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Wisconsin Energy Use by Fuel
Source:  WI Energy Statistics, OEI, 2008

6ÐÚÊÖÕÚÐÕɀÚɯ$ÕÌÙÎàɯ,ÐßɯÉàɯ%ÜÌÓ

Ɉ #1 Coal is used 
primarily for electrical 
generation (90%)

Ɉ #2 Petroleum is used 
primarily for 
transportation (83%)

Ɉ #3 Natural gas 
consumption is 
divided between 
residential, industrial, 
commercial, and 
electrical generation 
uses



Electrical Generation in WI by Fuel

Electrical Generation in WI
Source:  WI PSC, SEA, 2007

Ɉ Coal provides 
approximately 70% of 
WI electrical sales (in-
state generation and 
imports)

Ɉ Only coal-producing 
states use a higher mix 
of coal than WI

Ɉ Natural gas for 
electricity has 
increased since 2004 as 
new plants came online

Coal 

60%



Wisconsin Coal Use by Sector
Source:  WI Energy Statistics, OEI, 2008

6ÐÚÊÖÕÚÐÕɀÚɯ"ÖÈÓɯ"ÖÕÚÜÔ×ÛÐÖÕɯ3ÙÌÕËÚ

Ɉ Industrial coal 
consumption is 
flat to declining

Ɉ Electrical utility 
use is increasing

Ɉ Total coal 
consumption in 
WI has nearly 
doubled since 
1970



Wisconsin Natural Gas Use by Sector
Source:  WI Energy Statistics, OEI, 2008

6ÐÚÊÖÕÚÐÕɀÚɯ-ÈÛÜÙÈÓɯ&ÈÚɯ"ÖÕÚÜÔ×ÛÐÖÕɯ
Trends

Ɉ Residential consumption 
is declining

Ɉ Industrial consumption 
is declining

Ɉ Electrical utility and 
commercial natural gas 
use is increasing

Ɉ Total natural gas 
consumption in WI 
fluctuates based on 
weather, but overall 
consumption has been 
flat to slightly increasing 
since 1970



Ɉ 6(ɀÚɯ&'&ɯÌÔÐÚÚÐÖÕÚɯ
were 123 Million Metric 
Tons (MT) CO2e in 2003 

Ǹ 14% higher than 
1990

Ɉ Electrical generation is 
the largest source of 
GHGs in WI

Ǹ 43 MT CO2e

Ǹ 30% higher than 
1990

Ɉ By comparison, 
transportation is the 
largest source of GHGs 
in CA (59%)

Wisconsin Greenhouse Gas Emissions by Sector
Source:  World Resources Institute, Charting the Midwest, 2007

GHG Emissions in Wisconsin



&ÖÝÌÙÕÖÙɯ#ÖàÓÌɀÚɯ3ÈÚÒɯ%ÖÙÊÌɯÖÕɯ&ÓÖÉÈÓɯ
Warming

Ɉ Executive Order 191 (April 2007): 
Bring together a prominent and 
diverse group of key Wisconsin 
business, industry, government, 
energy and environmental leaders

Ǹ 29 Member bipartisan panel 

Ǹ 6 Working groups developed 
policy recommendations

Ǹ Comprehensive modeling of all 
workgroup recommendations

Ǹ Near-unanimous approval of 63 
policy recommendations in July 
2008 http://dnr.wi.gov/environmentpro

tect/gtfgw/



Analysis of Electrical Generation Options

Spreadsheet analysis used by electrical generation working group, 
including inputs for capital costs, fuels, demand and price escalation



Electric Generation Work Group Results

Supply Side

GHG Reduction Options 
Million MWh

Annual CO2 

Removed 

Million 

Metric 

Tons

Carbon Reduction 

Cost 

($/Metric 

Ton CO2) 

displaces 

existing 

generation

Carbon Reduction 

Cost ($/Metric 

Ton CO2) avoids 

new generation

Operational Changes to Existing System

Redispatch Existing System (coal to gas) 9.5 6.8 50 N/A

New Construction Options

Distribution Upgrades 0.4 0.3 756 740

Transmission Upgrades 0.1 0.1 798 781

Hydro 500 Mw - CC Valued 3.7 3.1 123 112

Hydro - 500 Mw Nuclear Valued 3.7 3.1 134 122

Nuclear - 500 Mw 3.7 3.1 51 40

Combined Cycle - 500 Mw Base 3.7 2.7 65 51

Combined Cycle - 500 Mw Cyclic 1.8 1.3 88 59

West Wind - 500 Mw 1.8 1.5 70 63

WI Wind - 500 Mw 1.3 1.1 32 26

Biomass Retrofit - 200 Mw @ 10% Cofire 0.1 0.2 66 66

New Unit Biomass - 80 Mw 0.6 0.5 68 56

CHP - 500 Mw (50 MW projects) 3.7 2.1 67 49

Notes:  Fuel prices of $8/MMBtu (nat. gas), $2/MMBtu (coal) and $5/MMBtu (biomass)



Re-dispatch Scenario

ɈWisconsin has ~ 7,000 MW of coal 
ɈMost of it old and inefficient 
Ɉ1,800 MW of new supercritical coal

ɈWisconsin has 6,000+ MW of natural gas
Ɉ4,000 MW of peakers, used only for peak demands
Ɉ2,200 MW of high efficiency, baseload-capable natural gas 
combined cycle (NGCC)
ɈTwo very high efficiency NGCC cogeneration plants (150 MW 
MGE West Campus, 260 MW LS Whitewater)

Significant GHG reductions could come from re -
dispatching existing natural gas plants in Wisconsin 
ahead of coal plants



Power Plant Greenhouse Gas Emissions

Fuel carbon content 

+ 

Generation efficiency 

=

Carbon Dioxide Emissions



Carbon Content of Fossil Fuels 
(Lbs/MMBtu):  
ɈCoal 205 to 212 
ɈDiesel 161 
ɈNat. Gas 117
ɈHydrogen             0 

ɈEfficiency of Generation
ɈPulverized Coal    30-35%
ɈSCPC 37-39%
ɈIGCC 38-41%
ɈIGCC w/ CCS 30-35%

ɈNGCC 50-55%
ɈNGCC Cogen 60-70%



Sources: NETL, Cost and Performance Baseline for Fossil Energy Plants (Rev. 1), August 2007 (SCPC, IGCC, 

NGCC and IGCC w/CCS),  WI PSC 2008 WPL DEIS (SubPC and CFB, normalized to NETL emission data 

based on heat rate and N20 emissions).  Note: Emission rates are for rated output under ISO conditions, actual 

emissions can be higher.

Greenhouse Gas Comparison

Fossil Power Plants 
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&ÖÝÌÙÕÖÙɀÚɯ3ÈÚÒɯ%ÖÙÊÌɯ,ÖËÌÓÐÕÎɯ$ÍÍÖÙÛ

Ɉ ICF Resources retained as modeling 
consultant

Ɉ Energy 2020 model selected for use

Ǹ Integrated multi -sector economy, 
energy and emissions model

Ǹ Simulates decisions by energy 
suppliers and consumers

Ǹ Provides output data by state, sector, 
end use, etc., including:

Ɉ Fuel use

Ɉ Emissions

Ɉ Energy imports and exports

Ɉ Electric generation, capacity and prices

Ɉ Employment and gross state product 
(using state REMI model)

http://dnr.wi.gov/environmentprotect/
gtfgw/modeling.html



Policy Case 1 (all recommended policies, including energy efficiency, 
new building codes and an enhanced RPS, but no cap and trade):

Ɉ Gross natural gas consumption declines 10% in Wisconsin from 
2004 to 2024  

Ɉ No new fossil plant construction 

Ɉ Natural gas generation output reduced over 50%  

Ɉ Smaller decreases in coal generation output  

Ɉ The policy case resulted in overall GHG emissions that were 
essentially stable at 2005 levels, but did not meet the goals of most 
GHG reduction proposals

Additional GHG reductions still needed

GHG Reduction Policy Modeling Results



Cap and Trade Modeling Results
Ɉ Modeling results from Wisconsin and the MGA vary based on 

assumptions but in general find:

Ǹ A large portion of the emission reductions achieved by the 
cap and trade program are in the electric power sector

Ǹ Natural gas generation increases slightly under cap and 
trade, while coal generation decreases significantly

Ǹ Total natural gas use decreases under most cap and trade 
scenarios

Ǹ Energy efficiency and renewable energy investments result 
in very little non -renewable generation additions

Ɉ Model results are strongly dependent on economic 
assumptions for electrical generation

Ɉ How do the economics of coal and gas generation compare?



Coal and Gas Economic Comparison

Ɉ Coal:  High capital cost, low fuel cost

Ɉ Natural Gas Combined Cycle: Low capital cost (1/3 
of coal), high fuel cost

Question: Which has higher cost electricity?

Answer:  Depends

Ɉ Fuel price forecasts 

Ɉ Higher capacity factors favors coal

Ɉ Higher flexibility favors natural gas

Ɉ Carbon regulation favors natural gas



Source: Wisconsin Public Service Commission, Final EIS, WPL 300 MW, 2008



Does Wisconsin need to build ANY more fossil power plants?

Not likely.  

Fuel costs and carbon emission costs will be the primary 
drivers for the mix of coal and natural gas in Wisconsin

Source: Wisconsin Public Service Commission, Strategic Energy Assessment, 2009



Coal Spot Prices from the EIA



Natural Gas Prices 
Henry Hub ($/mmBTU)

Source: Financial Forecast Center LLC.  



U.S. Coal Production (EIA)





Ɉ Current U.S. natural gas 
production, over 26 Tcf last 
year, is at the highest level 
ever recorded

Ɉ According to a recent DOE 
study, just seven shale 
basins in the U.S. have total 
gas reserves of 649 Tcf. 
3ÏÈÛɀÚɯÔÖÙÌɯÌÕÌÙÎàɯÛÏÈÕɯÛÏÌɯ
oil reserves of Iraq (Modern 

Shale Gas, DOE, 4/09) 

Ɉ Total estimated U.S. reserves 
have climbed 35% in two 
years (6/19/09 Potential Gas 

Committee).

Natural Gas Supply



Coal Supplies?

6àÖÔÐÕÎɯ"ÖÈÓɯ,ÐÕÌȯɯ6(ɀÚɯșƕɯ2ÖÜÙÊÌɯÖÍɯ$ÕÌÙÎà

Source: BLM



The Future of Natural Gas and Coal?
Ɉ A dash to gas with climate legislation?  Unlikely

Ǹ CA:  Natural gas generates ½ the electricity and the average 
emission rate (~800 lb/MWh) is lower than NGCC

Ǹ Texas baseloads natural gas, wind in TX will offset gas

Ǹ $/ ɀÚɯƚɤƖƗɤƔƝɯÈÕÈÓàÚÐÚɯÖÍɯÛÏÌɯ ÔÌÙÐÊÈÕɯ"ÓÌÈÕɯ$ÕÌÙÎàɯÈÕËɯ
Security Act (HR 2454) found modest decrease in total U.S. 
natural gas consumption: 



Renewable Natural Gas: Another Supply? 

Anaerobic Digester

ɈWisconsin is a leader in dairy 
production and wood products

ɈWisconsin leads the U.S. in 
anaerobic digesters with 24 operating 
and 10 under construction

ɈGermany has 4,600 anaerobic 
digesters producing 1,600 MW as 
well as biogas for heat and powering 
buses

ɈEmerging biomass gasification and 
dry fermentation digester 
technologies are expanding the 
feedstock opportunities for renewable 

natural gas



Conclusions
Ɉ Natural gas can help WI meet 

climate and environmental 
goals

Ɉ The U.S. has a growing supply 
ÖÍɯÕÈÛÜÙÈÓɯÎÈÚɯȹÐȭÌȭȮɯÛÏÌɯÚÒàɯÐÚÕɀÛɯ
falling)

Ɉ Offsetting coal generation with 
gas, and reducing gas 
consumption in other sectors, is 
a near-term climate strategy

Ɉ Long term:  increase production 
of renewable natural gas and 
continue energy efficiency and 
conservation investments

Natural gas production still has an 
environmental footprint   

Shale gas production in Wyoming



Questions?

Peter Taglia, P.G.
Staff Scientist, Professional Geologist

Clean Wisconsin
ptaglia@cleanwisconsin.org

(608) 251-7020 ext. 27

mailto:ptaglia@cleanwisconsin.org


Natural Gas and Cogeneration 



Renewable Natural Gas 

Anaerobic Digester

Source: PG&E, Biomethanation Forum, 3/2008



Renewable Natural Gas Potential

ɈDry fermentation is expanding 
the available feedstocks for 
biogas

ɈBiomass gasification is a 
promising emerging technology

ɈIn-state potential in California 
is approximately 1/6 of total 
consumption

Source: PG&E, Biomethanation Forum, 3/2008



Natural Gas Efficiency



Natural Gas Efficiency



Agrecolôs Native Prairie Pellets and 

Boiler Source: Wis. State 

Journal  11/3/06

ɈDo other forms of fuel switching 
make sense for Wisconsin?

ɈFrom natural gas to biomass 
for residential and commercial 
space heating

Ɉ(ÕÊÙÌÈÚÐÕÎɯ6ÐÚÊÖÕÚÐÕɀÚɯ
production of renewable 
natural gas

ɈEnergy efficiency programs 
targeting natural gas 

ɈComplementary approaches to 
renewable energy using wind, 
solar and renewable natural gas

Comprehensive Energy Planning 



Natural Gas Futures


