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Future global gas market and its drivers 

Global uncertainties as opportunities? (IEA, 
2011) or large uncertainty around key 
factors?  

• Widely divergent estimates of shale gas 
potential: resources (e.g. USGS recent 
revisions) + cost  “two key questions about 
shale gas revolution in US: will it continue or 
fizzle out; and will it be replicated elsewhere? 
It is the answers to these questions that 
generate the enormous uncertainty that is 
engulfing the global gas market” (Stevens, 
2011) 

• Future GHG path, nuclear, … 

 

Potential role of unconv./shale gas 

 Natural gas as ubiquitous (developed near to 
markets), cheap (gaining market shares), 
environmentally benign source? 

 Revolution in the world energy industry, 
transforming world energy trade, geopolitics 
and climate policy? 

 Single global market and LNG deployment 
(current capacity under-utilization)?  

 Lower gas prices (as in recent years)?  

 Diversification EU energy system 

 RES deployment? 

 … 

The shale gas “revolution” 

High uncertainty + “complexity” of global energy system  
 very different possible directions for global gas market 
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The shale gas “revolution” 

Types of unconventional gas (requiring non-standard drilling techniques) 

• Coal-bed methane (CBM) 

• Tight gas 

• Shale gas 

• Gas hydrates 

• Aquifer gas 

 
Since 2000 shale gas production from 1% of US production to 20% in 2009:  
 “Production of ‘unconventional’ gas in the U.S. has rocketed in the past few 

years, going beyond even the most optimistic forecasts. It is no wonder that its 
success has sparked such international interest… A few years ago the United 
States was ready to import gas. In 2009 it had become the world's biggest gas 
producer. This is phenomenal, unbelievable.”  

  Anne-Sophie Corbeau, International Energy Agency 
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JRC-IET report 

“to further enhance its security of supply, Europe’s potential for sustainable 
extraction and use of conventional and unconventional gas fossil fuels resources 
should be assessed” (European Council, 2011) 

 
JRC-IET report: THE ECONOMIC IMPACT OF UNCONVENTIONAL GAS IN EUROPE 

 
• European unconventional gas reserves in the global context 
• Technology  
• The Economic Impact of Unconventional Gas 
• Indigenous Production: Understanding the viability unconventional gas  
• Modelling the future economic impact of unconventional gas in Europe 
 
Methodology: 
 Evidence based policy and practice (EBPP), systematic review 
 Energy system modelling 
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ETSAP – TIAM:  
regions and Reference Energy System 

Labriet, Loulou, Kanudia, 2007 
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Natural gas in TIAM (1): trade 

Review and update of global gas 
resources and trade (1): 

i. Existing and projected 
infrastructures 

ii. trade links for pipeline gas 
and LNG 

iii. Transport costs for inter-
regional energy trade: 
modeled through capacities 
(existing and new) for 
pipeline gas and LNG 

… 
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Natural gas in TIAM (2): resources 

… Review and update of global gas resources and trade (2): 

iv. Natural gas resources / reserves 

v. Natural gas production costs 
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Shale gas resources in TIAM: uncertainty 
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Uncertainty analysis 

Uncertainty analysis important part of analyses for complex 
systems: uncertainty in elements of y resulting from 
uncertainty in elements of x 

 
A conventional approach: Monte Carlo sampling, by sampling 

repeatedly from the assumed joint probability density 
function of the Xs and evaluating Y for each sample 

  reasonable estimates for distribution of Y if n is large 
 
Sampling procedures: 
• Simplest random sampling: from uncorrelated variables, 

each sample element generated independently of all 
other elements  

• Stratified sampling has the advantage of forcing the 
inclusion of specified subsets of sample space while 
maintaining the probabilistic character of random 
sampling 

• Alternative: constrained Monte Carlo sampling scheme, 
Latin hypercube sampling  efficient stratification 
across the range of each sampled variable 
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Uncertainty analysis and TIAM  

Objective: to explore a range of possible 
uncertainties (associated to model inputs) 

1. Identification main uncertain parameters 

2. Characterize their probability distribution 

3. Two methodological requirements: 

•  limited number of runs of huge complex 
models like TIMES 

• for meaningful results, good coverage of the 
input parameters space 

solution: to sample the joint distribution of 
the input parameters by space-filling latin 
hypercube sampling.  

4. Model runs as sample size 

5. Model results to statistically characterizes the 
distribution(s) of the outputs 
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Uncertain parameters 

10 input parameters: 

 

• Shale gas resources for 8 regions of the model (Africa, Australia, China, 
Central & South America Eastern Europe, Middle East, USA, Western Europe)  
 8 input parameters; uniform distributions (equal probability between min 
& max values)  

• Production cost  1 input parameter; triangular distribution  

• GDP growth  1 input parameter; triangular distribution  
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Sampling 

• Generation of the sample for which the model is run : n points in 10 dimensional 
space 

• How to generate?   experimental design 

• Here  space-filling design  maximin Latin Hypercube Sampling (efficient 
stratification properties, LHS primarily intended for use with long running 
models) 

• each input parameter has all portions of its distribution represented (the 
range of each input parameter is divided into n strata of equal marginal 
probability and sample once from each stratum) 

• the input space is optimally filled in (here maximizing the minimum distance 
between the samples points 
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LHS – a two dimensional representation 

A simple example: 

Input variables = 2 

n = 5 

two dimensional 

representation of the  

Latin hypercube sample 
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Complete Latin Hypercube Sampling, n=20 

• Pairwise projections 
• Histograms on the diagonal 
• Gradually add other points up to  

n=20, 30, …, 70  
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First attempt: design with n=10 
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Global shale gas production (n=10) 
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Global shale gas production: 2 cases 
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Uncertainty characterization of the outputs (a)  

 

 

 

 

 

 

 

 

 

 

 

 
 

A boxplot pictures groups of numerical data using five of their summaries : the smallest observation, lower quartile, median (here in 

black), upper quartile, largest observation (+outliers) 
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Uncertainty characterization of the outputs (b) 
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Pipeline gas - 2005 
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Impact of shale gas on trade 

Shale gas resources = 5,547 EJ  
Prod. Cost (avg) = 5.9 $/MBtu 

GDP growth (world) = 3.3% p.a. 

 
 Shale gas production = 57 

bcm 

Shale gas resources = 6,072 EJ 
Prod. Cost (avg) = 3.8 $/MBtu 
GDP growth (world) = 3.8% p.a. 
 

 Shale gas production = 
2245 bcm 
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