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success of Quest
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Definitions & cautionary note

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “Shell”, “Shell group” and “Royal Dutch Shell” are sometimes used for 

convenience where references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also used to refer to subsidiaries in general or to those who work for 

them. These expressions are also used where no useful purpose is served by identifying the particular company or companies. ‘‘Subsidiaries’’, “Shell subsidiaries” and “Shell companies” as used in this presentation 

refer to companies over which Royal Dutch Shell plc either directly or indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally referred to as “joint ventures” 

and “joint operations” respectively. Entities over which Shell has significant influence but neither control nor joint control are referred to as “associates”. The term “Shell interest” is used for convenience to indicate the 

direct and/or indirect ownership interest held by Shell in a venture, partnership or company, after exclusion of all third-party interest.

This presentation contains forward-looking statements concerning the financial condition, results of operations and businesses of Royal Dutch Shell. All statements other than statements of historical fact are, or may be 
deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on management’s current expectations and assumptions and involve known and unknown 
risks and uncertainties that could cause actual results, performance or events to differ materially from those expressed or implied in these statements. Forward-looking statements include, among other things, 

statements concerning the potential exposure of Royal Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions. These forward-
looking statements are identified by their use of terms and phrases such as ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, ‘‘may’’, ‘‘objectives’’, ‘‘outlook’’, ‘‘plan’’, ‘‘probably’’, 
‘‘project’’, ‘‘risks’’, “schedule”, ‘‘seek’’, ‘‘should’’, ‘‘target’’, ‘‘will’’ and similar terms and phrases. There are a number of factors that could affect the future operations of Royal Dutch Shell and could cause those 

results to differ materially from those expressed in the forward-looking statements included in this presentation, including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand 
for Shell’s products; (c) currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and physical risks; (h) risks associated with 

the identification of suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk of doing business in developing countries and countries subject to 
international sanctions; (j) legislative, fiscal and regulatory developments including regulatory measures addressing climate change; (k) economic and financial market conditions in various countries and regions; (l) 
political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of projects and delays in the reimbursement for shared 

costs; and (m) changes in trading conditions. No assurance is provided that future dividend payments will match or exceed previous dividend payments. All forward-looking statements contained in this presentation 
are expressly qualified in their entirety by the cautionary statements contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may 
affect future results are contained in Royal Dutch Shell’s Form 20-F for the year ended December 31, 2016 (available at www.shell.com/investor and www.sec.gov). These risk factors also expressly qualify all 

forward-looking statements contained in this presentation and should be considered by the reader. Each forward-looking statement speaks only as of the date of this presentation, November 14, 2017. Neither Royal 
Dutch Shell plc nor any of its subsidiaries undertake any obligation to publicly update or revise any forward-looking statement as a result of new information, future events or other information. In light of these risks, 
results could differ materially from those stated, implied or inferred from the forward-looking statements contained in this presentation.

We may have used certain terms, such as resources, in this presentation that United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. U.S. investors are 
urged to consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov. You can also obtain this form from the SEC by calling 1-800-SEC-0330.
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The energy challenge
There is more demand for energy globally as the world’s population and living standards increase

Rising demand
Global energy demand will 
likely be almost 60% higher in 
2060 than today, with 2 billion 
vehicles on the road (800 
million today). 

Ongoing supply
Renewable energy could triple 
by 2050, but we will still need 
large amounts of oil and gas to 
provide the full range of energy 
products that the world needs.

Mitigating 
climate change
Net-zero emissions is 
a potentially achievable 
societal ambition.

Growing population
Global population is expected 
to increase from around 7.4 
billion today to nearly 10 
billion by 2050, with 67% living 
in cities.

3June 2017



Million barrels of oil equivalent a day

PROJECTED GLOBAL
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Shell’s alternative 
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Wind energy
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Towards a lower-carbon future

Shell is working to meet the energy challenge in many different ways.

$CCS

Continued investment
in oil and gas to 
meet
growing demand

Bringing cleaner-
burning natural gas
to a wider market

Managing the 
greenhouse
gas emissions from 
our own operations

Building a profitable
New Energies
business

Industry leader in
carbon capture
and storage

Advocating 
government-
led carbon-pricing
mechanisms

5June 2017
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Shell Involvement
in CCUS projects

6

Industrial scale projects in 
operation
Industrial scale projects in construction

Planned but cancelled industrial scale 
project 

October 2016

Involvement through Shell Cansolv
technology – no Shell equity

Industry leader 
in carbon capture 
and storage

Gorgon CCSLula CCUS Boundary Dam 
CCUSTCM test centreQuest CCS

1 mtpa
Capture: amine 
Shell operated

0.7 mtpa
Capture: membrane
Petrobras operated, 
Shell is a JV partner

up to 100 ktpa
Capture: various 
technologies
Shell is a JV partner 
and tests at TCM

10–15 million tonnes
over the project’s lifetime.
Capture: amine
Shell project developed 
with SSE  through FEED 
but project cancelled

between 3-4 mtpa
Capture: amine 
Chevron operated, 
Shell is a JV partner 

up to 1 mtpa
Capture: amine
SaskPower project, uses 
Shell licensed technology 

Lula

Technology Centre Mongstad

Peterhead

Gorgon

Peterhead CCS
(cancelled)

Quest

Boundary Dam
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n One million tonnes CO2 per year 

capacity

n Equiv to emissions from ~250,000 cars 
n 35% reduction of Scotford upgrader 

CO2 emissions

n CO2 capture at the upgrader from 3 
hydrogen manufacturing units 

n CO2 transported by 12 inch pipeline to 

storage
n Permanent storage 2 km underground in 

the Basal Cambrian Sands

Quest CCS Overview

7June 2017Copyright of Shell International B.V.
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Quest Performance

August 2017 8

Capture:
§ Quest has captured, transported, and safely 

stored over 2 million tonnes of CO2

§ Quest has the global CCS record for total 
injection volumes in a one-year period – 1.2 
Mtpa CO2

§ Operating costs lower than expected due to 
operating efficiencies

MMV:
§ MMV systems working well – no triggers

§ Multiple technologies indicate that the CO2 is 
where it is expected to be

Wells:
§ Only 2 wells active – contributing to significant wells and MMV savings

Reservoir:
§ Excellent injectivity – comparable to high case scenarios
§ After 25 years, we only expect to use 5-7% of the available pore space
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CCS Policy Needs

August 2017 9

CCS will require: 
n An effective government imposed CO2 pricing mechanism; 
n A level playing field with alternative low carbon technologies; and 
n Short term demonstration support to drive down costs

FIRST OF A KIND Nth OF A KIND

Development Demonstration Deployment

CAPITAL GRANTS 
(SUPPORT BUILD)

EFFECTIVE CO₂
PRICING MECHANISM

NON-FINANCIAL MEASURES (ENABLING REGULATIONS, 
LIABILITY AGREEMENTS, ETC)

OPEX SUPPORT (ENSURE PLANT OPERATES) 
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Opportunity for CCUS to bridge to full scale-deployment

n Replication/experience drives down cost

n CCUS allows for profitable carbon 

capture as a pathway to full-scale CCS 

deployment

n Alternative uses can drive CO2 demand 

and positively influence the 

supply/demand balance.

April 2017 10
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Project Costs (Mln CAD)

August 2017 12

Mln CAD Mln USD, 
Assuming rate of 

~0.8 
FEED 139.4 ~112
CAPEX

Labor and commissioning 147.9 ~118
Tie-ins 37.1 ~30
Capture 437.5 ~350
Transport 127.4 ~102
Storage 40.4 ~32
Total CAPEX 790.3 ~632

Total for CAPEX + FEED 929.7 ~744
Annual OPEX

2016 Actual 30.2 ~24.2
2017 Estimate 35 ~28

Sources: 2015 report for CAPEX (available at http://www.energy.alberta.ca/CCS/CCSQuestReport2015.pdf), 2016 report for OPEX (to be published online 

soon).
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Project revenues (in Mln CAD)

August 2017 13

2009 - 2014 2015 2016+  Estimate

Alberta Innovates Grant 6.6

NRCan Funding 108 12

GoA Funding 298 149 298

Total funding 412.6 161 298

Cumulative on Total Project 
Spend (%) 30.2% 42.0% 63.9%

n Funding and Grant

n CO2 Reduction Credits 

q 2016 – 3.3 MCAD

Sources: 2015 report (available at http://www.energy.alberta.ca/CCS/CCSQuestReport2015.pdf) and 2016 report (prepared and submitted, to be published 

online soon).
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Cost per Tonne CO2

n Reported $/t cost is lower than forecasted $/t cost due to lower actual OPEX. 
n The calculation is performed using methodology specific for the projects under the Funding Agreement (funding by Canadian government). 
n The discount rate is weighted 75% towards the Alberta’s 10 year term bond rate and 25% towards the industry standard discount rate. 
n Use of a different methodology including discounting of CO2 (PV/RT, PV/PV, …) and value of discount rate may result in a different $/t outcome. 

August 2017 14

Note: The costs in this table are 
in Canadian currency. 

Estimate of the Cost per Tonne of CO2 for the Alberta’s CCS Funding Program

74 USD/t 
CO2 avoided 

(at 0.8 
USD/CAD)

n Here: Annuity CAPEX / 
Non-discounted tonnes 
CO2
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Transport

15

• CO2 compressed to >10 MPa to keep the CO2 in 
dense phase through entire pipeline

• 65 km pipeline with 6 block valves (every 4-15 
km) 

• Pipeline construction Oct 2013 – Aug 2014, with 
over 30 re-routes to accommodate landowner 
requests

April 2017
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Where is the CO2 stored?

Upper Cambrian Shale– Primary Seal 

Basal Cambrian Sand – Storage Reservoir
PreCambrian Shield

Prairie Evaporite – Additional Seal

Upper Lotsberg Salt – Ultimate Seal

Lower Lotsberg Salt – Secondary Seal

40m

70m

85m

85m

10m

BCS
Storage 
Complex
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How is the CO2 stored and monitored?

n Sequestration Lease area of 3,670km2

n Three wells (only using 2)
n Current estimate of max plume lengths: 2.5 to 

4.2 km

n First of a kind monitoring plan

n Conservative approach
n Comprehensive: from atmosphere to 

geosphere

n Independently reviewed
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Quest MMV Plan

18

Atmosphere LightSource Laser CO2 Monitoring

Biosphere CO2 Natural Tracer Monitoring

Hydrosphere
Private Landowner Groundwater Wells (discrete chemistry and Isotopes on water and gas)

Deep 
Monitoring 

Wells 
Downhole Pressure & Temperature (DHPT) above Storage Complex (CKLK Fm)

Downhole Microseismic Monitoring

Injection 
Wells

Injection Rate Metering, RST Logging, Temperature logging

Geosphere

InSAR

Time-Lapse Walkaway VSP Surveys?

Time-Lapse 3D Surface Seismic

DHPT, Well Head PT, Distributed Temperature and Acoustic Sensing, 
Annulus Pressure Monitoring, Wellhead CO2 Sensor, Mechanical Well Integrity Testing, 

Operational Integrity Assurance

Time (years)

Baseline Injection Closure

CBL, USIT

Shell Groundwater Wells: Continuous EC, pH
Discrete Chemical and Isotopic  Analysis on water and gas

2010 2015 2020 2025 2030 2035 2040 2045 2050

CO2 Flux and Soil Gas
Remote Sensing (Brine & NDVI)

Eddy Covariance Flux Monitoring ? § First of a kind – conservative 
approach

§ Comprehensive: from atmosphere to 
geosphere

§ Risk-based

§ Site-specific

§ Independently reviewed

§ Combination of new and traditional 
technologies

§ Baseline data collected before start-
up

April 2017
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Regulatory Overview

19April 2017

Worked with the regulator to help 
create good regulatory environment 
for CCS:

n Create carbon credit system to provide 

incentives for sequestration
n Define pore space tenure – understand the 

subsurface impact

n Clarify long-term liability, closure planning

n Set requirements for monitoring, 
measurement and verification (MMV)

n Build quantification protocol (based on ISO 

standard)
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Government Support

n Total Cost of Quest - $1.35 billion, FEED, 

Capital + 10 years OPEX

n The governments of Alberta and Canada 

contributed CAN $745M and CAN 

$120M respectively to Quest, for a total 
of $865M

n As a result of the funding, Quest is 

required to have:
n extensive knowledge sharing

n stringent reporting and MMV plan

n net revenue neutral requirement
20
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Pathways 
to Net-Zero 
Emissions
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Plausible balance in an Emerging Net-Zero Emissions World

22

Meeting the goal of the Paris 
Agreement by balancing 
emissions from sources and 
removals by sinks

The diagram shows how the balance is met.  The upper section of the 
diagram shows the emissions from fossil fuels.  Most CO2 is either 
captured by CCS or embedded in materials produced by the chemicals 
industry; the remaining 6.8Gt CO2 is emitted to the atmosphere.  The 
lower part of the diagram shows the accounting from the biomass 
resource base with 6.8Gt CO2 of net-negative emissions.  The 
configuration of the energy system, across fossil energy and biomass, 
nets out to zero CO2 emissions.

Source: Shell analysis, ‘Colours of Energy, Essay Towards net-zero 
emissions.  An outlook for a prosperous world.’
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CO2 Capture

23

• The Hydrogen Unit combines steam 
and natural gas to produce high 
pressure steam and H2 for use in the 
upgrader

• The Amine Unit uses Shell technology 
to capture the CO2 directly from the 
process

• The process produces a 99% pure CO2
output

• Award winning integrated, modular 
construction (Fluor)

August 2017
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Transport
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• CO2 dehydrated and compressed to >10 MPa to 
keep the CO2 in dense phase through entire 
pipeline

• 65 km pipeline with 6 block valves (every 4-15 
km) 

• Pipeline construction Oct 2013 – Aug 2014, with 
over 30 re-routes to accommodate landowner 
requests

• Cleaning and preserved with nitrogen by 
October 2014

• First CO2 into pipeline August 2015

August 2017
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Storage Facility

25

• 3 well pads: each pad has 1 injection well, 1 deep 
monitoring well and multiple shallow ground water 
wells

• Conventional drilling methods

•Multiple steel casings for injection wells, 3 in 
freshwater zone, all cemented to surface

• Comprehensive Measurement, Monitoring and 
Verification program 

SALT SEALS

Intermediat
e Casing

Main 
Injection 
Casing

Cement

Surface 
Casing

Tubing

SHALE SEALS

TARGET FORMATION

Packer
Assembly

Perforations 
allow CO2 to 
penetrate the 
formation

August 2017
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Quest Capture Learnings
• Compressor reverse rotation – shutdown depressuring

study    based on installed arrangement

• Carbon steel in low pH water service – piping spec 
changes     must be caught in design phase

• Filtration Management – foaming/flooding in amine 
absorbers tied to carbon entrainment and throughput 
management

• Existing HMU operating strategy required modifications to   
operate reliably in Quest mode – successfully 
implemented

• Below Budget Chemical Loss – both TEG and amine

• Reliability Performance Beating Plan – good design and    
operating strategies producing strong CO2 capture      
performance

26August 2017
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Quest Storage Learnings

27

MMV:
• MMV systems working well – no triggers
• Microseismic array has been very quiet
• VSPs can image CO2 in the BCS, DAS working well

Wells:
• Only 2 wells active – significant wells and MMV savings
• Pulse neutron logging confirmed that CO2 is where it is                            

supposed to be
• Important to keep water out of the wells, even the small                             

amounts routinely used during logging
Reservoir:
• Excellent injectivity – comparable to high case scenarios
• After 25 years, we expect to use 5-7% of the available pore space
• Current estimate is that the ∆P at the end of the project may only be 2 MPa. 

August 2017
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Stakeholder Learnings

• The need to listen
• Perceived risk can be as real and important as actual risk

• Hear concerns and accept them as legitimate
• Be open to changing the plan to accommodate community 

feedback

• Meet stakeholders on their terms and where they are 
comfortable
• Don’t expect them to come to you and then be surprised 

when they later raise objections

• Develop consistency and deep relationships
• They may mistrust the organization, but they will trust 

people

• They want to get to know the leaders and the experts – not 
just community relations team

28

Community Advisory Panel - MMV

August 2017


