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Outline 

• The purpose of my talk is to describe the methodology used by the oil 
industry to predict the development of outputs. 

• To set the scene, I will describe briefly the contribution of the fossil fuels in 
the global energy mix while recalling the peak oil theory. 

• Then I will recap the various types of hydrocarbons accumulations. 

• I will address the notions of recovery factor, of probability of success and 
define the different categories of resources. 

• After that, I will explain briefly how production profiles are derived through 
the use of numerical simulation for conventional fields and other techniques 
for unconventional. 

• To conclude I would like to remind you of the impact of the shale revolution in 
North America while emphasizing the uncertainty regarding predictions. 
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Quizz #1 : liquid hydrocarbon production in 2012 
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Quizz #2 : ultimate resources of liquid hydrocarbons in 2012 



Quizz #3: which country has the greatest gas production potential? 
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• From 2000 to 2070, first and second are USA and Russia. 

• Which is 3rd ? 

– From 2000 à 2010 

– In 2013 

– From 2020 to 2040 

– From 2050 to 2070 

• Which was 4th in 2000 ? 

 

Canada 

Qatar 

China 

Iran 

UK 



Evolution of the energy mix between 2010 and 2040 

dc - February 5th 2014 6 

Source : XOM 2012 

• energy demand increases by 30% 
• gas (+60%) replaces coal in the second place 

renewables 
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International Energy Agency scenarios 

– Current Policies Scenario takes into consideration only those policies that had been formally 
adopted . 

– New Policies Scenario  is the central scenario  

 assumes cautious implementation of recently announced commitments & plans, even if 
yet to be formally adopted  

 provides benchmark to assess achievements & limitations  of recent developments in 
climate & energy policy 

– The 450 Scenario sets out an energy pathway consistent with the goal of limiting increase in 
average temperature to 2OC 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Increasing demand of world primary energy 
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 +2%/year over the last 27 years 

Increasing demand of word primary energy 

to 2035 :  

 1.4 %/yr, +47 % to 2035 

 1.2 %/yr, +36 % to2035 

 0.7 %/yr, +21 % d'ici 2035 

In 2035, energy demand is 8% higher in the Current Policies Scenario and 11% lower in the 
450 Scenario than in the New Policies Scenario 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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World primary energy demand by fuel (NPS) 

New Policies Scenario 

+0,8% +0,5% +1,6% +7,7% +1,9%  Annual increases   

Proportion of hydrocarbons (oil + gas) in the global energy mix 

1990 :  56%  2010 :  54% 2035 :  51%  

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Global oil use continues to expand. 

The fundamental question:  
Will liquid hydrocarbons resources be sufficient? 
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Current Policies Scenario 

New Policies Scenario 

450 Scenario 

Global oil use continues to expand in  New 

Policies Scenario, reaching 99 mb/d by 2035    

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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« Peak-oil » theory. 

Production begins to decline when half  
of the Ultimate Recoverable Resources are produced 

 

USA peak-oil forecast : 1970 

US predicted oil production from Hubbert theory 
(Hubbert, 1956)  
US peak-oil occurs in 1971 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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PROVEN  RESERVES …. not sure 

In many countries (corresponding to 80% of the volume of reserves) the reserves are not 
certified by an independent institution ...  
In 1987, a reassessment of 300 billion barrels in less than 6 months appeared to be "suspicious“.. 
Has peak-oil already been reached ? 
 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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NEW POLICIES SCENARIO  
Implication in term of resources 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

PROVEN 
RESERVES 

 

1550 Bbls* 

ADDITIONAL 
RESERVES 

(1+2) 

450 Bbls 

NEW  DISCOVERIES 

350 Bbls 

UNCONVENTIONAL 
HYDROCARBONS 

 

600 Mbbls 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 



Recap on the various Oil & Gas fields 

• Conventional  

– The hydrocarbons generated by maturation of the source rock have migrated into a 

reservoir (porous & permeable medium) and accumulated in a geologic trap. 

• Unconventional 

– No migration: residual hydrocarbons in the source rock (shale oil and shale gas), 

permeability  0 

– No geologic trap: Basin Centered Gas, oil sands, methane hydrates, mobility  0 

– No maturation: oil shale 
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Conventional gas fields (structural 

trap, permeable reservoir) 

Shale Gas play 

1000 – 4000 m deep 

30 – 100’s m thick 

gas maturity  

window 



Ressource triangle 
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Supply cost of liquid fuels 

dc - February 5th 2014 17 



Recovery Factor (RF) 

• Proportion of the accumulation that can be extracted from the ground 

• Typical values: 

– Conventional oil fields : from 5% to 60%, average = 30% 

– Conventional gas fields : from 20% to 90%, average = 75% 

– Shale oil : ca 7% in the SRV 

– Shale gas : ca 20% in the SRV 

Reserve and Resource = accumulation x RF 
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Main factors affecting RF of conventional fields 

• Reservoir properties 

– Porosity ()  

– Permeability (k) 

– Geometry (thickness, dip, compartmentalization) 

• Fluid properties 

– Hydrocarbon saturation and initial pressure 

– Hydrocarbon compressibility (FVF, saturation pressure) 

– Hydrocarbon  viscosity (µ) 

• Economic conditions  

– CAPEX (wells, surface facilities, evacuation) 

– OPEX and royalties 

– Gas price 
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Recovery mechanisms for conventional fields 
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• High compressibility (gas):  

– Natural depletion 

• Low compressibility (oil):  

– High aquifer activity: natural depletion 

– Low aquifer activity: water or gas injection 

• Low mobility (k/µ) 

– High µ (viscous oil): steam injection, polymer injection 

– Low k (tight gas): hydraulic fracturing and horizontal drilling 

 



How to derive RF (conventional oil field)? 

1. Depending on available data, construction of a geologic model 

– Fine grid to capture the reservoir heterogeneity (core and log data) 

– Structure and compartmentalization defined using seismic data 

2. Construction of a dynamic model 

– Upscaling of the geologic model 

– Analysis of well tests and production data 

3. Validation of the dynamic model 

– Match of the production history: well performance, pressure monitoring, fw and GOR 

development 

4. Predictions 

– Input of the production constraints: WHFP, economic cut-off 

dc - February 5th 2014 21 



dc - February 5th 2014 22 



dc - February 5th 2014 23 



dc - February 5th 2014 24 



Production profile for undiscovered oil fields 

Resources = assumption 

 

Use of typical production profiles (dimensionless) 

 

Example 

• Total exploration resources (eg 2.25 Gb) 

• Number of fields (eg 15) 

• Maximum size of a field (eg 250 Mb) 

• Time frame to complete the exploration profile (eg 30 years) 
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How to derive RF (shale gas field)? 

1. Mapping of the source rock 

– Cut-off on depth and thickness 

– Maturity map to determine oil and gas windows 

2. Calculation of the HIP density 

– TOC, thickness, porosity, pressure 

3. Elaboration of a development plan 

– Wells count and lay out taking topography into account (no drilling in urbanized areas, 

national parks, lakes, etc) 

4. Predictions 

– Combination type curve x drilling planning 
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29 - 21 April 2010 

Permeability created in the SRV by hydraulic fracking 

horizontal drains from 1000 to 1500 m 
 

 up to 16 frac stages 

 injection of 16000 m3 of water and 1500 t of sand 
 



30 - GSR/PN/NC - Décembre 2009 
30 - Geosciences, Total Canada E&P 2009 

Fracture Stimulation in Gas Shale Play Type 



Shale Gas well after tie in 

31 - GSR/PN/NC - Décembre 2009 



Production profile for unconventional 
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• permeability close to 0  no 
interference between wells 

•  Consequences : 

• Resources proportional to well 
count 

• Production profile tied to the 
drilling planning (additional 
uncertainty) 

 

– Risked resources = high 
quantities x low PS  

•  Consequences : 

• High sensitivity to PS choice 

 



Basin modelling 
The evaluation of the Light Tight Oil in the Paris Basin (1) 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Basin modelling 
The evaluation of the Light Tight Oil in the Paris Basin (2) 

Source : Monticone et al., 2011 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Source : Monticone et al., 2011 

Basin modelling 
The evaluation of the Light Tight Oil in the Paris Basin (3) 

In conventional evaluation we are trying to quantify the expelled hydrocarbons 

For LTO or shale gas we are trying to quantify the remaining hydrocarbons.... 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Basin modelling 
The evaluation of  Light Tigh Oil in the Paris Basin (4) 

Source : Monticone et al., 2011 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Source : Monticone et al., 2011 

Basin modelling 
The evaluation of Light Tight oil  in the Paris Basin (5) 

Upgrading in progress 
(adsorption, organic porosity) 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
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Source : Monticone et al., 2011 

Basin modelling 
The evaluation of Light tight Oils in the Paris Basin (6) 

Recovery factor : 6% = 1 Bbbl ! 
      in the PARIS BASIN 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 
38 
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Basin modelling 
Oil production in the Paris Basin 

Production > 40 000 barrels/day in 1988 
CONVENTIONAL PRODUCTION 

Triassic target 

Production > 10 000 barrels/day in 1963 
CONVENTIONAL PRODUCTION 

Dogger target 

??  LIGHT TIGHT OIL ?? 
UNCONVENTIONAL PRODUCTION 

The story is not over !! 

Production of 1 Billion barrels 
= 

100 000 barels/day during 27 years 

R.Vially – Scenarios for Energy – What future for hydrocarbons ? 



Uncertainty 

The uncertainty is twofold: 

• Will the development project be carried out? 

• If so, what will be the outcome? 
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Will the development project be carried out? 

Definitions 

• Field already on production or close to start up, proven economy  reserves 

• Field under evaluation  contingent resources 

• exploration  prospective resources 

• PS, probability of success:  

risked resources = technical resources x PS 

– Reserves: PS = 100% 

– Contingent resources: PS > 50% 

– Prospective resources: PS between 10% and 50% 
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What will be the outcome? 

• Reserves estimates 

– 1P or P90 or Q10: 90% probability to be exceeded 

– 2P or P50 or Q50: 50% probability to be exceeded 

– 3P or P10 or Q90: 10% probability to be exceeded 

• Resources : Mini/Mode/maxi or Low/Best/high 

• Proven reserves = 1P 

• What is used in the profiles: 2P reserves and risked mode resources 
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Prediction of potential 
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A B C1 C2 E crude NGL EHO GTL KTL Ethane SO/TO SG/TG

Fields on production 

Development approved 

Contingent resources 

EOR 

Exploration 

68% 

23% 

9% 



Sensitivity study 

44 

base case

2 year delay

 + exploration divided by 2

 + unconventional divided by 2

High case

Base case: 2P reserves + mode risked 

resources 

Sensitivity cases: 

• all projects are delayed by 2 years 

• the exploration potential is divided by 2 

• the unconventional potential is divided by 2 



dc - February 5th 2014 45 

Hubbert  curve 

EOR, Alaska & GOM discoveries Shale oil & wet shale gas 



Shale revolution: a game changer in North America 

• After 10 years, shale contributes to 42% of US gas production. 

• USA 1st gas producer worldwide. 

• USA stopped to import gas and will export LNG soon. 

• US Gas price = Europe/3, = Asia/4.5 

• Gas replaces coal in power plants  reduction in CO2 emissions 

• Drop in coal price  export to Europe  shut in of modern gas plants  
increase in CO2 emissions 

• USA 1st producer of liquid hydrocarbons worldwide, self sufficient within the 
next decade  impact on oil price. 

• USA net exporters of petroleum products  impact on European refineries 
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Everything you wanted to know about 

gas…but were afraid to ask 
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Gas is the cleanest of the fossil fuels 
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•  Coal : C + O2  CO2 

• 37 g de CO2 to boil 1 litre of water 

 

•  Gaz : CH4 + 2 O2  CO2 + 2 H2O 

• 17 g de CO2 to boil 1 litre of water 

 
Fuel Calorific capacity 

(MJ/kg) 
CO2  emissions 

(t/MWh) 
Methane 54 0.4 

Oil 38 0.6 

Coal 24 0.8 

Estonian Oil shales 9 1.1 



Transport : gazoduc ou liquéfaction 
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  Les 2/3 du gaz utilisé sont vendus dans le pays producteur et acheminés 
au marché par gazoduc. Le tiers restant est vendu sur le marché 
international, 70% étant acheminés par gazoduc, le reste sous forme de 
GNL. 

• Donc le transport sous forme liquide concerne environ 10% de la 
production. 

• Source : Cedigaz 

• GNL plus économique sur longues distances offshore (> 2000 km). Autre 
intérêt : plus grand choix de marchés. 

• Inconvénient : coût, ressources minimales de 85 bcm (3 tcf). 

  Plus long gazoduc offshore : North Stream, 1224 km sans compression 
intermédiaire, 220 b au départ en Russie, 100 b à l’arrivée en Allemagne, 
revêtement interne antifriction, épaisseur décroissante.  

• Projet Nabucco : 3900 km entre Turquie et Autriche, 31 bcm/an (1 tcf) 

 



Liquéfaction 
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Temperature reduced to -161 °C  Volume divided by 600 : 

 

First commercial plant: Arzew (Algérie), 1964, 3 trains of 280 ktpa 
 
Largest train today: Qatargas 4, 7.8 Mtpa (30 x, power of the 
cooling compressors  8 B747 taking off) 



Autres options : CNG & GTL 
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  CNG : gaz comprimé à 250 b, utilisation dans les transports (NGV) 

• Part actuelle dans les carburants de transport < 1% 

• Part actuelle dans la demande de gaz < 1% 

• Pakistan, Iran, Argentine, Brésil, Inde 

 

 GTL : intéressant si différentiel oil-gas > 13 $/MBTU 

• 1 bcm de gaz (35 bcf) donne 4 Mb d’huile (rendement ~ 0.6) 

• Pearl (QP, Shell), plus grosse usine au monde (140 kbj) comporte 6000 
km de tuyaux 

• Pays développant le GTL : Qatar, Afrique du Sud, Nigéria, Malaisie, 
capacité totale ~ 250 kbj 

• Projets Sasol en Ouzbékistan et aux USA 

• GTL offshore pour gaz acide (Brésil) : CompactGTL (GB). 

• Ressources de gaz associé sans valeur commerciale > 28 tcm selon 
CompactGTL. 



Gas market rigidity 
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 Henry Hub (USA) : < 4 $/MBTU 

 Japan contracts : ~ 15 $/MBTU 

 European contracts : 13 $/MBTU 

Spot UK ~ 10 $/MBTU  

~ ×5 


