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Carbon Markets



US doesn’t have carbon markets …
 At least at the Federal level
 BUT it has one regional carbon market – RGGI – for the 

North East states and 
 One proposed carbon market for California and possibly the 

west coast states
 RGGI is over-supplied and not currently a major force at $5 

per ton CO2 – but this could change
 California is currently an unknown with expectations at 

about $7-10 per ton CO2



But it has implicit carbon markets
 30 states have RPSs – Renewable Portfolio Standards –

requiring that X% of electric power be generated from 
renewable sources
 Renewable defined differently in different states, and X varies 

from state to state

 Generally accompanied by REC markets – Renewable 
Energy Certificate markets



REC markets
 Each MWh of renewable energy generated gives rise to a 1 

MWh REC certifying the production of renewable power
 To conform with RPS, utilities have to deliver RECs at year 

end matching their renewable obligations under the RPS
 RECs are traded and can be sold by renewable producers and 

are a major source of revenue
 REC markets aren’t CO2 markets –they’re markets for the 

absence of CO2 and serve to level the playing field between 
fossil and non-fossil fuels just as a CO2 market does in the 
EU



US EIA Annual Energy Outlook 2011
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Production tax credits
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 Available for generation of renewable energy, only to owners. 
Start-ups tend not to have tax liabilities

 Pattern has been to bring in investors needing tax relief and 
make them co-owners of facilities

 Drop in incomes of financial institutions means they no 
longer need tax breaks

 So PTCs have become of limited value
 US Treasury will now give cash grants instead of tax credits
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Investment tax credit
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 Renewable Energy Investment can generate federal tax credit 
or a cash grant

 Eligibility is same as PTC
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Fossil Fuels
Coal Gas Oil in the US



US EIA Annual Review 2010. Supplies in quadrillion BTUs. 



Coal in the US



Coal 
 Coal is the most widespread fuel in electricity generation
 Over 40% of world’s installed base of electricity generating 

capacity is coal-fired
 Main source of industrial energy for about 200 years

 Until recently it was also the least expensive
 Today wind and gas are competitive or perhaps less costly
 Coal produces a lot of CO2 and is sensitive to a price on carbon



US EIA Annual Review 2010. Supplies in quadrillion BTUs. 



US coal production from US EIA AEO 2011. Risen since 1970 as oil prices have increased.
Now almost no power stations burn oil. 



US coal prices “minemouth” i.e. before transportation, which can add 
10% or more. EIA AEO 2011. Natural gas is >$4 per mm BTU.
Coal is cheaper than gas but coal burning power stations are more expensive



Country Proven reserves MT % world total

US 237,295 22.6%

Russia 157,010 14.4%

China 114,500 12.6%

Australia 76,500 8.9%

India 60,600 7.0%

Germany 40,699 4.7%

World coal reserves millions of tons



Country Annual
prod’n MT

% of total Years of 
prod’n

China 3240 48.3% 35

US 984.6 14.8% 241

Australia 423 6.3% 180

Russia 316.9 4.7% 495

Coal production and years left at current rates of production



Coal technology
 Most power stations crush coal and burn the powder –

pulverized coal. 
 Pulverized coal has a thermal efficiency of 35-45%
 Can also gasify coal using IGCC technology – Integrated 

Gasification Combined Cycle
 Turn coal into natural gas then burn in combined cycle power 

plant – much cleaner than conventional power stations. 
 Only 2 IGCC power plants in the US. Capital costs higher.



Environmental Impact
 Burning coal produces
 Carbon dioxide CO2 the main greenhouse gas. Roughly half 

world’s CO2 comes from coal
 Particulates, fine particles that enter the lungs and cause 

respiratory illness
 SO2, precursor of acid rain
 NOx, the oxides of nitrogen (all fossil fuels produce these by 

oxidizing the nitrogen in the atmosphere)



Environmental Impact
 In addition coal mining is dangerous and leads to accidents –

over 5,000 deaths annually worldwide
 29 in US in 2009
 Mountain top removal



West Virginia



Air pollution headlines
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 Air Pollution Blamed for 3% of Deaths in the United 
States

 … Switzerland, France, and Austria). The findings of this 
study stunned participants at the recent World Congress on 
Lung Diseases in Florence, Italy, where it was revealed that 
PM10s in the 3 countries concerned were responsible for 
40,000 deaths a year.

 Medscape.com



Air pollution deaths China
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External costs of coal
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 Provides 40% of world’s electric power and >50% of its 
GHGs

 External costs in US of about $350 billion annually
 Mining accidents
 Pollution impacts on health – 20-50,000 deaths annually in US 

from particulate pollution

 Charging for these would send cost of power from coal from 
7 cents/kWh to 25 cents

 Would radically change inter-fuel competition 



Carbon capture and storage
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 Critical to future of coal
 Currently no commercial-scale implementations though 

some being built now
 Capturing CO2 probably easy
 Storing for 1000 yrs more difficult 
 Some efficiency loss in power generation
 Probably expensive – some controversy about possible cost, 

so far no hard data
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CCS involves 3 stages
1. Capture CO2
2. Transport CO2 to storage location
3. Store CO2



Summary: Economics of Coal
 Low cost energy source – about 6-7cents kWh LCOE
 Capital costs $2000 kW for pulverized coal but much more 

for IGCC plants
 But its environmental costs are high – this makes it 

vulnerable to environmental policies
 Capturing CO2 or paying for CO2 could add 2-4 cents to a 

kWh, taking this above wind, gas and even solar



Natural Gas in the US



Gas ----
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 Abundant in the US
 Cheap: LCOE of about 5-6.5 cents kWh, capital costs low, 

$500-1000 per kW 
 Environmentally benign – some controversy about how 

much
 No world market – regional markets are North America, 

Russia/Europe, SE Asia
 Gas is costly to transport – requires pipelines or LNG facilities



Gas fired power stations
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 Can be either conventional gas turbines – low capital costs, 
lots of waste heat
 Generally used for “peaking” plants
 These plants can be started and stopped quickly
 Lost of spare capacity in peaking or load-following plants

 Or CCGT plants, more expensive and more efficient
 Too expensive to use for peaking – capital costs such that 

need to use them all the time
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Gas markets
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 Gas is expensive to transport – need either
 Pipelines or
 LNG plants, LNG carriers, and LNG terminals – trains and 

terminals cost several billion $ each
 LNG carriers have to be refrigerated 
 NIMBY opposition to LNG terminals

 Some prospects for US gas exports
 No world market – separate European, Asian and North 

American markets
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US EIA AEO 2011. Drop in gas prices has made gas very attractive relative to oil. 
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Gas reserves
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 EIA estimates proven reserves of 283.9 tcf, annual 
production is 22 tcf
 Shale gas is 60 tcf

 Industry estimates are 1451-2000 tcf. This includes probable 
reserves as well as proven

 MIT report uses 650 tcf, with 400 tcf at < $4 MMBTU
 Worldwide about 150 years reserves at current consumption
 70% of world reserves in Qatar, Russia and Iran



Recent developments ..
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 “The carbon footprint for shale gas is greater than that for 
conventional gas or oil on any time horizon, particularly so 
over 20 years. 

 Compared to coal, the footprint for shale gas is at least 20% 
greater and perhaps more than twice as great on the 20 year 
horizon and comparable when compared over 100 years.”

 Howarth et al, Climatic Change, Methane and the greenhouse gas footprint of natural 
gas from shale formations



UCAR study of gas vs coal 
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UCAR study of gas vs coal 
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 Gas emits less GHGs than coal per unit heat – good – BUT
 Coal generates particles and aerosols that block the sun and 

cool the planet, offsetting some of the impacts of GHGs
 Claim is that net of these cooling effects of coal gas is only a 

very marginal improvement



Where does this leave us?
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 Natural gas is still
 Cheap and 
 Abundant
 Flexible – plants can start and stop in minutes, making them a 

good backup for wind/solar
 Still cleaner than coal – recall deaths from coal pollution

 The issue is – what is its impact on the climate? And on 
groundwater? 

 We are not yet sure. Most recent estimate is that gas’s GHG 
impact is about 50-60% that of coal, so it is relatively clean 
and can contribute to climate change mitigation



Oil in the US
The transport fuel



US EIA Annual Review 2010. Supplies in quadrillion BTUs. 



Oil facts
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 World-wide consumption about 84 million barrels per day 
(mbd)
 Equivalent to 32 billion barrels annually

 U.S. consumption 20 mbd
 Saudi production 7-10 mbd
 Russian production 7-8 mbd
 US production 7+ mbd
 No other country > 5 mbd
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Producing Nation 2006 2007 2008 2009 Present Share
1 Saudi Arabia (OPEC) 10,665 10,234 10,782 9,760 11.8%
2 Russia  9,677 9,876 9,789 9,934 12.0%
3 United States  8,331 8,481 8,514 9,141 11.1%
4 Iran (OPEC) 4,148 4,043 4,174 4,177 5.1%
5 China 3,846 3,901 3,973 3,996 4.8%
6 Canada  3,288 3,358 3,350 3,294 4.0%
7 Mexico  3,707 3,501 3,185 3,001 3.6%
8 UAE (OPEC) 2,945 2,948 3,046 2,795 3.4%
9 Kuwait (OPEC) 2,675 2,613 2,742 2,496 3.0%
10 Venezuela (OPEC)  2,803 2,667 2,643 2,471 3.0%
11 Norway  2,786 2,565 2,466 2,350 2.8%
12 Brazil 2,166 2,279 2,401 2,577 3.1%
13 Iraq (OPEC)  2,008 2,094 2,385 2,400 2.9%
14 Algeria (OPEC) 2,122 2,173 2,179 2,126 2.6%

Source US EIA



Major oil trade movements
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Oil prices in the Reference case rise steadily

ProjectionsHistory

Source:  EIA, Annual Energy Outlook 2011

2009

High oil price

Low oil price

AEO2011 Reference

Richard Newell, December 16, 2010 49

annual average price of low sulfur crude oil
real 2009 dollars per barrel



US EIA AEO 2011  Domestic US crude oil production
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Competition for Oil

 Coal and natural gas can both be converted to oil at about $40-60 
per barrel

 There are huge reserves of coal
 Oil can be derived from tar sands – as in Athabasca, Canada – at 

a cost of about $60-90 per barrel
 Tar sands are vast – Canada has more oil than Saudi Arabia in its 

tar sands but production capacity is limited

5151
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Competition for Oil

 All of these can replace conventional oil on a large scale at a cost 
of around $90

 But they require initial investments of $ billions. 
 These investments will only be made if investors expect prices to 

remain above $60, ideally above $90. 
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Mining tar sands



Renewables -
Wind and Solar in the US
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Economics of Wind
 LCOE about 5-6 cents kWh for onshore wind
 With RECS, ITC and PTC can be profitable as low as 3 cents 

kWh
 Wind and Gas are now power sources of choice



Solar Power
PV and Solar Thermal in the US









Solar Economics
 At current module prices PV has an LCOE of about 8-9 

cents kWh, above gas and wind, above coal unless it has to 
pay for CO2

 But this is below retail power prices and off-grid solar is 
growing fast via agents such as SunEdison and Soltage

 Solar Thermal is about 12 cents kWh, but can be base load 
with storage



Economics Summary
Coal Gas Oil Wind Solar Geothermal Nuclear



Costs of Power Generation 
 Coal
 Gas
 Oil
 Wind
 Solar
 Geothermal
 Nuclear

 6 cent – before CO2
 5-6 cents – before CO2
 Not competitive
 < 6 cents
 > 8 cents
 3-6 cents and baseload
 High – investors reluctant, 

cost of capital and capital 
costs high
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