =
' B = electricity and heat
:1.1 [ .:\.’1 Lo Direct use ﬁl .
e B
Fuel cell NH, furnace
@ Hydrogen can be produced from various energy sources and can be utilized for electricity as well as fuel ‘

(Potential to reduce CO, emission significantly)
@ Hydrogen has a difficulty in transportation, because it is low Btu gaseous form. It is essential to develop viable mass-
transportation methods and related technologies (energy carrier) and make hydrogen to be affordable energy source.

Source: Adopted from Cross-ministerial Strategic Innovation Promotion Program (SIP)_Energy Carriers_2016
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ATKearney Energy Transition Institute

Several H2 technologies are emerging

Methane and methanol synthesis from CO,

Solid storage

HENG fed into natural gas network*

Geological storage
(depleted oil & gas fields or aquifers)

Steam water electrolysis (HT PEM)
H, production from solar radiation?

Capital requirement x technology risk

H, production from heat'
Valley of death
Lab work Bench scale Pilot-scale Commercial-scale process proved,

with optimization work in progress

Various use of H; in refineries®

=
g KFAS

Fuel cells (high temperature, large-scale, stationary)®

Water electrolysis (PEMEC)
Fuel cells (low temp. for mobility or stationary)’

Gas turbines for H; rich fuels
Liquefaction plant & cryogenic tank

Water electrolysis (AEC)
{eological storage in salt caverns
Compressors, H, refueling pumps & compressedtanks

Ammonia synthesis
H, pipelines ™=

Road transport of H, tanks\‘
(compressed or cryogenic)

Commercial scale, proved, widely deployed, with
limited optimization potential

Research Development  Demonstration Deployment

Legend

® Hydrogen conversion Hydrogen handling @ Hydrogen production

Mature technology Maturity
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Mission Innovation Clean Energy R&D Focus Areas

31

INDUSTRY & BUILDINGS

VEHICLES & OTHER
TRANSPORTATION

BIO-BASED FUELS

& ENERGY

SOLAR, WIND & OTHER

RENEWABLES

NUCLEAR ENERGY

HYDROGEN & FUEL CELLS

CLEANER FOSSIL ENERGY

CO, CAPTURE, UTILIZATION

& STORAGE

ELECTRICTY GRID

ENERGY STORAGE

BASIC ENERGY RESEARCH

314118

Source: IEA

Indicators are for key areas of R&D investment, but do not imply a comprehensive representation of a country’s full R&D portfolio.



