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What is Shale Gas?  

Conventional v unconventional gas 
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    The Science 

Unconventional gas is much harder to extract than conventional gas. 
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How is Shale Gas Formed?  

Thermogenesis 

Bacterial Methane: 

Primary type hydrocarbon 

formed in shallow marine 

or freshwater 

environments. 

 

Thermogenic ‘Wet’ Gas: 

Main product of mature 

stage. Formed from 

sapropelic kerogen and 

thermal cracking 

 

Thermogenic „Dry’ Gas: 

Formed during over 

mature stage from all 

kerogen types.  

 

The reserves in the Karoo are most likely ‘dry’ gas.  



How does it work:  

1.Well drilled, steel pipe (casing) 

inserted into well bore 

2.Water, sand and chemical mixture 

injected into shale to create fissures. 

3.Gas escapes through fissures, is 

drawn to surface, processed, refined 

and sent to market. 

4.Waste water/flow back returns to 

surface.  

 

Extracting Shale Gas: 

Hydraulic fracturing 

Fracking is a drilling technique used extract natural gas from shale rock. 

The upfront costs of drilling must be incurred and wells must be fracked before viability 

is known. 
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The Field Economics 

A world of variability 

Depth of shale 
deposit 

Rock 
properties 

Total organic 
compound (TOC) 

Thickness of 
shale 

Shale porosity 

Thermal 
maturity 

Shale 
permeability 

Well design, drilling, production and decline 

rate all depend on……  

• Many factors 
determine the 
quantity of gas 
produced per well 
 

• Estimates exist 
within a large 
range of variability 

The gas flow rate cannot be predicted with any certainty. 
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• Continuous accumulation – dispersed over wide area rather than localised 

• Many wells must be drilled to create a viable reserve 

• 50-60% of capital costs can be sunk without the well being completed. 

• Wells produce less – lower and tighter profit margins 

• Recovery factors for GIP much lower 10-30% 

• Life-cycle short, re-stimulation requires more capital expenditure 

• Long laterals = more fluids, proppant and PSI 

• Highly pressurized system - protection against degradation of fracture 

networks crucial 

• Long term performance determined by petrophysical and success of fractured 

network  

Production rates for unconventional gas are significantly less than for 

conventional gas. 

Features of Shale Gas Fracking 



Conventional v unconventional gas curves 

The total gas reservoir of shale depends on the type of decline curve. 



Haynesville example of decline rates 

The US experience shows decline rates are high in the first 2 years. 



    The Financials 

• F & D - Finding and Development 

• Pre-construction 

• Well spacing 

• Intangible drilling costs (labour, chemicals, fluids, etc.) - no salvage value 

• Tangible drilling costs – salvage value (costs are depreciated) 

• LOE – Lease and Operating Expense 

• Royalties (13-27%) 

• Interest 

• G & A -General and Administrative costs 

• T & F – Transportation and Fractionation costs (esp. for NGLs) 

• Water management 

Costs are composed of fixed and variable costs.  

Typical Cost Breakdown per Well 



Initial production – function of the initial pressure and the exposed 

area.  Area exposed defines the production rate if pressure is kept 

constant. 

Influence of IP on Cash Flow and Economic Limit 

 

• IP crucial - provides high initial revenue and pay-back period 

shorter 

 

• Challenge: high variance of IP in unconventional plays 

 

• Imprecise knowledge and optimal frack method determine IP 

 

• IP also influences subsequent flow rate and EUR 

 

• Unconventional wells = hyperbolic rather and exponential 

IP varies for different wells. 



Other Key Cost Drivers 

• GOR (high gas to oil ratios) 

increase cost of processing 

equipment 

 

• Heavy waxy product  - more 

expensive to separate water 

 

• Maintenance requirements for oil 

and gas production are different 

 

• NGLS require more separation 

and cleaning to condense liquid 

portions 

• Coastal, onshore or offshore 

• Weather 

• Proximity to environmentally 

sensitive areas 

• Sensitive areas will have 

different permitting conditions 

and loops to close 

• E.g.. North Louisiana is 

less expensive to drill than 

south Louisiana because of 

coastal and marsh-land 

(costs = twice as much) 

• Access to sites 

• Natural and human barriers 

• Settlements 

Product Type Land 



A Hypothetical Example of a Base Case Model Which 

Can Be Used to Develop Cost Scenarios 
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Key issues: EUR and the number of ‘sweet spots’ in the field. 



Summary of Economic and Rent Model 



Water issues associated to shale gas 

3 main issues: 

• The large volumes of water required for hydraulic 
fracturing 

• Dealing with large quantities of toxic wastewater  

• Possible contamination of ground and surface water 
sources 



Water issue: water quantity (context) 

Figure: Water withdrawals and consumption for the production of various fuels 

Shale gas is considerably more water-intensive than conventional gas 



Water issues: Quantity (figures) 

Source Amount of water per 

well 

Notes 

DMR (2012) 24 million litres  
1.6 million l per stage 

x 15 stages 

Clark (2013) 10 – 22 million litres  

Of which 0.8 – 1.2 

mio l for drilling &  

8.7 – 20.8 mio l for 

hydraulic fracturing 

Lutz (2013) 

11.5–19 million litres  

(Marcellus shale, 

Pennsylvania, US) 

 

Freyman (2014) 9.5 million litres  
On average, across 

all shale plays in US 

Slingerland (2014) 15 – 20 million litres 
 

 

US DoE cited in 

Hansen (2013) 
11 – 19 million litres  

De Wit (2011) 10 – 20 mio litres 
 

 
 

Estimates vary depending on well depth and length and geology, but are 

all in the order of 10+ mio litres per well  

(excl re-fracking, which can double these figures) 

*Beaufort West 
average daily water 
demand =  
approx. 7 mio l 



Water issues: Possible water sources 

Considering the large volumes of water needed as carrier fluid and its 

limited availability in the Karoo, a combination of all the above sources is 

likely to be necessary 



Water issues: Wastewater management 

Uncertainty on amounts of wastewater larger, depends on geology, which 

in the Karoo is largely unknown at those depths 

 

Nevertheless, likely to be very large volumes of toxic wastewater that will 

need to be treated and disposed of safely -> where? 

Study 
Amount of water 

required 
% of returned water 

DMR (2012) 
24 million l  

 
<50% of frac fluid 

Lutz (2013) 
11.5–19 mio l 

(Marcellus shale) 
8-15% 

API (2010) 
 

 
10-70% 

Hansen (2013) 
 

 
6%-8% of water injected 

Mantell (n.d.) 
 

 
10-300%  

De Wit (2011) 
 

 
40% of injected fluid 

 



Water issues: Potential contamination pathways of 

freshwater per stage Chemical mixing:  
• Release to surface and ground water through 

on-site spills and/or leaks.  
 
Drilling, well injection and production: 
• Release of hydraulic fracturing fluids to ground 

water due to inadequate well construction or 
operation; 

• Movement of hydraulic fracturing fluids from the 
target formation to drinking water aquifers 
through local man-made or natural features 
(e.g., abandoned wells and existing faults); 

• Movement of natural substances found 
underground, such as metals or radioactive 
materials, which are mobilized during hydraulic 
fracturing activities; 

• Release of flowback or produced water to 
surface and ground water through faulty well 
casing or spills and/or leaks from on-site storage. 

 
Waste water treatment and disposal:  
• Contaminants reaching drinking water due to 

surface water discharge and inadequate 
treatment of wastewater; 

• Byproducts formed at drinking water treatment 
facilities by reaction of hydraulic fracturing 
contaminants with disinfectants. 

 



WELL-
HEAD 

EXPORTS 
LNG TERMINAL 
PIPELINE 

POWER 
SECTOR 

TRANSPORT 

FEEDSTOCK 

GTL 
NGV 
CNG 

CHEMICALS 

OIL AND GAS 
SERVICES 

HEATING/COOKING 

ELECTRICITY 

GAS 

IMPORTS 
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Gas Upstream and Downstream Value Chain 



 
Commercial Viability of Dry Shale Gas  

The debate 

 

• Studies have found that costs 

exceed the revenue that 

natural gas market prices 

alone have generated every 

year for the past five years. 

 

• High domestic gas prices 

provided incentive to increase 

drilling 

 

• Most sources suggest that 

the average shale gas well is 

not commercial below $7/mcf  

 

• Costs of regulatory 

compliances are expected to 

increase costs by 10-25% in 

future 
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Costs & 

revenues 

for US shale 

gas 

operators 

Average 

field based 

wellhead 

costs are 

nearly equal 

to Henry 

Hub prices 

Margins for shale gas production are tight and depend on the shale gas price. 

    The US Experience 



+15% 
Information 

descriptor 

Can appear 

below 

the numbers  

Gas prices over a 10-12 year period 

Gas prices have tracked each other but Henry Hub prices have come down. 
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• Cash flows under stress 

 

• Every quarter promoters appear to write 

down assets  

o Research suggests write-downs by 

several of the largest shale players 

are now approaching $35b 

 

• Financial performance of shale gas- & 

tight oil-focused companies active across 

the major US plays progressively 

worsened until Q3 2013 

 

• Shale debt almost doubled over past 4 

years  

 

• Research shows that 61 companies 

account for $163.6 billion worth of debt in 

Q1 2014 and $2 billion in finance costs 

 

 

 

 

 

 

The views reflected in this article are the views of the author and do not necessarily reflect the views of global 

Ernst &Young or its member firms or the Oxford Institute for Energy Studies or any of its members. 
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rising debt and production, the rising cost of debt to total revenues and negative cash flow, which add 

to concerns about the sustainability of the business. Company data also shows that the cash flow per 

share of US independents, many of which are investing in shale and tight oil prospects, is negative 

and has been trending more negative with time.  

 

However, although the market (and some industrial investors) may be wrong, or unable to distinguish 

profitable from unprofitable opportunities, there remain a large number of investors who have made 

substantial investment as well as many that believe that these companies will eventually make 

money, especially from M&A activity. 

 

Figure 2: Financial survey of 35 US shale gas/tight oil companies 

 

 
Source: Energy Aspects; In focus – the other tale of shale, Oct 2013; Other analysis EY 

 

 

Figure 3: Cash flow per share of US oil and gas independents 

 

 
 

Source: Bloomberg; Independent Analysis 
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What Can We Understand About Financial 

Performance and Write Downs in the Industry? 

US drillers are struggling to keep pace because of high decline rates and 

elevated capital expenditure.  



Why the Drilling Treadmill? 

 

 

• Tied in by land lease to private land owners – need to 

pay royalties 

 

• Investments in equipment & infrastructure 

 

• Tied in by bank debts 

 

• Share prices a concern 

 

The plummeting gas price and increasing debt is pushing many drilling 

companies into shale oil. 



• Cost advantage for 

petrochemicals production, 

fertilizers and steel making 

 

• Long term impacts on 

competitiveness need to be 

unpacked  

o With gas finds across the 

world & creation of export 

capacity for LNG, gas will 

be available to other 

markets 

o What will happen to gas 

prices globally? 

o Will low gas prices reduce 

incentives for energy 

efficiency, impacting long 

term competitiveness?  C
re
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it
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Reduction in blast furnace fuel cost per ton of hot metal 

13 December 2012 

The Shale Revolution  105 

Exhibit 161: Ethylene production cost per ton for future crackers (including 
coproduct credits) 

 

Note: Assumes normalized input and co-product pricing (at mid-decade levels). 
Source: Company data, Credit Suisse estimates. 

 

Exhibit 162: US capacity addition announcements 

 

Source: Company data, Credit Suisse estimates. 

We believe the key beneficiaries of this shale-driven boost in profitability (shown in 

Exhibit 162) in the United States are LYB (Outperform, TP $60), DOW (Outperform, TP 

$34) and WLK (as well as the chemical assets of PSX, XOM, EMN, Shell, and Ineos). 

These names should continue to benefit from the cost advantage until at least 2015-16. At 

that point, we expect a slew of domestic capacity to come online which will likely put some 

downward pressure on profitability as it tightens up the supply/demand balance for ethane 

(unless there are further ramps in the supply of ethane and other NGLs to support all 

these expansions).  

Ethylene production cost per ton for future crackers  

Impact on the US Economy: 

Cheap gas prices have had some positive impact on US 

industries 

Long term competitiveness is a result of multiple factors. 



• In the long term, is it fair to 

assume that lower primary 

energy prices mean lower 

productions costs for goods 

and services?  

 

• Role of energy costs in 

overall structural costs key to 

competitiveness 

 

• Important to understand what 

determines competitiveness 

in country and industry 

context 

 

• Important to unpack if 

manufacturing base in 

country can take advantage 

of cheap gas 

Cost structure of US manufacturing 

Share in overall costs in 2010 

KFW, 2013 

But energy prices are not the only factor that 

determines competitiveness 

Energy costs can improve competitiveness but are not the only factor. 



US EIA Electric Power Monthly  March 2014 

• Electricity prices for different 

consumer categories in US have 

not declined 

 

• Tariff charged by electric utilities 

are based on electricity prices set 

by public utility commissions 

 

• Cheap gas does not mean cheap 

electricity 

o Fuel prices are only one 

component of energy prices 

o Where electricity prices are 

deregulated, prices are 

determined by marketplace 

factors such as supply & 

demand, time of consumption, 

seasonal variation, weather 

conditions, etc.  

o Where would cost of gas based 

generation be in the merit 

order? 

Average retail electricity prices in US 

Cheap gas does not necessarily translate into cheap 

electricity 

Electricity pricing in the US is complicated. Fuel prices are only one component thereof. 



 

 

 Governments globally are 

looking to capture a share 

of the “economic rent” 

from exploitation of a 

public resource 

 

 Companies pay royalties 

on sales of marketable 

natural gas & pay for 

extraction rights that are 

auctioned off by 

governments 

 

 Experience shows that 

while gas production has 

increased, royalties 

received by governments 

have been falling, in part 

due to low market prices   

 

 

Gas production vs. gas revenues in British Colombia  
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2008 2009 2010 2011 2012 

Royalties 35.1 23.4 23.8 16.2 7.7 

Proceeds for Dallas-Fort Worth Barnett airport authority 

from shale development project   
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The contribution of shale gas to Government revenues 

needs closer scrutiny 

Government royalties are related to gas production, gas price and whether or not they 

can be recouped in the first 5 years. 



Job creation estimates need rigorous analysis 

• Shale gas related employment 

statistics show different pictures 

 

• But statistics need unpacking 

o Reporting is not standardized 

o Definition of jobs & dividing 

lines not clear 

o Timeframes vary 

o Dependent on number of 

wells drilled 

o Lifecycle understanding poor 

o Net jobs vs. gross jobs 

o Quality of jobs 

 

• For the future 

o Cost adjustments in 

response to gas prices 

o Increasing technological 

efficiency will reduce jobs 

o Dynamics of high skilled 

labour 

Shale gas is expected to create more than 1.6 

million jobs by 2035 in the US 

Direct jobs = drilling 
Indirect = supplier 
Induced = supporting services such as restaurants 

Industry sponsored studies on job creation need more disaggregation. 
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Shale-related employment in US as a share of total 

covered employment 

 

Shale related employment accounted for only 0.22% of total covered 

employment in the US in 2012. 



But does shale gas create long term jobs? 
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Direct Employment Through Phases of Well Development for 

Wyoming, Ireland 

The majority of jobs in shale gas come from the production stage – but these 

jobs are not permanent. 

• Almost 10 times 

more jobs in the 

drilling phase than 

in production 

 

• But jobs in the 

drilling stage  are 

not permanent. 

 
(Jeffrey Jacquet, 2012) 

 



• Geological knowhow & 

data 

• Uncertainty on resources 

& recoverable       

reserves 

• Scale  

• Gas market 

• Production  costs 

• Infrastructure costs 

(example drill rigs) 

• Regulatory compliance 

• Environmental 

• Cost of business in 

country 

• Land ownership & 

mineral rights 

• Environmental, water 

& waste  

• Monetization strategy 

• Equipment & 

services availability 

• Input & beneficiation 

infrastructure 

• Skills 

• Financial/capital 

markets Uncertainty Infrastructure 

Regulatory 

landscape 

Costs 

 
Factors About the US & SA That Make the Shale 

Revolution Difficult to Replicate in SA 

    US v SA 

The key cost drivers will be skills, equipment and in our view water. 



Technology 

Geological 
Knowledge  

Oil and Gas Price 
Developments 

Drilling Intensity 

Externality Costs  

 

 

 

 

• Traditional estimation methods 

may over-state or 

underestimate reserve 

estimates 

• Horizontal drilling and fracturing 

methods are new so we don‟t 

have enough to rely on for 

predicting productivity of wells; 

• Extraction of shale gas is 

difficult, expensive and high 

decline rates mean drilling pace 

has to be increased; 

• Environmental issues are not to 

be underestimated and cost 

money to deal with; 

• Total uncertainty of life-span of 

shale-gas in the US; 

• Need to develop a base case 

economic viability model for 

shale gas in South Africa. 
 

 

 

 

 

Major economic drivers of shale oil and 

gas 

Conclusion 



Disclaimer 

This presentation may not be 
replicated or distributed without 

prior written consent from WWF and 
without appropriate 
acknowledgement.   



For more information please contact Saliem Fakir at 
sfakir@wwf.org.za 

Thank-you 


