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Energy Policy = Choice of Fuel(s)

“Use What You Have!”
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Primary Energy Consumption by Fuel - Mtoe

Source: BP Statistical Review of World Energy 2018

13,511.2 Mtoe = 555.4 Quads

U.S. = 91.86 Quads

Primary Energy: Consumption by fuel*
2016 2017

Million tonnes oil equivalent Oil Natural 
Gas

Coal Nuclear 
energy

Hydro 
electric

Renew -
ables Total

Oil Natural 
Gas

Coal Nuclear 
energy

Hydro 
electric

Renew - 
ables Total

Percent of 
2017 Total

US 907.6 645.1 340.6 191.9 59.7 83.1 2228.0 913.3 635.8 332.1 191.7 67.1 94.8 2234.9 16.5%
Canada 107.0 94.1 18.9 21.8 87.6 9.6 339.0 108.6 99.5 18.6 21.9 89.8 10.3 348.7 2.6%
Mexico 90.1 79.0 12.4 2.4 6.9 4.1 194.9 86.8 75.3 13.1 2.5 7.2 4.4 189.3 1.4%
Total North America 1104.6 818.2 371.9 216.1 154.2 96.8 2761.9 1108.6 810.7 363.8 216.1 164.1 109.5 2772.8 20.5%

Brazil 135.7 32.4 15.9 3.6 86.2 19.1 293.0 135.6 33.0 16.5 3.6 83.6 22.2 294.4 2.2%
Total S. & Cent. America 320.8 150.6 34.9 5.5 156.4 28.6 696.8 318.8 149.1 32.7 5.0 162.3 32.6 700.6 5.2%

France 79.2 38.3 8.2 91.2 13.6 8.4 238.9 79.7 38.5 9.1 90.1 11.1 9.4 237.9 1.8%
Germany 117.3 73.0 75.8 19.2 4.6 38.3 328.2 119.8 77.5 71.3 17.2 4.5 44.8 335.1 2.5%
Italy 59.8 58.5 11.0 - 9.6 14.8 153.8 60.6 62.0 9.8 - 8.2 15.5 156.0 1.2%
Spain 64.2 25.0 10.5 13.3 8.2 15.4 136.7 64.8 27.5 13.4 13.1 4.2 15.7 138.8 1.0%
Turkey 47.1 38.2 38.5 - 15.2 5.4 144.4 48.8 44.4 44.6 - 13.2 6.6 157.7 1.2%
United Kingdom 76.3 69.6 11.2 16.2 1.2 17.6 192.2 76.3 67.7 9.0 15.9 1.3 21.0 191.3 1.4%
Total Europe 719.3 434.7 295.1 195.2 146.1 144.2 1934.6 731.2 457.2 296.4 192.5 130.4 161.8 1969.5 14.6%

Russian Federation 152.5 361.3 89.2 44.5 41.8 0.3 689.6 153.0 365.2 92.3 46.0 41.5 0.3 698.3 5.2%
Total CIS 202.8 492.6 156.2 63.3 56.3 0.8 972.0 203.4 494.1 157.0 65.9 56.7 0.9 978.0 7.2%

Iran 80.7 173.1 0.9 1.5 3.5 0.1 259.8 84.6 184.4 0.9 1.6 3.7 0.1 275.4 2.0%
Saudi Arabia 173.8 90.6 0.1 - - ^ 264.5 172.4 95.8 0.1 - - ^ 268.3 2.0%
United Arab Emirates 45.7 62.3 1.5 - - 0.1 109.6 45.0 62.1 1.6 - - 0.1 108.7 0.8%
Total Middle East 416.0 437.6 9.1 1.5 4.6 1.0 869.7 420.0 461.3 8.5 1.6 4.5 1.4 897.2 6.6%

South Africa 28.7 4.0 84.7 3.6 0.2 1.8 123.0 28.8 3.9 82.2 3.6 0.2 2.0 120.6 0.9%
Total Africa 192.6 114.5 94.9 3.6 27.1 5.2 438.0 196.3 121.9 93.1 3.6 29.1 5.5 449.5 3.3%

Australia 50.5 35.9 43.6 - 4.0 5.4 139.5 52.4 36.0 42.3 - 3.1 5.7 139.4 1.0%
China 587.2 180.1 1889.1 48.3 261.0 81.7 3047.2 608.4 206.7 1892.6 56.2 261.5 106.7 3132.2 23.2%
India 217.1 43.7 405.6 8.6 29.0 18.3 722.3 222.1 46.6 424.0 8.5 30.7 21.8 753.7 5.6%
Indonesia 74.2 32.9 53.4 - 4.4 2.6 167.4 77.3 33.7 57.2 - 4.2 2.9 175.2 1.3%
Japan 191.4 100.1 118.8 4.0 18.1 18.8 451.2 188.3 100.7 120.5 6.6 17.9 22.4 456.4 3.4%
South Korea 128.9 41.0 81.9 36.7 0.6 3.1 292.2 129.3 42.4 86.3 33.6 0.7 3.6 295.9 2.2%
Taiw an 48.6 17.2 38.6 7.2 1.5 1.0 114.0 49.2 19.1 39.4 5.1 1.2 1.2 115.1 0.9%
Thailand 62.1 43.5 17.7 - 0.8 2.8 126.9 63.9 43.1 18.3 - 1.1 3.4 129.7 1.0%
Total Asia Pacific 1601.1 625.1 2744.0 106.0 368.5 140.8 5585.5 1643.4 661.8 2780.0 111.7 371.6 175.1 5743.6 42.5%

Total World 4557.3 3073.2 3706.0 591.2 913.3 417.4 13258.5 4621.9 3156.0 3731.5 596.4 918.6 486.8 13511.2
34.4% 23.2% 28.0% 4.5% 6.9% 3.1% 100.0% 34.2% 23.4% 27.6% 4.4% 6.8% 3.6% 100.0% 100.0%
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Making Electricity
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Making Electricity - The Terminology
˗ Prime Movers are Mechanical Devices 

that extract power from energy  level 
differentials in their working fluids

– Sources are the high side
– Sinks are the low side

˗ Most Prime Movers are Heat Engines
˗ Working Fluid is the media used to

– Extract the heat from the source/high 
side at a high pressure & temperature

– Expand thru the Prime Mover, causing 
equipment rotation

– Recover remaining heat & pressure on 
the low side

– Return Working Fluid to the system a 
closed cycle

– Exhaust Working Fluid to the 
atmosphere in an open cycle

˗ The prime mover drives
– An Electric Generator, or
– Mechanical devices such as compressor 

and pumps
˗ The higher the energy differentials , the 

smaller the equipment
˗ The smaller the equipment the faster it 

runs and the lower the cost
˗ The equipment used in heat cycles are 

– Turbines
– Reciprocating engines

– Cycle Efficiency improves with greater high 
side pressure and temperature
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Working Fluids

˗ Steam
– Supercritical (SCPC)
– Ultra-supercritical Pulverized Coal 

(USCPC)
– Nuclear
– Geothermal 
– Concentrated Solar

˗ Air/Vitiated Air
– Gas Turbine
– Wind Turbine

˗ Organic Fluid
– Organic Rankine Cycle (ORC)
– Ocean Thermal–Ammonia
– Geothermal

Water
– Hydroelectric
– Wave
– Tidal

˗ Helium
– Pebble Bed Modular Reactor (PBMR)
– Molten Salt Reactor (MSR)

˗ CO2
– Allam Cycle
– Molten Salt Reactor
– Super-critical CO2
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Units of Measure
Units of Mass
− Ton (short) = 2000 lb
− tonne  (metric) = 1000 kg = 2205 lb
− Mt = mmt = million metric tonnes
− Gigatonne (Gt) = 1000 Mt 

Measures of Efficiency
− Power Plant Heat Rate 

−Btu/kWh
− Power Plant Efficiency

−3412 Btu/kWh/Plant Heat Rate
− LHV & HHV Fuel Heat Content

−The gas company sells HHV
−Utilities normally use HHV
−Gas Turbine Industry advertises/uses LLV
−Natural Gas

− LHV = 23,860 Btu/lb
− HHV = 21,501 Btu/lb

− The effect is a 10% difference in claimed efficiency

− Net Output vs. Gross Output

Units of Cost
− Plant Cost  ($/kW)
− LCOE – Levelized Cost of Electricity (mils/kWh)

Utilization Rate 
− Capacity Factor % = kWh produced/kWh rated

− 85% Pulverized Coal
− 75% NGCC
− 20-30% Wind

Each fuel has:
− An energy content - Btu/lb
− A carbon content – lb-CO2/mmBtu
Each Power Plant (type) has efficiency or “heat rate” – Btu/kWh



“Practical Strategies for Emerging Energy Technologies”
®basee

Hydrocarbon Fuels Energy Content
Energy Content 

(Btu ) Btu/lb
Electricity 1 Kilowatt-hour 3412 -

Butane 1 Cubic Foot (cu.ft.) 3200       20,185 
Coal 1 Ton 28000000       14,000 

Crude Oil 1 Barrel - 42 gallons 5800000       19,153 
Fuel Oil no.1 1 Gallon 137400       16,756 
Fuel Oil no.2 1 Gallon 139600       19,579 
Fuel Oil no.4 1 Gallon 145100       18,918 
Fuel Oil no.5 1 Gallon 148800       18,859 
Fuel Oil no.6 1 Gallon 152400       18,815 
Diesel Fuel 1 Gallon 139000       20,020 
Gasoline 1 Gallon 124000       20,418 

Natural Gas 1 Cubic Foot (cu.ft.) 950 - 1150       23,623 
Heating Oil 1 Gallon 139000       16,951 
Kerosene 1 Gallon 135000       19,795 

Pellets 1 Ton 16500000         8,250 
Propane LPG 1 Gallon 91330       21,745 

Propane gas 60oF 1 Cubic Foot (cu.ft.) 2550       21,544 

Energy Source Unit

Coal:  C137H97O9NS
Natural Gas:    CH4
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Stationary Combustion Carbon Emission Factors

Sub-Bituminous Coal = 97.02 kg/mmBtu x 2.20462 lb/kg = 213.9 lb-CO2/mmBtu
Lignite = 96.36                                             = 212.44

Bituminous Coal = 93.40                                             = 205.91
Natural Gas = 53.02                                             = 116.88

“Natural Gas is ½ of Coal”
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“The Calculations”

116.38𝑙𝑙𝑙𝑙 − 𝐶𝐶𝑂𝑂2
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

∗
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Coal w/90% CCS

Gas without CCS

Gas w/CCS

Combined Cycle

Simple Cycle
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EPA Output Ratings 2015 – lb-CO2/MWh

Baseline
Report

Fuel
Carbon Factor - lb-CO2/mmBtu 116.4 116.4 116.4 203.3 203.3 203.3 203.3

Power Plant
   - Type SC NGCC NGCC PC SCPC USCPC USCPC
   - Heat Rate (HHV) - Btu/kWh 9885 6602 7162 8795 8268 7975 7187
   - Efficiency - HHV% 34.5% 51.7% 47.6% 38.8% 41.3% 42.8% 47.5%
   - Efficiency - LHV% 38.3% 57.3% 52.9% 43.1% 45.8% 47.5% 52.7%
   - Thermal Input - mmBtu 850 850 850 850 850 850 850
   - Rating  - MW@850 mmBtu/hr 85.99 128.74 118.68 96.65 102.80 106.58 118.28

Emissions - lb-CO2/MWh
  - Unabated 1150.4 768.4 833.5 1788 1681 1622 1461

  - Applicable Threshold
   - Interim 1150 832 832 1534 1534 1534 1534
   - Final 1150 771 771 1305 1305 1305 1305

CCS % required to meet final threshold 0.04% 0.00% 7.50% 27.02% 22.37% 19.52% 10.69%

Natural Gas Bituminous Coal

Coal has to employ CCS….
…..Gas does not!
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Utility Generation
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The Rankine Cycle 

˗ Steam
– Supercritical (SCPC)
– Ultra-supercritical Pulverized Coal 

(USCPC)
– Nuclear
– Geothermal 
– Concentrated Solar

˗ Organic Fluid
– Organic Rankine Cycle (ORC)
– Ocean Thermal–Ammonia
– Geothermal

W = Work
Q = Heat



“Practical Strategies for Emerging Energy Technologies”
®basee

Closed Rankine Cycle Steam Power Plant
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Power Cycle Energy Flows – 500MW Pulverized Coal

100% - 39% = 61% heat rejection

60.55%
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The Brayton Cycle
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Siemens Gas Turbine Generator
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Gas Turbine Rotor
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Impact of Design Conditions on Efficiency

Source: NREC

The hotter the better - The higher the pressure the better
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Utility Size Pressure/Temperature Ranges

2642℉

Higher pressure and higher 
temperature improve simple 
cycle efficiency, but they rise 

together to control exhaust 
temperature

Ef
fic

ie
nc

y

Mass Flow

compressor 
pressure ratio

Turbine Inlet Temperatures



“Practical Strategies for Emerging Energy Technologies”
®basee

Natural Gas Combined Cycle - NGCC

“Utility-Scale CHP”
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Natural Gas Combined Cycle - NGCC

Simples Cycle Gas Turbine Section
42-43% LHV Efficiency

1100 lb-CO2/MWh

Combined Cycle “Adder”
63-65% LHV Efficiency

800 lb-CO2/MWh
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Heat Recovery Steam Generator (HRSG)

Exelon’s 1000 MW Wolf Hollow 
NGCC Power Plant in Granbury, TX
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DOE Advanced Coal Power Generation
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Nuclear Power Plant



“Practical Strategies for Emerging Energy Technologies”
®basee

Advanced Nuclear

Pebble Bed

Molten Salt

Heat Exchangers are a Challenge
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Concentrating “Big Solar”

− Project Partners
− Bright Source Energy
− NRG Energy (NRG Renew)
− Google
− Bechtel

− Three  self-contained units
− 3500 acres
− 5 miles end-to-end
− 4 types of heliostats depending on distance
− Air-cooled condensers

Source: Power Magazine August 2104
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Ocean Thermal Gradients
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Geothermal
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Organic Rankine Cycle

• Low Grade Heat Recovery
• Matches working fluid to available temperatures

– Geothermal 90% Isobutane/10% Isopentane
– Concentrated Solar Power (CSP)
– Gas Turbine exhaust
– Landfill
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Distributed Generation
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Combustion Engine 
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Combined Heat & Power (CHP)
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Engine or Gas Turbine Cogeneration (CHP)
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Recuperated Brayton Cycle

Let’s use the waste/exhaust heat
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Microturbines

DOE Catalogue of Microturbine Technologies March 2015
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Small Gas Turbine Performance
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Proton Exchange Membrane (PEM)
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PEM Fuel Cell Efficiency
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Solid Oxide Fuel Cell - SOFC
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Solid Oxide Fuel  Cell-Gas Turbine Hybrid (SOFC-GT)
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Renewables and Their Integration
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Renewable Portfolio Standards
− Seven states—Hawaii, California, Nevada, Colorado, 

Minnesota, Connecticut, and Oregon—have effective RPS 
requirements of 25 percent or greater.

− Six states – CA, MI, NY, MN, IL and VT – are seriously 
debating an increase in their RPS this year.

− Ohio: With the signing of Senate Bill 310 in 2014, Ohio became 
the only state to “freeze” its RPS, effectively halting the state’s 
mandates for efficiency and renewables until 2017. In 2017, 
these standards should pick up where they left off when the 
freeze occurred, however an Energy Mandates Study Committee 
is reviewing wholesale changes to the standard. In this context 
of policy uncertainty, renewable energy employment and 
investment is moving away, to more welcoming states.

− Legislators in four states (CO, MT, CT, and NH) have voted 
down proposals to diminish or repeal RPS policies this year.

Source: American Wind Energy Association (AWEA)

AEO 2015 Total U.S. renewable 
generation by fuel in 2013 & six 2040 
cases (billion kWh)

Net total available to the grid
2013 = 3,888 billion kWh (~14%)
2040 Ref = 4,672 billion kWh (~19%)

− Renewables get to dispatch 
first

− If they can make power, the 
grid has to take it

− Imposing their inherent 
variability on the entire grid
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Renewables Levelized Cost 2010 & 2014

$0.14/kWh

$0.05/kWh
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Demand Response
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Demand Response
− DR as changes (usually 

reductions) in electricity usage 
by end-use customers from 
their normal consumption 
patterns. 

− In response to changes in the 
price of electricity or to direct 
incentives, typically at times of 
high wholesale market prices or 
when system reliability is 
jeopardized.

− An important distinction for DR 
is that it must be dispatchable
by a utility or system operator, 
or be initiated by a customer in 
response to a non-fixed price 
signal. Demand Response is an important 

component of “Smart Grid”

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLa3hs_gi8kCFYNuPgodYZcJKg&url=http://blogs.cas.suffolk.edu/mjalmana/2012/04/24/demand-response/&bvm=bv.107406026,bs.1,d.cWw&psig=AFQjCNEq0FEz0HmtB4I-wZla1lSax9vJtQ&ust=1447447565683897
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Time of Day Rates Encourage Customer DR
Summer

On-Peak Mid-Peak Off-Peak Total
Annual Operating Hours 650 975 2015 3640
Electric Demand Charge - $/kW/month 16.50 2.45 3.30 5.43
Electric Rate - $/kWh 0.1445 0.0680 0.0430 0.0678
Demand Charge - $/kWh 0.1269 0.0126 0.0082 0.0306
Average Electric Rate - $/kWh 0.2714 0.0806 0.0512 0.0984

Months of Operation-Summer 5

Winter
On-Peak Mid-Peak Off-Peak Total

Annual Operating Hours 0 1972 3124 5096
Electric Demand Charge - $/kW/month 0.00 0.00 3.30 2.02
Electric Rate - $/kWh 0.0000 0.0800 0.0460 0.0592
Demand Charge - $/kWh 0.0000 0.0000 0.0074 0.0045
Average Electric Rate - $/kWh 0.0000 0.0800 0.0534 0.0637

Months of Operation-Winter 7

Total
On-Peak Mid-Peak Off-Peak Total

Annual Operating Hours 650 2947 5139 8736
Electric Demand Charge - $/kW/month 16.50 0.81 3.30 3.44
Electric Rate - $/kWh 0.1445 0.0760 0.0448 0.0628
Demand Charge - $/kWh 0.1269 0.0042 0.0077 0.0154
Average Electric Rate - $/kWh 0.2714 0.0802 0.0525 0.0781

Months of Operation-Total 12

Resource Dispatch Under User Control
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Wind Integration Costs

− Integration includes:
− Fluctuating output profile costs
− Output uncertainties balancing costs 
− Grid costs

Source: System LCOE: What are the costs of variable renewables?
Falko Ueckerdt, Lion Hirth, Gunnar Luderer, Ottmar Edenhofer
Paris, June 20, 2013    32th International Energy Workshop

As presented  by John Thompson Clean Air Task Force CCS –
Pittsburgh 2104

At higher penetration, 
integration costs for wind 
exceed generation costs.
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Dealing with an even “Bigger” Duck

Source: Bonnie Marini – Siemens Energy
Through Power Engineering
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Integrating Renewables “Dealing with The Duck”

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOv8srGmgskCFYJEPgodJPUGpQ&url=http://www.ccj-online.com/integrating-renewables-may-call-for-some-combined-cycles-to-start-twice-daily-increasing-emissions/&psig=AFQjCNFNpkMFv6KV2IhP2GmCBWihLfLT1w&ust=1447122704663144
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKbkzY2ngskCFUZVPgod22gGAA&url=http://www.menloenergy.com/?p=234&bvm=bv.106923889,d.cWw&psig=AFQjCNFwYQ91TGjVA0YVU10wbp-4ZGZf6g&ust=1447122909796446
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Economic Merit Order Dispatch 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPfe4f3WjckCFUQ9Pgod7-YMUA&url=http://www.genscape.com/solutions/power/europe-market-forecasting/epsi-platform/fundamental-data&psig=AFQjCNFFeO729q8YmW0k3eRyl5SBpPYgWw&ust=1447513151438680
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Impact of Intermittent Renewables on Merit Order

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOPhz5TYjckCFUt7PgodqvoBYQ&url=http://energy.sia-partners.com/20130723/power-at-a-negative-price-an-insidous-effect-of-a-market-model-promoting-renewables&psig=AFQjCNE9oM9Zh2SPIF7b3rA7AjmYxwrpng&ust=1447513927832071
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Shift in Supply Cost Curve with Renewables
Fossil Assets Pushed Back In Merit Order
− Reduced load factor 85% to 65%
− Rapid ramp rates and start/stop operation
− Off-design operation

− Efficiency penalty
− Emissions penalty
− Reduced revenue

− Retain obligation for grid stability 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOPhz5TYjckCFUt7PgodqvoBYQ&url=http://www.c2es.org/publications?topic=2536&psig=AFQjCNE9oM9Zh2SPIF7b3rA7AjmYxwrpng&ust=1447513927832071
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La Paloma Plant Going Bankrupt

http://www.reuters.com/article/us-la-paloma-
bankruptcy-idUSKBN13V2PY

The La Paloma natural gas-fired generating plant in 
McKittrick, California. REUTERS/Handout/Files 

http://www.reuters.com/article/us-la-paloma-bankruptcy-idUSKBN13V2PY
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Exelon's Texas merchant subsidiary files bankruptcy

˗ ExGen Texas Power owned five generating facilities in the Lone Star state, but the 
bankruptcy agreement will change that.

˗ Exelon blamed the financial woes on "historically low power prices within Texas" that 
created "challenging market conditions for all power generators, including the five 
natural gas-fired EGTP plants."

˗ The Exelon development comes as Vistra Energy announced plans to close three coal-
fired power plants in Texas — part of the 5,625 MW of fossil fuel capacity that is slated 
to be retired or mothballed in the state in the coming year.

˗ EGTP owns two combined-cycle gas plants, two gas-fired steam boilers and a small 
simple-cycle plant. 

˗ Cheap gas has been pushing coal off the grid in some markets, and Texas' wind power is 
now having some of the same effect on gas. The Handley plant is a 3-unit, 1,265 MW 
facility located in Fort Worth, providing electricity to customers in the Electric 
Reliability Council of Texas.
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Energy Storage Technologies
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Pumped Hydro Storage
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Compressed Air Energy Storage (CAES)

Source: Dresser-Rand

Split the two components of a gas turbine
1.Compressor
2.Turbine (Expander)

So they can operate at different time(s) of day
Turbine may be “fired” or “un-fired”

Optional Combustor

Compressed 
Air Storage
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Gas-Battery Spinning Reserve
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AEO2017 Cost & Performance New Generating Tech

Power Plant Conversion Efficiency (and Cost)
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Competitive Positioning Based on EPA NSPS-2014

Case 12 vs. Case 13
− 5X first cost
− ½ the efficiency
− Coal cost up 

44% since 2010
− Coal cost up 

80% since 
original 2007 
baseline

Source data: 
DOE/NETL- Baseline 
341/082312
August 2012

DOE/NETL- Baseline 
2010/1397
November 2010

At $4.00/mmBtu gas
LCOE  for NGCC is 1/3 of Coal w/CCS 

Case 11 12 13 14
CO2 Capture No Yes No Yes

Gross Power Output - kWe 580,400 662,800 564,700 511,000
Auxilliary Power Requirements - kWe 30,410 112,830 9,620 37,430

Report Net Power Output - kWe 549,990 549,970 555,080 473,570

Net Plant HHV Efficiency - % 39.30% 28.40% 50.20% 42.80%
Net Plant HHV Heat Rate - Btu/kWh 8,687 12,002 6,798 7,968

Total Plant Cost - $/kW 1995 3583 725 1509
Total Overnight Cost - $/kW 2452 4391 891 1842
Total as Spent Cost - $/kW 2782 5006 957 1986

LCOE - mils/kWh 80.95 137.28 59.59 86.58

CO2 Emissions - lb/MWh 1768 244 804 94

$/MMBtu 2.94 2.94 6.13 6.13

Load Factor 85% 85% 85% 85%

kW Nominal Gross 580,411 662,836 559,532 593,471
550,000 kW Nominal Net 550,000 550,000 550,000 550,000

Total as Spent Capital $1,529,834,783 $2,753,292,297 $526,223,607 $1,092,280,160
Cost Premium vs. NGCC Case 13 1,003,611,175 2,227,068,690 − 566,056,553

kWh/year 4,095,300,000 4,095,300,000 4,095,300,000 4,095,300,000
MMBtu/year 35,575,871 49,151,791 27,839,849 32,631,350

Annual Fuel $104,593,061 $144,506,264 $170,658,277 $200,030,178
Fuel Cost vs. NGCC Case 13 ($66,065,216) ($26,152,012) − $29,371,901

LCOE $331,514,535 $562,202,784 $244,038,927 $354,571,074
Fuel% 31.6% 25.7% 69.9% 56.4%

$60.00 per tonne $197,051 $27,194 $90,438 $9,021
CO2 Cost vs. NGCC Case 13 $106,612 ($63,244) − ($81,417)

tonnes-CO2/year 3,284 453 1,507 150

Supercritical PC NGCC
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The War on Coal Begins in 2014

− Coal with CCS
− First Cost $/kW is ~5x
− Levelized Cost of Electricity is 2.3x
− Efficiency is ~1/2
− w/Natural Gas at $6.13

8740  w/o CCS
12000  w/CCS
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EIA Analysis of the Clean Power Plan – 5/22/2015

− Reference (AEO)
− Base Policy (CPP)
− Policy with High Oil & Gas Resource (CPPHOGR)

There is no mention of Climate Change in the report
and…

There is no mention of CO2 concentration…
Let alone a target of 2C/450 ppm!

Page 18; Para (4) “…..and static CPP targets in the post-2030 period in the CPP case allow existing coal-fired 
plants to operate at a higher utilization rate which rises from a low of 60% in 2024 to 71% in 2040.” 
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Basic Comparisons 

Source: CIA World Factbook

PS…  .Total Value of Outstanding Student Loans - $1.2 trillion
U.S. health care cost 2014 - $3.3 trillion
U.S. Household Debt 2017 - $13.2 trillion

World Total Installed Electrical Generating Capacity 6301GW

China USA India Japan Germany Russia

Population - July 2014 est 1,379,302,771 326,525,791 1,281,935,911 126,451,398 80,594,017 142,257,519
Population Growth Rate 0.41% 0.81% 1.17% -0.21% -0.16% -0.08%

Area - km2 9,596,960 9,826,675 3,287,263 377,915 357,022 17,098,242

GDP - Purchasing Power Parity ($trillion) 23.1 19.4 9.4 5.4 4.2 4.0

Installed Generating Capacity GW 1,646 1,074 309 322 204 264
% of World at 6301GW 26% 17% 5% 5% 3% 4%
Electric Production TWh 6,142 4,088 1,289 976 559 1,008
Electric Consumption TWh 5,920 3,911 1,048 934 515 890
Aggregate Load Factor 42.6% 43.5% 47.6% 34.6% 31.3% 43.6%

Natural Gas Production - BCM 138.4 766.2 31.2 4.5 8.7 598.6
Natural Gas Consumption - BCM 210.3 773.2 102.3 123.6 79.2 418.9

Refined Petroleum Products Production - mmbbl/d 10.9 20.1 4.8 3.5 2.2 6.2
Refined Petroleum Products Consumption - mmbbl/d 11.8 19.7 4.1 4.0 2.4 3.6

Coal Production - Million Tonnes Oil Equivalent 1827.0 455.2 283.9 0.7 42.9 184.5
Coal Consumption - Million Tonnes Oil Equivalent 1920.4 396.3 407.2 119.4 78.3 88.7
Source: CIA World Factbook
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