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DEFINITIONS & CAUTIONARY NOTE

Reserves: Our use of the term “reserves” in this presentation means SEC proved oil and gas reserves. 
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. 
Organic: Our use of the term Organic includes SEC proved oil and gas reserves excluding changes resulting from acquisitions, divestments and year-average pricing impact. 
Resources plays: our use of the term ‘resources plays’ refers to tight, shale and coal bed methane oil and gas acreage.
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 in which Royal Dutch Shell either directly or indirectly has control, by having either a majority of the voting 
rights or the right to exercise a controlling influence. The companies in which Shell has significant influence but not control are referred to as “associated companies” or “associates” and 
companies in which Shell has joint control are referred to as “jointly controlled entities”. In this presentation, associates and jointly controlled entities are also 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’’, ‘‘intend’’, ‘‘may’’, ‘‘plan’’, ‘‘objectives’’, ‘‘outlook’’, ‘‘probably’’, ‘‘project’’, ‘‘will’’, ‘‘seek’’, ‘‘target’’, ‘‘risks’’, ‘‘goals’’, ‘‘should’’ 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 potential litigation and regulatory measures as a result of climate changes; (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 factors that may affect future results are contained in Royal Dutch Shell’s 20-F for the year ended 31 December, 2013 (available at www.shell.com/investor and 
www.sec.gov ). These factors also should be considered by the reader.  Each forward-looking statement speaks only as of the date of this presentation, 8 October, 2014. Neither Royal Dutch 
Shell 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. There can be no assurance that dividend 
payments will match or exceed those set out in this presentation in the future, or that they will be made at all.
We use certain terms in this presentation, such as discovery potential, that the United States Securities and Exchange Commission (SEC) guidelines strictly prohibit us from including in 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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Direct Injection in Diesel and Petrol Engines
 Direct injection means that fuel is injected directly in to the combustion chamber 

and that the tip of the nozzle is exposed to combustion temperatures.

 Direct injection dominates nearly all diesel applications.    
 Trend towards higher fuel pressures ( up to 3000Bar) and smaller holes for better fuel 

atomisation.

 Direct injection becoming increasingly important for petrol vehicles

Direct Injection Spark Ignition (DISI)    or   Gasoline Direct Injection
 Prediction by Bosch that a quarter of all petrol engines will be DI by 2020

 Increased knock resistance allows for higher compression ratio compared to port fuel 

engines

 Can enable  lean burn combustion through stratified charge
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What do fouled DISI injectors look like?
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Conifer et al    SAE 2017-01-0808
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Cracking of Fouled DISI Injectors

6Date Month 2016Footer

Dearn et al    SAE 2014-01-0808
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Rounthwaite et al    SAE 2017-01-0798

Cracking of fouled Diesel injectors
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Consequences of  Injector Fouling

 Flow reduction, leading to power loss/ efficiency loss

 Fouled injector tips can produce fuel sprays with  altered penetration depth, 

and cone angles

 A modified spray pattern can lead to greater  fuel impingement on cylinder 

walls and piston crown plus sprays with larger droplets

 Adsorption of fuel by deposits leading to rich combustion and soot

REDUCED POWER/EFFICIENCY               MORE EMISSIONS
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SHELL/BRUNEL STUDY  - REAL WORLD DIESEL INJECTORS
 Injectors fouled during real world driving on UK 

roads.

 Shell arranged for injectors (still fully functional) to 

be replaced at a dealership during service interval

 Same make and model of car/injector:  

 New injectors

 30K miles

 60K miles

 90K miles

 Study focusses on differences in transient spray 

pattern.

10



Copyright of Shell International

PENETRATION DIFFERENCES BETWEEN ORIFICES IN OLD 
DIESEL INJECTORS
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Constant Volume Chamber

 Images taken 135µs after SOI

 Clear deterioration of spray pattern after 60K miles

R. F. Cracknell, R. Wardle, R. Pos, L. Ganippa; Effect of diesel 3RD INTERNATIONAL ENGINE CONGRESS 2016 , 
Baden Baden
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CO AND THC EMISSIONS INCREASE WITH FOULED 
INJECTORS
Two different fouling mechanisms?

HC Adsorption / Desorption in combustion chamber deposits?

2012-01-0391

Average trace of three test s(DU) and two tests (CU)

Joedicke et al  2012-01-0391
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DISI INJECTORS – EFFECT OF FOULING ON PM
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Impact of fuel and injection system on particle emissions from a GDI engine
Wang et al Applied Energy, Volume 132, 1 November 2014, Pages 178-191

Injector 1= fouled injector with 8.5% flow rate loss
Injector 3- new injector
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Test Results: Correlation between PMPN Emissions, 
Injector Fouling and Spray Characteristics
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SAE Paper 2017-01-0808

DCA-
containing fuels:
Fuel B /  Fuel C

DCA-free fuels: 
Fuels A / Fuel D
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Consequences of  Injector Fouling

 Flow reduction, leading to power loss/ efficiency loss

 Fouled injector tips can produce fuel sprays with  altered penetration depth, 

and cone angles

 A modified spray pattern can lead to fuel impingement on cylinder walls and 

piston crown plus sprays with larger droplets

 Adsorption of fuel by deposits leading to rich combustion and soot

REDUCED POWER/EFFICIENCY               MORE EMISSIONS

 Can be mitigated through Deposit Control Additives
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Questions and Answers
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