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Energy MarketEnergy Market & & Exergy UCGExergy UCG

Q:Q: How to meet growing Energy Demand
with

• Depleting Natural Gas resources
• High Oil Prices 
• Constraints of the Kyoto Protocol 

at an affordable cost?

- The Essence…



Energy Market & Energy Market & Exergy UCGExergy UCG ((εεUCGUCG™™))

A:A: εεUCG for:UCG for:
• IGCC Power Generation
• Synthesis of Clean Fuels & Chemicals
• Replacing coal and NG in Power Plants
• Replacing NG as Chemical Feedstock

- The Essence…



UCG - How it Works



εUCG Technology:
--Energy, Energy and UCGEnergy, Energy and UCGX

The exergy (ε) is the energy of a substance or a process 
available for doing work in a given environment, i.e. the 
truly usable part of energy (Z. Rant, 1955)

where S is entropy, V - volume and p – pressure of the 
system, ni – number of moles and μi - chemical potential 
of the substance i of the system, the subscript 0 relates 
to the reference environment
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εUCG Technology:
–– What’s the DifferenceWhat’s the Difference

Maximized Exergy Output
Minimized Exergy Dissipation into the 
Environment
Custom-Made Gasification System
Low Capital & Operation Costs
Cheap Gas ⇒ Cheap End Products



εUCG vs. Conventional Coal:
-- Technical Advantages…Technical Advantages…

• Safer, simpler, cleaner, and more versatile 
resource extraction method

• Tripled available resources
• Cleaner transport
• Zero waste disposal requirement 
• Significant reduction in CO2 , particulates, 

SOx and NOx emissions
• Potential CO2  capture and sequestration



εUCG vs. Conventional Coal:
-- Economic Advantages…Economic Advantages…

• Conventionally Unminable Coal Becomes 
Commercial

• Much Lower Capital Cost
• Much Shorter Construction and 

Commissioning Time
• Cheaper transport
• Low Labour Requirement (Cost)
• Low Rehabilitation Cost



εUCG vs. Natural Gas:

• Manufacture of gas vs. exploration for gas 
– the long term supply contracts guarantee

• Far greater available resources
• Our Gas is 1/3 the price of NG
• Gas Turbine performance: + 25% better
• Significant reduction in NOx emissions
• Potential CO2  capture and sequestration
• Synthetic Natural Gas @ competitive cost



εUCG Plant:
- Products & By-Products
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εUCG Plant:
- Products & By-Products
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εUCG Power Generation 
-- 400 MW 400 MW GE Frame 9FA: GE Frame 9FA: εεUCG vs. NGUCG vs. NG



εUCG Power Generation 
-- Output and EfficiencyOutput and Efficiency
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εUCG Power Generation 
-- Comparing Air EmissionsComparing Air Emissions
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εUCG & Canada Energy Future:
-- GGE from Power Generation & Kyoto TargetsGGE from Power Generation & Kyoto Targets
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εUCG Power Generation 
-- Capex of New Power plants, CanadaCapex of New Power plants, Canada
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εUCG Power Generation 
-- Cost of ElectricityCost of Electricity
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εUCG & Hydrogen Economy:
-- The cheapest HThe cheapest H2 2 sourcesource



εUCG & Hydrogen Economy:
-- COCO22-- SequestrationSequestration

Adapted from LLNL, with permission



εUCG Technology: 
- Getting there…

Commercial Projects
in Power Generation and 

Chemical Industries 



•9 process wells; capacity 80,000 Nm3/h (eq. 70MWe)

• 35,000 t of coal extracted, Over 80 million m3 of gas,  LHV=5.0 MJ/Nm3,    
p = 1100 kPa, t = 300o C

The Chinchilla Project
-- The Largest and the Longest in the West…The Largest and the Longest in the West…



The Chinchilla Project
-- CoalCoal--toto--Liquid PlantLiquid Plant

th



The Chinchilla Project
-- CoalCoal--toto--Liquid PlantLiquid Plant

• Diesel Fuel Output: 2 X 12,000 bblpd
• Syngas Production: 1.7 million Nm3/h
• Coal Consumption: 4.7 million t/a
• Coal Oil By-Product: 115,000 t/a
• Power output: 400 MWe
• Power export: 360 MWe



The Chinchilla Project
-- UCGUCG--IGCC PlantIGCC Plant



The Chinchilla Project
The Dates to Remember…The Dates to Remember…

• Nov. 1997 – Site Selection
• July 1999 – Site Characterization
• Sept. 1999 – Design Complete
• Dec. 12, 1999 – Construction Complete
• Dec. 26, 1999 – Gas produced
• April 2003 – Controlled Shutdown Complete
• Late 2005 – Installation of GT on site



The Chinchilla Project
-- Gas Production Gas Production ––100% Availability100% Availability
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Continuous Large Scale Air-Blown Gasification
Environmental management
Workplace Health & Safety management
95% recovery of targeted coal resource
75% of total energy recovery
Reliability and continuity of supply for 30 months
High quality and consistency of syngas
Pilot System for Syngas Cleanup
Environmentally clean shutdown procedure

The Chinchilla Project
-- Results to DateResults to Date



The Chinchilla Project
-- Groundwater MonitoringGroundwater Monitoring
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• No groundwater contamination
• No subsidence has occurred
• No surface contamination 
• Controlled shutdown completed
• No environmental issues to-date
• Annual independent audit –

full compliance with Environmental 
Management Plan and EPA regulations

The Chinchilla Project
-- Environmental RecordEnvironmental Record



The Chinchilla Project
-- Current StatusCurrent Status

Maintained in 
Preparation for a 
Gas Turbine & 
Gas Cleanup 
plant



Majuba εUCG  Project:
-- CoCo--Firing (South Africa) Firing (South Africa) 

Majuba 
Power 
Plant:

4,200 MWe



Majuba εUCG  Project:
-- CoCo--Firing (South Africa) Firing (South Africa) 



Majuba εUCG  Project
-- ReRe--Powering 4,200 MWe PlantPowering 4,200 MWe Plant



Majuba εUCG  Project
-- ReRe--Powering 4,200 MWe PlantPowering 4,200 MWe Plant



Co-firing of 
εUCG gas 
with coal 
and 
petcoke –
310 MWe

Nova Scotia εUCG Project:
-- Reducing Cost and SOReducing Cost and SO22--emissions…emissions…



Nova Scotia εUCG Project:
-- Reducing Cost and SOReducing Cost and SO22--emissions…emissions…

2005
Power Plant Case Scenario SO2, t/a ΔSO2, t/a SO2, kg/MWh Cost, C$/GJ Fuel,M$/a Change,M$/a Change,%

Coal Petcoke UCG
Trenton #5

Coal 2.44 Current 1.00 0.00 0.00 7,680 0 13.752 2.44 29.28 0.00 0.00
Petcoke 1.10 UCG 0.50 0.00 0.50 7,476 -204 13.388 1.97 23.64 -5.64 -19.26
UCG 1.50 UCG/S Rmvl A 0.50 0.00 0.50 3,877 -3,803 6.942 2.22 26.64 -2.64 -9.02
UCG/S Rmv.L 2.00 UCG/S Rmvl B 0.40 0.10 0.50 7,472 -208 13.381 2.09 25.03 -4.25 -14.51

Trenton #6
Coal 1.89 Current 0.73 0.27 0.00 18,301 0 30.723 1.68 21.18 0.00 0.00
Petcoke 1.10 UCG 0.40 0.00 0.60 7,826 -10,475 13.138 1.66 20.92 -0.26 -1.23
UCG 1.50 UCG/S Rmvl A 0.40 0.00 0.60 3,280 -15,021 5.506 1.96 24.70 3.53 16.66
UCG/S Rmvl 2.00 UCG/S Rmvl B 0.50 0.30 0.20 17,835 -466 29.941 1.68 21.16 -0.02 -0.10

Lingan
Coal 3.03 Current 0.93 0.07 0.00 42,394 0 18.978 2.90 144.46 0.00 0.00
Petcoke 1.11 UCG 0.50 0.00 0.50 61,319 18,926 27.451 2.27 113.00 -31.46 -21.78
UCG 1.50 UCG/S Rmvl A 0.50 0.00 0.50 16,423 -25,971 7.352 2.52 125.47 -18.99 -13.14
UCG/S Rmvl 2.00 UCG/S Rmvl B 0.36 0.14 0.50 37,351 -5,042 16.721 2.25 112.06 -32.40 -22.43

Total Current 68,375 -15,721 194.92 -38.30
Total Optimal 52,654 156.62

Cost, $/GJ Fuel Mix 



Barmer εUCG Project:
-- Phased IGCC DevelopmentPhased IGCC Development
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Barmer εUCG Project:
-- Phased IGCC DevelopmentPhased IGCC Development

PRELIMINARY RESOURCE EVALUATION
GEOLOGICAL SETTINGS

PARAMETERS TARGET BLOCK
DEPTH(M)* 200-900

NO. OF SEAMS 1-3
DIP ANGLE OF FORMATION 3-4

THICKNESS 5-22

FAULT DENSITY (FAULT/KM)1 <2



Barmer εUCG Project:
-- Phased IGCC DevelopmentPhased IGCC Development

PRELIMINARY RESOURCE EVALUATION
RESOURCE QUALITY

PARAMETER TARGETBLOCK
 RANK LIGNITE

 MOISTURE 35-40%

 ASH 14-26%
 HEATING
VALUE(KCAL/KG)

3500

 SULPHUR 0.7-3%

 PERMEABILITY MODERATE

 SWELLING INDEX <0.5



Barmer εUCG Project:
-- Phased IGCC DevelopmentPhased IGCC Development

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

Pilot Plant & Feasibility Study 15 months

Project SetUp 2 m-s

Site Selection &Pre-Feasibility 3 months

Site Characterization 3 months

Pilot Plant Design& Construction 3 months

Pilot Plant Operation 3 months

Bankable Feasibility Study 3 months

First IGCC Plant 175 MWe 24 months

Commercial Gas Production
 - design & tender 5 months

 - order major plant items 2 m-s

 - delivery of above 10 months

 - installation & construction 6 months

 - commissioning 2 m-s

Power plant Construction 24 months

Second IGCC Plant 175 MWe 24 months

Commercial Gas Production
 - design & tender 5 months

 - order major plant items 2 m-s

 - delivery of above 10 months

 - installation & construction 6 months

 - commissioning 2 m-s

Power plant Construction 24 months

Third IGCC Plant 400 MWe 24 months

Commercial Gas Production
 - design & tender 5 months

 - order major plant items 2 m-s

 - delivery of above 10 months

 - installation & construction 6 months

 - commissioning 2 m-s

Power plant Construction 24 months
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Clean Coal technology 
Environmentally Tested
Cost Competitive 
Worldwide Applications

The Exergy UCG Technology
-- Look who’s here…Look who’s here…


