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DEFINITIONS AND CAUTIONARY NOTE 

Resources:  Our use of the term “resources” in this presentation includes quantities of oil and gas not yet classified as SEC proved oil and gas reserves.  Resources are 
consistent with the Society of Petroleum Engineers 2P and 2C definitions.  

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate 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. Companies over which Shell has joint control are generally referred to “joint ventures” and companies over which Shell has significant 
influence but neither control nor joint control are referred to as “associates”. In this presentation, joint ventures and associates may also be referred to as “equity-accounted 
investments”. The term “Shell interest” is used for convenience to indicate the direct and/or indirect (for example, through our 23% shareholding in Woodside Petroleum 
Ltd.) 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. 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 
20-F for the year ended December 31, 2012 (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, 19 April 
2013. 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 these forms from the SEC by calling 1-800-SEC-0330. 
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Background of Cansolv 
Technologies 
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 CANSOLV TECHNOLOGIES INC. 

Founded in 1997 to commercialize post-combustion SO2 
Scrubbing 

Extensive experience with regenerable amine processes 

Track record of delivering commercial scale –flue gas treating 
amine plants worldwide 

20+ Licenses, 15 in operation worldwide 

Part of the Shell group since Dec 2008 (100%) 

Based in Montreal, Canada and Beijing, PRC 
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Cansolv Modeling & Design 
Approach   
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 Cansolv Modeling & Design Approach 

Commercial  

Design 

Commercial 
units 

Pilot data 

Lab studies 

VLE  

Physical 
properties 

Vendors  
expertise 

Aspen Plus Design 
margins 
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SO2 Experience & Model/Design 

Validation  
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Scale-Up of CANSOLV SO2 Scrubbing 

    Sulfur Recovery Unit, Belgium Sulfuric Acid Plant, USA FCCU, USA 

    
Pilot  

(1999) 
Design  

 
Commercial  

(2002) 
Pilot  

(2000) 
Design  

 
Commercial  

(2002) 
Pilot  

(2003) 
Design 

 
Commercial  

(2006) 

Gas Flow SCFM 35 6,300 6,000 70 25,000 25,000 50 470,000 430,000 

[SO2]in vol % 1.2% 1.4% 1.0% 0.4 % 0.4 % 0.4% 900 ppmv 850 ppmv 800 ppmv 

[SO2]out ppmv <100 75 50 <20 20 15 20 25 15 

L/G gal/kscf 8.9 10.7 7.1 5.4 3.2 2.7 6.0 4.2 3.5 

Steam lb / gal 3.8 3.6 2.1 3.4 2.9 1.9 3.3 2.8 2.5 

absorber DxH ft x ft 0.5 x 14 ft 4.6 x 30 ft 4.6 x 30 ft 0.5 x 14 ft 10 x 35 ft 10 x 35 ft 0.5 x 14 ft 32 x  120 ft 32 x  120 ft 

stripper DxH ft x ft 0.3 x 16 ft 4.3 x 50 ft 4.3 x 50 ft 0.3 x 16 ft 3 x 40 ft 3 x 40 ft 0.3 x 16 ft 12 x  64 ft 12 x  64 ft 

x200 x700 X10,000 

From Pilot to Commercial Scale:  

 Confirmed lower steam consumption  

 Confirmed improved hydraulics & mass transfer 

 Improved capture performance 
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CO2 Experience – Current & Future 
Projects 
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Cansolv CO2 Capture Unit at Lanxess CISA  

Location: New Castle, South Africa 

Scale: 170 tpd CO2 capture (90% 
capture) 

Natural Gas Boilers 

CO2 for sodium dichromate production 

Plant to be self-sufficient on steam & CO2 
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SaskPower BD3 (150 MW) Integrated CCS Demo Project 
Lignite coal fired power plant (150 MW Before CCS 
Project) 

 ~12% CO2, ~ 1,000 ppmv SO2 

 90% Capture required 

~ 1,200,000 tpy CO2 captured 

CO2 sold for EOR (Contract signed with Cenovus) 

SO2 converted to H2SO4 (~60 tpd) & sold to fertilizer 
market 

 

Unique Cost savings features employed 

 Material of construction: lined concrete absorbers & amine tank 

 Rectangular absorbers to save on plot space and optimize 
packing design/installation 

 Integrated Heat Recovery between SO2 and CO2 systems 
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Completed Pre-FEED study for Scottish & Southern Energy 

Retrofit of a ~300MW CCGT to include CCS 

Sequestration of CO2: Goldeneye (off-shore North Sea) 

SSE Peterhead – CCGT CO2 Capture Pre-FEED 
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CANSOLV DC201 Model Development 

 
 
 



Copyright of CANSOLV TECHNOLOGIES INC. CONFIDENTIAL 

Approach to Modeling Amine Processes 

 
Model Development Roadmap 
 1- Complete and acquire consistent set of data  

 Chemistry data 
 VLE data (binary and ternary) 
 Speciation data 
 Heat of absorption data 
 Heat capacity data 
 Transport property data  
 Kinetic data  
      

 2- High quality pilot data 
 
 3- Data used to build the Aspen Plus model of the Cansolv process 
 
 4- Commercial design 
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CANSOLV DC201 Absorber Model 
Validation & Design Margins 
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CANSOLV DC201 Model Validation Absorber Results 

 3 Independent Piloting Campaigns used for Validation of Model 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Units Piloting 
Campaign 1 

Piloting 
Campaign 2 

Piloting 
Campaign 3 
 

Absorber Packing Details 

Packing Type type Sulzer MellaPak Plus 
252Y 

Sulzer MellaPak 2X Koch 1Y HC 

Max Packing 
Height 

m 18 19 11 

Packing 
Diameter 

m 0.64 0.20 0.20 

# of Intercoolers # 0,1 or 2 0 or1 0, 1, 2 or 3 

 
Flue Gas Conditions 

Gas Flowrate Nm3/hr 1750 224 179 

CO2 
Concentration 

vol % 
(wet) 

11 - 12 3 - 4 12 - 22 

Temperature oC 40 – 50  30 – 40 30 – 40 
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Absorber Profile Piloting Campaign 1 
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Absorber Profile Piloting Campaign 2 
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Absorber Profile Piloting Campaign 3 
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CANSOLV DC201 Model Validation Absorber Results 

 

 

 

  Unit Piloting Campaign # 1 
Case # 4 12 16 17 18 29 30 31 

Experimental CO2 
Removal % 91.1 91.9 89.4 95.0 90.7 83.2 91.7 91.2 

Model Prediction CO2 
Removal % 91.7 92.9 90.3 97.1 92.0 80.5 90.8 90.3 

% Difference in CO2 
Removal % diff 0.7 1.1 1.1 2.3 1.5 -3.3 -1.0 -1.0 

  Unit Piloting Campaign # 2 
Case # RUN 3 RUN 4 RUN 5 RUN 8 RUN 12 RUN 15 

Experimental CO2 
Removal % 90.1 90.2 89.0 89.9 93.3 92.9 

Model Prediction 
CO2 Removal % 92.0 90.3 90.6 92.5 94.7 90.4 

% Difference in CO2 
Removal % diff 2.1 0.2 1.8 2.8 1.5 -2.7 



Copyright of CANSOLV TECHNOLOGIES INC. CONFIDENTIAL 

CANSOLV DC201 Model Validation – Absorber 
Results 

 

 

 

  Unit Piloting Campaign # 3 
Case # C009 C010 C011 C015 C016 C017 

Experimental CO2 
Removal % 89.5 93.7 83.4 90.3 88.2 91.3 

Model Prediction CO2 
Removal % 89.6 94.9 83.1 92.1 91.2 95.6 

% Difference in CO2 
Removal % diff 0.1 1.3 -0.4 1.9 3.5 4.6 

 

 

 

 

To be corrected with 
Packing Height 
Design Margins 

Total Packing Margin =  
Model Uncertainly + Operational Uncertainty +  Scale up Margin 
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CANSOLV DC201 Regenerator Model 
Validation & Design Margins 
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Regenerator Profile Piloting Campaign 1 

 

 

 



Copyright of CANSOLV TECHNOLOGIES INC. CONFIDENTIAL 

Regenerator Profile Piloting Campaign 2 
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Regenerator Profile Piloting Campaign 3 
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CANSOLV DC201 Model Validation Regenerator 
Results 

 

 

 

  Unit  Piloting Campaign # 1 
Case # 12 16 17 18 27 29 30 

Experimental Stripping Factor GJ/TonCO2 2.35 2.41 2.55 2.41 2.54 2.62 2.82 

Model Stripping Factor GJ/TonCO2 2.23 2.56 2.73 2.50 2.72 2.62 3.00 
% Difference % 5.1 -6.2 -7.1 -3.7 -7.1 0.0 -6.4 

  Unit  Piloting Campaign # 2 
Case # 3 4 5 8 
Experimental Stripping 
Factor GJ/TonCO2 3.22 3.28 3.22 3.19 
Experimental Stripping 
Factor corrected for heat 
loss GJ/TonCO2 3.06 3.12 3.06 3.03 

Model Stripping Factor GJ/TonCO2 3.08 3.07 3.10 3.01 
% Difference % -0.7 1.5 -1.3 0.7 

  Unit Piloting Campaign # 3 

Experimental Stripping Factor GJ/TonCO2 2.78 2.51 2.63 

Model Stripping Factor GJ/TonCO2 2.75 2.65 2.80 
% Difference % 1.1 -5.6 -6.5 
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CANSOLV DC201 Model Validation – Regenerator 
Results 

 

 

 

Maximum under prediction of Stripping Factor: 

Piloting Campaign 1 = 5.1 % 

Piloting Campaign 2 = -4.0 % 

Piloting Campaign 3 = 1.1 %   

 

 

 

 

To be corrected with 
Energy Consumption  
Design Margins 
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Thank you! 

Questions…? 

2
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