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Coal
In U.S. economy, coal accounts for about 25%of primary energy 
consumption 

Total US coal consumption will increase from 1.05 to 1.44 billion short tons 
between 2001 and 2025, an average increase of 1.3 % per year

Coal is predicted to be the primary fuel for US electricity generation 
through 2025.

74 gigawatts (76,000 MW) of new coal-fired generating capacity may be 
constructed in US between 2001 and 2025.  Centralia coal fired power plant 
has 1400 MW generating capacity.







• New Pulverized Coal Power Plants Are:
Energy systems with 50 – 60 year lifetimes;  
Most carbon-intensive energy system investments;
Some Say Difficult to add CO2 capture to pulverized 

coal fired power plant - but PowerSpan has 
demonstration project at First Energy Coal-Fired 
50 MW Power Plant at Shadyside Ohio to go on-
line in 2008 with CO2 injection into geologic 
formations for CO2 sequestration.

• Large numbers of new PC power plants are projected to be 
built over the next 25 years – primarily in China and India.
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Oxygen

Products (syngas):

CO  (Carbon Monoxide)

H2  (Hydrogen)

[CO/H2 ratio can be adjusted]

By-products:

H2S  (Hydrogen Sulfide)

CO2  (Carbon Dioxide)

Slag (Minerals from coal)

Extreme Conditions: 
• Up to 1,000 psig or more
• Nominal 2,600 Deg F
• Corrosive slag and H2S gas
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Most US Electric Power plants built in last 15 years have been Natural Gas 
Combined Cycle plants (NGCC).

Plants built at Goldendale, Tacoma, Centralia, Sumas, Washington.

Combust natural gas in jet engine turbine, exhaust gases heat water in Heat 
Recovery Steam Generator (HRSG), make steam which drives steam turbine.

Integrated Gasification CC
plant produces
“Syngas” which replaces
Natural Gas in this
“Combined Cycle” Power Plant

Natural Gas Combined Cycle
NGCC
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Power Plant Typical Emissions by Technology Type
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Coal Plant NOx Emission Rates
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• Solid Wastes
Less Volume: IGCC produce about half the solid wastes 

of conventional coal plants.
Better Form: IGCC solid wastes are less likely to leach 

toxic metals than fly ash from conventional coal 
plants because IGCC ash melts and is vitrified 
(encased in a glass-like substance).

• Water Use
Less Water: IGCC units use 20%-50% less water than 

conventional coal plants and can utilize dry cooling 
to minimize water use.





















































Nuclear Power Plants in US
No new order has been placed for nearly 30 years, Why?
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103 Nuclear Power Plants
Totaling 99 GWe



Trojan Nuclear Power Plant, Rainier Oregon
Portland General Electric (PGE) Began construction Feb 1970, commercial 

operation began May 1976.
Had 35 year license which was to expire 2011.
Problems with construction errors, steam tube cracking, etc.
Some radioactive leaks.
Dec. 1992, PGE staff scientists said Trojan may be unsafe to operate.
1978 Oregon vote prohibited PGE from charging ratepayers costs for electrical 

power plants not providing power to customers.
But Oregon Public Utility Commissions allowed PGE to continue to charge 

ratepayers for costs of Trojan plant even though it closed in Jan, 1993.  Class 
action lawsuit says PGE must pay customers for unlawful profits.

Pilat Opinion is that PGE shut down Trojan in Jan 1993 because the cost for 
electric power generation was too high compared to hydropower and coal 
power plant power.

The Trojan 499 ft high cooling tower was demolished on May 21, 2006.

If new Nuclear power plants were economically feasible in the Western US, the 
Oregon Trojan site would have been a possible site for a new plant because the 
nuclear plant infrastructure was already there. 

Why are some in the US Federal Government “lobbying” for the construction of 
new Nuclear Power Plants in the United States?



• An IGCC places the chemical plant in the front end of plant.
• In contrast, a conventional coal power plant is less efficient because it 

places a chemical plant at the back end, attempting to capture pollutants 
after combustion and much dilution.

• But, the capital costs of a IGCC plant are about 20% greater than for a 
• Conventional coal power plant & a IGCC is more complicated to operate.



SCPC IGCC
% Increase 
due to SCPC

Sulfur Dioxide 0.15 0.03 400%
Nitrogen Oxide 0.07 0.07 0%
Carbon Monoxide 0.12 0.03 300%
VOC 0.0035 0.0017 106%
Hg 1.1E-06 5.6E-07 100%
PM 0.018 0.011 64%
Sulfuric Acid Mist 0.01 0.0005 1900%
Notes: Elm Road Wisconsin permit limits issued by WDNR January 2004, expressed 
in lb/MMBtu. This air permit is a good comparison of IGCC and SCPC because 
it is for both technologies at the same site using the same Pittsburgh #8 bituminous coal.

• Electric Utiltity Industry Culture
– IGCC is a chemical plant.  Power companies understand 

combustion, not chemical process plants.
– Perceived and actual technical and financial risk.

• Why build an IGCC if you can get a permit for a conventional 
coal plant?

Is IGCC BACT? (BACT = Best Available Air Pollution 
Emission Control Technology)?



If a conventional coal power plant is proposed for construction If a conventional coal power plant is proposed for construction in US, should in US, should 
IGCC be evaluated as an alternative option in the permit to consIGCC be evaluated as an alternative option in the permit to construct review by truct review by 
the State Governments (such as Wash Dept of Ecology) and EPA?the State Governments (such as Wash Dept of Ecology) and EPA?

StatesStates
Yes: Yes: Illinois,        Montana,        New MexicoIllinois,        Montana,        New Mexico
No: No: Wisconsin,  West VirginiaWisconsin,  West Virginia
Undecided:Undecided: Many statesMany states

Federal GovernmentFederal Government
May issue an opinion through permit appeal federal court decisioMay issue an opinion through permit appeal federal court decision.  n.  

PilatPilat Opinion:  IGCC will not be ruled as BACT for a coal fueled poweOpinion:  IGCC will not be ruled as BACT for a coal fueled power r 
plant.plant.
Why?  1) Not any fullWhy?  1) Not any full--sized electric utility IGCC coal fueled power plants sized electric utility IGCC coal fueled power plants 
operating in US.  2) Court more likely to decide that as long asoperating in US.  2) Court more likely to decide that as long as coal coal 
fueled power plant reduces criteria air pollutants (PM, fueled power plant reduces criteria air pollutants (PM, SOxSOx, CO, , CO, NOxNOx, , 
Hg) to BACT emission levels, Hg) to BACT emission levels, methodolgymethodolgy for emission reduction is for emission reduction is 
choice of power plant.choice of power plant.

Montana has large coal reserves and intends to develop Montana has large coal reserves and intends to develop ““cleanclean”” coal coal 
fueled power plants and Governor wants IGCC built in Montanafueled power plants and Governor wants IGCC built in Montana..

Best Available Control Technology (BACT) and IGCCBest Available Control Technology (BACT) and IGCC



• IGCC power plants are being proposed (NW Energy has proposed a coal-fueled 
power plant in Kalama, Washington, possibly an IGCC plant) 

• IGCC plants claim to be cleaner than conventional coal-fired power plants but this 
implies that CO2 is absorbed, collected, and not emitted into atmosphere.

• Capital Costs of IGCC are significantly greater (20%) than that of conventional coal-
fired power plants.

• Regulatory crossroads - Is IGCC BACT for producing electricity from coal?
• With the increased cost of natural gas, natural gas fueled turbine electric generating 

station electric power costs are greater than from conventional coal power plants 
(but they take less time to permit and construct, lower capital costs). 

• US Electric utilities reluctant to propose construction of new nuclear power plants 
because of high capital costs and they are not able to pass these costs onto the rate 
payers (which was possible prior to 1978 when electric utilities were monopolies and 
less expensive electric power was not allowed to be transmitted long distances). 

• Some funding for “environmental concerns” about air pollutant emissions from 
conventional coal fired power plants has been provided by companies and/or groups 
having competing electric power generation equipment or processes which produce 
more expensive electric power; such as the natural gas company Chesapeake Energy 
of Oklahoma City which funded the “Texas Clean Sky Coalition” to lobby against 
the construction by TXU of the new coal fired power plants in Texas.

Pilat Concluding Observations on Coal Fired Power Plants



Electric Utility Monopolies
Prior to deregulation which started in 1978, US Electricity was supplied 

by regional monopolies (Seattle City Light, Puget Sound Power & 
Light, Washington Water Power, Pacific Power & Light, etc.)

State Utility Commissions regulated the electricity cost to the ratepayer 
and the electric rates were related to the utilities % return on their 
capital investment.

This encouraged electric utilities to purchase high capital cost
power plants such as nuclear power plants (high capital 
cost, low fuel cost) rather than low capital cost power 
plants (oil or natural gas fueled turbine generators).

Washington Public Power Supply System, WPPSS, (changed name to 
Energy Northwest) started construction in 1972 to build some large 
nuclear power plants but decreased power needs, poor engineering and 
construction, increased costs, and the loss of their monopoly resulted in 
the largest default on municipal tax exempt bonds in US history ($2.25 
billion). The Columbia Nuclear Power Plant north of Richland on the 
Hanford site is a 1200 MW reactor and was completed in 1984.  



Impact of Emissions from 
Distributed Electrical Generation 

on Air Quality in the Sydney Basin

This section  concludes that Distributed Electrical 
Generation results in reduced CO2 greenhouse 
emissions compared to central electrical power 
generation by coal fired power plants.



Aim of the Australian Study

Assess the possible Air Quality impacts 
and Greenhouse Gas abatement from 
significant Electric Distributed 
Generation deployment in the 
Australian market.



What is Distributed Generation 
(DG)?

• DG is small scale electricity generation at, 
or close, to the point of use
Currently, most on-site generators are “emergency”
units exempt from air pollutant emissions 
requirements.

• The U of Washington has 10 megawatts of diesel engine 
electrical generation at U of W power plant to furnish UW 
Hospital with emergency power when needed. 



Central Generation
Coal Fired Power Plant

Distributed Generation
Internal Combustion Engine



Fossil-Fueled Distributed Generation Engines?

Noisy ?
Smelly ?

Dirty ?Toxic ?

Diesel Engines with no air pollution control equipment
emit particulate air pollutants and NOx

Natural Gas Engines are relatively clean.



Distributed Generation Systems
Regulators

Scientists and Engineers
Environment

Who will own the distributed electric 
generation installations?

Will Electric Utilities Lose Their Monopoly?

Overview



Fossil-Fueled DG Systems
• Internal Combustion (IC) Engine fueled

by:   Diesel   or  Natural Gas
• Natural Gas Turbine  (common in US 

for large electrical generation facilities)
• Internal Combustion Engine Fueled by 

Natural Gas with Waste Heat Utilization
(Co-Generation) 



Regulatory Agencies - implications of DG

• Fossil fueled DG technologies increase of 
air pollutant emissions at the point of use. 
These emissions may have a positive or  
negative impact on both local and regional 
air quality. 



Methodology Used in the Study

• 2001-2002 NSW annual electricity 
consumption was scaled down to Sydney 
based on Sydney-NSW population ratios.

• Of total Sydney electricity consumption, 15% 
was assumed from DG - (based on tripling 
the existing DG)

• The amount of electricity from DG equates to 
approximately 500 MW



Changes in Emissions of CO2 depend 
on the technology adopted
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Conclusions
• Distributed Electrical Generation 

technologies reduce CO2 emissions relative 
to centralized electrical power plants

• DG Natural Gas reciprocating engines with 
waste heat utilization (i.e. cogeneration) 
found to produce the highest greenhouse 
gas savings followed by diesel engines, gas 
engines (without waste heat utilisation), and gas 
turbines.

Why is Distributed Electrical Generation not Used in the US?
U of W Power Plant has space for 2nd 5 megawatt Steam Turbine 
to generate Electricity but it has never been installed?  Why?















































LIC = Liquid Injected CoGen



LIC = Liquid Injected









LIC = Liquid Injected CoGen





Conclusions on Micro Co-Generation
• Reduces overall emissions of CO2
• Reduces fuel consumption because of electrical power 

generation.
• May be opposed by:
a) Electric utilities (reduces electricity sales)
b) Cities, counties, & states (reduces utility tax receipts)
c) Governmental air pollution control agencies (unregulated air 

pollutant sources although emissions from small natural gas 
heating furnaces now unregulated  and do not require permits).

d) Heating and air conditioning installation contractors who now 
have a monopoly on the installation, maintenance, and repair of 
home heating and air conditioning appliances (electric utilities
such as Seattle City Light and some PUDs used to maintain 
electrical appliances such as home heat pumps, electric water 
heaters, etc.)

e) Natural gas companies which sell natural gas to natural gas 
fueled electric generating plants (large increase in natural gas
electrical generating plants in the last 10 years)
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