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The purpose of this document is to outline the key assumptions and sources of information used in the development of the Climate Action Plan Model (CAP Model) business-as-usual reference case (BAU) and familiarize the user with the intended use of the various sections of the CAP Model.  The CAP Model is a Microsoft Excel based model that was used in the development of the Case Western Reserve University (CWRU) Climate Action Plan (CAP).  
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[bookmark: _Toc288111172]Overview
[image: ] The purpose of this document is to outline the key assumptions and sources of information used in the development of the Climate Action Plan Model (CAP Model) business-as-usual reference case (BAU) and familiarize the user with the intended use of the various sections of the CAP Model.  The CAP Model is a Microsoft Excel based model that was used in the development of the Case Western Reserve University (CWRU) Climate Action Plan (CAP).  Below is a screen capture of the "Home" screen of the CAP Model.  The blue underlined text found in the "Sheet" column of the Home screen of the CAP Model is a hyperlink.  Clicking on each link will take you to that specific section of the CAP Model.  As noted, each section of the CAP Model will then have a green "Home" button that will return you to this home screen.  This key assumptions document is organized according to the same flow and topics of information that are available in the CAP Model.



[bookmark: _Toc288111173]Business-as-usual reference case
The business-as-usual reference case (BAU) is intended to establish the forecast for GHG emissions at CWRU from the baseline year (FYE 2009) through 2050.  This is necessary in order to understand, not only the currently GHG emissions that need to be mitigated, but also the forecasted volume of GHG emissions that need to be addressed as part of this and future GHG mitigation efforts.  This section of the document describes the baseline year GHG emissions and the key assumptions used to forecast future emissions.
[bookmark: _Toc288111174]2009 GHG Inventory
CWRU, led by Gene Matthews (ecm4@case.edu), conducted a GHG inventory for the University operations ending June 2009 (FYE 2009).  Gene and his team utilized the Clean Air Cool Planet (CA-CP) inventory tool to conduct their analysis.  Their analysis showed that the FYE 2009 GHG inventory for CWRU was roughly 263,000 metric tons of carbon dioxide equivalent (MTCO2e).  The components of the inventory are shown below and are also found by following the 2009 GHG Inventory link on the CAP Model home screen.  These values are the starting values used in the CAP Model BAU GHG forecast.  The "Forecast Drivers" identified in the table below identify the key assumptions that are used in forecasting each type of GHG emission through 2050.  The key assumptions are discussed below.
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[bookmark: _Toc288111175]Population Growth
The table below shows the historical campus population broken out by Total Enrollment and Total Faculty and Staff.  For the purposes of the BAU forecast it is assumed that the Total Enrollment grows to 10,500 students by 2050 and that the Total Faculty/Staff essentially remains constant, growing to 5,100 by 2050.  These assumptions were provided by Steve Campbell.
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[bookmark: _Toc288111176]Campus Area Forecast
[image: ]Campus Area refers to the amount of building space found in the building inventory at the University.  The campus area is the primary driver of GHG emissions at the University.  The figure below represents the 2009 GHG inventory with the blue shaded slices representing emissions associated with building energy.  Building energy related emissions account for roughly 82% of the 2009 GHG inventory.

[image: ]Since 1980, CWRU has grown, on average, more than 87,000 gross square feet (GSF) per year if the farms and garages are not included in the total (see Appendix A).  If this average growth rate continues, the University will add nearly 3.6 million GSF by the end of the CAP Model forecast period; expanding the campus area from 6.6 million GSF to nearly 10.2 million GSF.  For the purposes of the BAU forecast it is assumed that the University continues to grow at this rate, on average, through 2050.  Some may argue that it is not reasonable to assume that the University will continue to grow at this same rate in a business-as-usual world given the recent times of relative economic scarcity and uncertainty.  While a slower growth rate may be reasonable to assume for the short-term, the 30-year historical average includes both periods of economic prosperity and periods of constrained economic growth.  The figure below shows the historical University growth from 1980 through 2010.  As is shown in this figure, the 30-year historical average includes a period of time from 1980 through the early 1990's, another period of constrained growth in the economy, where very little growth took place on the campus.  According to this figure, another period of constrained growth has been experienced since 2005.  Nearly 85% of the growth in campus area was experienced between 1990 and 2005, a period of rapid economic growth and relative abundance.  Given the long forecast period of the CAP Model it was decided to use this historical growth rate for the future annual growth rate.
In the near-term, some specific building projects were identified to include in the BAU campus area projections.  The specific projects identified and included are:
[image: ]
Beyond these near term projects, there are some specific types of space that have been anticipated will be added to the campus and have been included in the CAP Model (see table below).  This space is added as an average addition per year so that the total space added over through 2050 totals the amount in the table below.
[image: ]
These specific additions equal 620,000 GSF by 2050.  This leaves nearly 3 million GSF, or 82,000 GSF per year, of unidentified space that has been included in the BAU forecast model.
The other key assumption is renovations.  Historically, the University has renovated 20,000 to 30,000 GSF per year, on average.  The BAU forecast assumes that 22,000 GSF is renovated each year.  The table and graph below illustrate this BAU campus growth scenario.
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[bookmark: _Toc288111177]Utility Demand
According to the information developed by Gene Matthews and his team in the CA-CP GHG inventory tool, the average campus-wide energy use intensity (EUI) for FYE 2009 was 195,000 BTU per GSF or 195 KBTU/GSF.  The components of the historical demand are shown in the table below, broken down by Electricity, Steam and Cooling purchased from the Med Center Company (MCCo).
[image: ]
The BAU utility demand forecast assumes that existing space that is not renovated over the forecast period continues to consume utilities at the historical average EUI.  It is assumed that new space that is added has an EUI that equivalent that of the existing space and that any space that is renovated has an increase in utility demand associated with the addition of cooling in buildings that historically have had none (see table below).
[image: ]
These EUI intensity factors multiplied by the campus area growth values described above result in an increase in purchased utilities from the 1.29 quadrillion BTU's experienced in FYE 2009 to 2.0 quadrillion BTU's by 2050, a 55% increase over 41 years.  The components of utility demand growth are illustrated in the table and graph below.
[image: ]
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[bookmark: _Toc288111178]Commodity Price Assumptions
The commodity price assumptions section of the CAP Model actually includes commodity prices as well as purchased utilities pricing for utilities purchased from MCCo.  The starting values for FYE 2010 purchased utilities were provided by Gene Matthews and are assumed to be $85/MWh for purchased electricity, $13.00 per klb for purchased steam and $0.23 per ton-hr for purchased cooling.  A starting price of $7.00 per MMBTU is used for natural gas purchased from the local distribution company (LDC).
A variety of approaches can be used to forecast these prices going forward, but to simplify the forecast process and make the assumptions easily transparent a simple straight-line growth rate of 0.5% per year was used for the BAU forecast period.  These same values are used when valuing GHG abatement options and the associated reductions in purchased utilities.  The annual values for the forecast period are available in Attachment B.
[bookmark: _Toc288111179]GHG Emissions Forecast
The GHG emissions are forecasted based on the forecast drivers assumption identified in the table in section 2.1 above.  Many of the values are forecasted by growing the starting value at the same growth rate as the forecast driver.  For example, refrigerants will simply grow at the same rate as the building area.  Alternatively, the purchased utilities and natural gas forecasts have an emission factor that is uses in the forecast calculations.  The emission factors used, based on the CA-CP inventory, are:
	Emission Factors for Purchased Utilities and Commodities (MTCO2e/MMBTU)

	Purchased Electricity
	Purchased Steam
	Purchased Cooling
	Natural Gas

	0.2080 (0.7098/MWh)
	0.1078
	0.1188
	0.0530



[bookmark: _Toc288111180]GHG Regulatory Financial Exposure
For starters, it should be understood that our approach attempts to simplify a very complex regulatory framework.  We understand the complexities go beyond the simplifications represented here, but we feel that this simplified model generally captures, in concept, what the average member of the economy may be subject to under a cap-and-trade scenario.  Carbon Tax and rulemaking by the EPA are two additional concepts that are not specifically captured in this model, but are assumed to be within the uncertainty ranges provided.
In the CAP Model "GHG Compliance Costs" are a function of the GHG emissions, which portion of those emissions would have been subject to a compliance cost in the reference case and the cost per MTCO2e for GHG emissions.
The first important concept is that it is not assumed that CWRU will necessarily be subject to a "direct" compliance obligation.  The University may or may not be, depending on how final legislative and/or regulatory scenarios play out.  The important concept is that the University, as an average member of the economy,  will be subject to the incremental costs that will flow through the economy as a result of a price being assigned to GHG emissions as a result a cap-and-trade, carbon tax or command-and-control scenario.  For example, as a consumer of purchased electricity from the local utility CWRU will pay an incremental cost for purchased electricity as a result a price on GHG emissions.  Not that CWRU will be required to meet any specific direct obligation, but that the local utility will and will pass the incremental costs through to customers.
The second important concept is how it is estimated which portion of the economy-wide emissions will be subject to a compliance cost.  The graphic in Appendix C is adapted from an analysis performed by the Pew Center on the American Clean Energy and Security Act of 2009.  The dotted red line represents the "Cap" on GHG emissions according to this specific legislative scenario.  In this cap-and-trade scenario, all emissions above the Cap need to abated since no emissions allowances will be available above the Cap.  The bottom two areas on the graph, "Free" and "Auction", represent the GHG emissions allowances that will be available in the economy and  how the emissions allowances under the Cap will be allocated to members of the economy.  This means that a certain portion of the allowances under the Cap will be freely awarded and the "Auction" portion of the allowances will need to be purchased.  The total "emissions subject to a compliance cost", as has been defined in the CAP Model, is the sum of the "economy-wide emissions above the cap" and the "Auction" portion underneath the cap.  This means that all GHG emissions that do not have a free allowance available for them will be subject to the cost of the market price for one metric ton of GHG emission allowance denominated in dollars per metric ton of carbon dioxide equivalent or $/MTCO2e.
The legislative scenarios that are used in the CWRU CAP Model do not represent a specific legislative scenario, e.g. Waxman-Markey, but are a composite of scenarios.  The composite was developed by Energy Strategies, LLC to capture the major elements of the prevailing scenarios that are being debated in Washington, D.C.  We referenced many policy analyses performed by the Pew Center, the Congressional Budget Office, the Nicholas Institute and other policy analysis groups.  For example, below is a link to a similar analysis performed by the Pew Center regarding the Dingell-Boucher bill.  Additional sources can be provided if necessary.
http://www.pewclimate.org/docUploads/Dingell-BoucherSummary.pdf
The final major assumption is the cost assigned to each unit of GHG emissions subject to a compliance cost.  The price assumptions are provided here as Appendix D.  The forecast is a composite of 3rd-party forecasts.  These are the same values  used in the CAP Model.  Sources can be provided as necessary.
Using this methodology it is estimated that CWRU has a present value of GHG financial exposure of $161 million, with the compliance costs flowing through to the University starting in 2015.  The darker blue section below shows the portion of the BAU GHG emissions that are assumed will be subject to either direct or indirect financial exposure.
[image: ]
The sources of the compliance costs are broken out in the table below.
[image: ]
[bookmark: _Toc288111181]Valuation of GHG Mitigation Actions
This portion of the CAP Model is used to value and compare the various mitigation actions considered.  The detailed assumptions for each action are documented in the model, in the metric briefs provided on the documentation website and in the CAP document.
[bookmark: _Toc288111182]Portfolio Development
This portion of the CAP Model was used to create and compare a variety of portfolios for consideration as part of the CAP portfolio development process.  The outcome of this process is documented in the CAP document and on the documentation website.
[bookmark: _Toc288111183]Other Factors
The "Other Factors" section of the model includes a variety of conversion and other factors used in the model.  The primary factors I will highlight here are inflation and the discount rate used in present value calculations.  It should be noted that all dollar values in the model are "real" dollars, meaning they are denominated in 2010 $ and not inflated.  The discount rate discussion below will also discuss the derivation of the "real" discount rate that was used.
First, inflation.  The assumed inflation rate is 1.9% and is based on a GDP Chain-type Price Index. The GDP Chain-type Price Index is an index published by the Bureau of Economic Analysis (BEA) and is used to convert between real and nominal dollars.  The base year for the index is 2000 where the index is equal to 1.0.  The reference used for this information is the 2010 Annual Energy Outlook (AEO) published by the Energy Information Administration.  The specific location of the information is row 31 in the Excel file found at the following location:  http://www.eia.doe.gov/oiaf/aeo/excel/aeotab_20.xls.  This file is Table 20 from the AEO's reference case.   Table 20 describes the Macroeconomic Indicators used in the AEO.  The full AEO can be found at http://www.eia.doe.gov/oiaf/aeo/index.html.
The next topic is the discount rate used in the present value calculations.  In an e-mail dated December 2, 2010, Jim Gross explained that the discount rate used for the calculation of present values at the University is 7.5%.  It was explained that this assumes inflation is included.  For the purposes of the CAP Model a "real" discount rate is used for present value calculations.  The "real" discount rate is assumed to be 5.6% (7.5% minus 1.9% for inflation).
Documentation of Key BAU Assumptions	March 17, 2011
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Appendix A: Historical Campus Growth by Year and Type
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Appendix B: Commodity and Purchased Utilities Price Assumptions
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Appendix C: Example GHG Regulatory Scenario
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[image: ]
image1.emf
Case Western Reserve University Climate Action Plan Model

This outline describes the layout of this model and provides links to the components of the analysis.

This "HOME" icon is located at the top left corner of every sheet.  Click on this icon to return to this page.

Sheet Description

2009 GHG Inventory Describes the 2008 GHG inventory and describes the key drivers assumed for forecasting purposes

Population Forecast This describes the business-as-usual population forecast

Campus Area (GSF) Forecast This describes the forecasted campus building area through 2050

Historical Campus Area This graph illustrates the historical campus growth rate since 1980

Utility Demand Describes the forecasted utility demand and campus-wide building level energy use intensity.

Commodity Price Assumptions This sheet illustrates the commodity prices used in the calculation of the primary energy expenses.

GHG Emissions Forecast Chart Chart illustrating the forecasted business-as-usual GHG emissions.

GHG Emission Factors Emission factors used to calculate the GHG emissions.

GHG Regulatory Financial Exposure This sheet illustrates the potential direct and indirect exposure the University has to possible GHG regulation.

Waste Reduction

Link to Selected Alternative

Action Hierarchy Organization chart to describes the alternatives that are considered.

Action Valuation Summary Sheet

This sheet provides a summary overview of the valuation metrics for all the actions considered for inclusion in the CAP with a link to a detailed 

valuation of each action considered.  The individual valuation sheets describe the assumptions for each action.

Abatement Curve This sheet shows the abatement curve that illustrates the value and potential impact of each alternative relative to the other alternatives.

Portfolio Dashboard Displays impacts of alternatives selected in the portfolio.

Portfolio Cash Flow Statement Displays Portfolio Cash Flow Statement

Portfolio CAPEX Summary

Displays Incremental (New less Avoided) CAPEX by Portfolio Element

Portfolio OPEX (Non-Fuel & Fuel) Summary

Displays Incremental (New less Avoided) OPEX (Non-Fuel and Fuel) by Portfolio Element

Components of Value by Portfolio Option Provides a value source graph that shows the components of value for each portfolio resource, one at a time.

Other Factors Describes other factors used in the calculations in the CAP model.

Frequently Asked Questions

Provides answers to questions that have been asked regarding modeling assumptions, location of information, etc.  Please send any additional 

questions for inclusion to Rob McKenna per the e-mail address below.

Base Case/Business-as-Usual Components

Valuation of GHG Mitigation Actions

Portfolio Development

Miscellaneous

This sheet provides the modeling assumptions for each alternative as well as output metrics.

HOME
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SCOPE SOURCE

EMISSIONS 

(MTeCO2)

EMISSIONS 

(%)

Forecast Drivers

NATURAL GAS 5,189 1.97% Building Area (GSF), Energy Use Intensity

REFRIGERANTS 13,342 5.07% Building Area (GSF)

FUEL OIL 19 0.01% Building Area (GSF)

VEHICLE (GAS) 411 0.16% Constant

VEHICLE (DIESEL) 155 0.06% Constant

AGRICULTURE 55 0.02% Constant

PURCHASED ELECTRICITY 89,079 33.84%

Building Area (GSF), Energy Use Intensity, 

Fuel Mix, Efficiencies (Conversion & T&D)

PURCHASED STEAM 72,973 27.72%

Building Area (GSF), Energy Use Intensity, 

Fuel Mix, Efficiencies (Conversion & T&D)

PURCHASED CHILLED WATER 20,951 7.96%

Building Area (GSF), Energy Use Intensity, 

Fuel Mix, Efficiencies (Conversion & T&D)

FACULTY/STAFF COMMUTING 9,335 3.55% Campus Population

STUDENT COMMUTING 6,812 2.59% Campus Population

DIRECTLY FINANCED AIR TRAVEL 27,866 10.59% Faculty/Staff Population

SOLID WASTE 2,521 0.96% Campus Population

WASTEWATER 129 0.05% Building Area (GSF)

PAPER PURCHASING 760 0.29% Campus Population

SCOPE 2 T&D LOSSES 13,753 5.23% % of Purchased Electricity

OFFSETSSequestration -132 -0.05% Constant

263,218 100.00%

SCOPE 1

SCOPE 3

TOTAL

2009 GHG INVENTORY SUMMARY

SCOPE 2


image3.emf
Full time Part time

Total 

Enrollment

Facutly Staff

Total Faculty 

/Staff

FYE # # # # # # #

2008 8,672 1,212 9,884 1,742 3,254 4,996 14,880 2.0

2009 8,449 1,365 9,814 1,759 3,285 5,044 14,858 1.9

2010 8,541 1,380 9,921 1,762 3,291 5,053 14,974 2.0

2020 8,755 1,414 10,169 1,769 3,304 5,073 15,242 2.0

2030 8,872 1,433 10,305 1,773 3,311 5,084 15,389 2.0

2040 8,963 1,448 10,411 1,776 3,317 5,093 15,503 2.0

2050 9,040 1,460 10,500 1,779 3,321 5,100 15,600 2.1

Students 

per 

Faculty/ 

Staff

Campus Population

Students

Total 

Campus 

Population

Faculty/Staff
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Stationary Combustion, 5,208, 

2%

Purchased Electricity, 89,079, 

34%

Purchased Steam, 72,973, 28%

Purchased Chilled Water, 

20,951, 8%

Scope 2 T & D Losses, 13,753, 

5%

Refrigerants & Other 

Chemicals, 13,397, 5%

FACULTY/STAFF COMMUTING, 

9,335, 3%

STUDENT COMMUTING, 6,812, 

3%

DIRECTLY FINANCED AIR 

TRAVEL, 27,866, 11%

Mobile Combustion 

(Fleet), 565, 0%

Other, 3,279, 1%

2009 GHG EMISSIONS (MTeCO2)

Blue = BuildingEnergy

Red = Transportation 

White = Other
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Year 1,000 GSF Description

2011 110 The Temple

2014 80 University Center

2012 30 Fieldhouse
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200

100

100

New Average Additions (1,000 GSF)

Dry lab research on west campus, including dental and nursing

Net housing additions, Student Life

Additional Academic


image8.emf
Unrenovated 

Existing 

Space

Renovated 

Existing 

Space

Net 

Additions

Sub-Total

FYE GSF GSF GSF GSF GSF

2009 6,606 6,606 6,606 673

2010 6,584 22 82 6,688 6,688 674

2020 6,364 242 1,120 7,726 7,726 760

2030 6,144 462 1,938 8,544 8,544 829

2040 5,924 682 2,757 9,363 9,363 899

2050 5,704 902 3,575 10,181 10,181 970

Campus Area GSF (1,000's)

Total GSF

GSF per 

Student 

(Right Axis)
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Purchased 

Electricity

Purchased 

Steam

Purchased 

Cooling

FYE MWh MMBTU MMBTU MMBTU

2008 127,879 66 570,142 86 175,570 27 1,182,034 179

2009 126,976 66 677,074 102 176,378 27 1,286,694 195

Utility Demand

Total Utilty 

Demand

Campus-

wide EUI 

(KBTU per 

GSF)

KBTU/GSF KBTU/GSF KBTU/GSF
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66 Electricity EUI - Existing

102 Purchased Steam EUI - Existing

27 Purchased Chilled Water EUI - Existing

195 Total EUI  - Existing

66 Electricity EUI - New Space

102 Purchased Steam EUI - New Space

27 Purchased Chilled Water EUI - New Space

195 Total EUI  - New Space

0 Electricity EUI - Incremental From Renovations

0 Purchased Steam EUI - Incremental From Renovations

40 Purchased Chilled Water EUI - Incremental From Renovations

40 Total EUI  - Incremental From Renovations

BAU Growth Model
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Purchased 

Electricity

Purchased 

Steam

Purchased 

Cooling

FYE MWh MMBTU MMBTU MMBTU

2010 128,553 66 685,461 102 179,442 27 1,303,525 195

2020 148,558 66 791,875 102 215,976 28 1,514,731 196

2030 164,324 66 875,741 102 246,621 29 1,683,037 197

2040 180,090 66 959,607 102 277,267 30 1,851,342 198

2050 195,857 66 1,043,473 102 307,912 30 2,019,648 198

Utility Demand

Total Utilty 

Demand

Campus-

wide EUI 

(KBTU per 

GSF)

KBTU/GSF KBTU/GSF KBTU/GSF
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82.2% Scope 2: Purchased Utilities



Sources of Compliance Costs

Scope 1: Stationary Combustion Scope 1: Refrigerants

Scope 1: Mobile Combustion Scope 3: Air Travel
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YEAR ACADEMIC

ADMINISTRAT

IVE

COMMERCIAL

COMMERCIAL 

RESIDENTIAL

RESIDENTIAL OTHER

OWNED 

FRATERNITIES

GARAGES FARM

NON-

UNIVERSITY 

OWNED 

PROPERTIES

TOTAL

W/O GARAGES 

AND FARMS

1980 2,409,533 265,987 12,200 50,585 701,032 5,500 102,523 533,292 58,883 455,204 4,594,739 4,002,564

1981 2,409,533 265,987 12,200 52,585 701,032 5,500 102,523 533,292 58,883 455,204 4,596,739 4,004,564

1982 2,409,533 265,987 12,200 52,585 701,032 5,500 102,523 533,292 58,883 455,204 4,596,739 4,004,564

1983 2,409,533 265,987 12,200 52,585 701,032 5,500 102,523 533,292 58,883 455,204 4,596,739 4,004,564

1984 2,409,533 265,987 12,200 52,585 701,032 5,500 102,523 533,292 58,883 455,204 4,596,739 4,004,564

1985 2,409,533 265,987 12,200 52,585 701,032 5,500 102,523 533,292 58,883 455,204 4,596,739 4,004,564

1986 2,409,533 265,987 12,200 52,585 701,032 9,386 102,523 533,292 58,883 455,204 4,600,625 4,008,450

1987 2,409,533 276,363 12,200 52,585 701,032 38,376 102,523 533,292 58,883 455,204 4,639,991 4,047,816

1988 2,470,533 276,363 12,200 52,585 701,032 38,376 102,523 533,292 58,883 455,204 4,700,991 4,108,816

1989 2,470,533 276,363 12,200 52,585 737,032 38,376 102,523 533,292 58,883 455,204 4,736,991 4,144,816

1990 2,534,127 276,363 12,200 54,285 737,032 38,376 111,273 533,292 58,883 455,204 4,811,035 4,218,860

1991 2,534,127 276,363 12,200 56,185 737,032 38,376 111,273 533,292 58,883 455,204 4,812,935 4,220,760

1992 2,799,660 395,829 12,200 59,985 737,032 38,376 111,273 873,732 58,883 455,204 5,542,174 4,609,559

1993 2,799,660 524,070 12,200 59,985 737,032 38,376 111,273 873,732 58,883 455,204 5,670,415 4,737,800

1994 2,930,238 524,070 12,200 59,985 737,032 38,376 111,273 873,732 58,883 455,204 5,800,993 4,868,378

1995 2,930,238 524,070 12,200 59,985 737,032 38,376 111,273 1,113,582 58,883 455,204 6,040,843 4,868,378

1996 3,123,820 524,070 12,200 59,985 737,032 38,376 111,273 1,113,582 58,883 455,204 6,234,425 5,061,960

1997 3,123,820 524,070 12,200 61,985 737,032 38,376 111,273 1,113,582 58,883 455,204 6,236,425 5,063,960

1998 3,123,820 524,070 12,200 64,085 737,032 38,376 111,273 1,113,582 58,883 455,204 6,238,525 5,066,060

1999 3,123,820 524,070 12,200 64,085 737,032 38,376 111,273 1,113,582 58,883 455,204 6,238,525 5,066,060

2000 3,244,212 574,470 12,200 64,085 737,032 38,376 111,273 1,113,582 58,883 455,204 6,409,317 5,236,852

2001 3,244,212 574,470 12,200 64,085 737,032 38,376 111,273 1,113,582 58,883 455,204 6,409,317 5,236,852

2002 3,394,112 574,470 12,200 65,985 737,032 38,376 111,273 1,113,582 58,883 455,204 6,561,117 5,388,652

2003 3,763,856 574,470 12,200 65,985 737,032 45,409 111,273 1,113,582 58,883 455,204 6,937,894 5,765,429

2004 3,763,856 574,470 12,200 65,985 737,032 45,409 111,273 1,113,582 58,883 455,204 6,937,894 5,765,429

2005 3,782,370 574,470 266,250 65,985 1,158,954 45,409 111,273 1,632,372 58,883 455,204 8,151,170 6,459,915

2006 3,855,345 574,470 266,250 65,985 1,158,954 45,409 111,273 1,632,372 58,883 455,204 8,224,145 6,532,890

2007 3,891,223 574,470 266,250 65,985 1,158,954 45,409 111,273 1,632,372 58,883 455,204 8,260,023 6,568,768

2008 3,891,223 580,163 266,250 65,985 1,158,954 45,409 111,273 1,632,372 58,883 497,204 8,307,716 6,616,461

2009 3,891,223 580,163 266,250 65,985 1,158,954 47,269 111,273 1,632,372 58,883 497,204 8,309,576 6,618,321

2010 3,891,223 580,163 266,250 65,985 1,158,954 47,269 111,273 1,632,372 58,883 497,204 8,309,576 6,618,321

AVERAGE PER DECADE SINCE 1980 1,238,279 871,919

AVERAGE PER YEAR SINCE 1980 123,828 87,192
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Unit 2010$/MMBtu 2010$/MMBtu 2010$/MMBtu 2010$/MWh 2010$/MMBtu 2010$/klb 2010$/MMBtu 2010$/ton/hr

2010 $6.00 $7.00 $5.00 $85.00 $11.06 $13.00 $19.33333 $0.23

2011 $6.03 $7.03 $5.03 $85.43 $11.12 $13.07 $19.33333 $0.23

2012 $6.06 $7.06 $5.05 $85.85 $11.17 $13.13 $19.33333 $0.23

2013 $6.09 $7.09 $5.08 $86.28 $11.23 $13.20 $19.33333 $0.23

2014 $6.12 $7.12 $5.10 $86.71 $11.29 $13.26 $19.33333 $0.23

2015 $6.15 $7.15 $5.13 $87.15 $11.34 $13.33 $19.33333 $0.23

2016 $6.18 $7.18 $5.15 $87.58 $11.40 $13.39 $19.33333 $0.23

2017 $6.21 $7.21 $5.18 $88.02 $11.46 $13.46 $19.33333 $0.23

2018 $6.24 $7.24 $5.20 $88.46 $11.51 $13.53 $19.33333 $0.23

2019 $6.28 $7.28 $5.23 $88.90 $11.57 $13.60 $19.33333 $0.23

2020 $6.31 $7.31 $5.26 $89.35 $11.63 $13.66 $19.33333 $0.23

2021 $6.34 $7.34 $5.28 $89.79 $11.69 $13.73 $19.33333 $0.23

2022 $6.37 $7.37 $5.31 $90.24 $11.75 $13.80 $19.33333 $0.23

2023 $6.40 $7.40 $5.33 $90.69 $11.80 $13.87 $19.33333 $0.23

2024 $6.43 $7.43 $5.36 $91.15 $11.86 $13.94 $19.33333 $0.23

2025 $6.47 $7.47 $5.39 $91.60 $11.92 $14.01 $19.33333 $0.23

2026 $6.50 $7.50 $5.42 $92.06 $11.98 $14.08 $19.33333 $0.23

2027 $6.53 $7.53 $5.44 $92.52 $12.04 $14.15 $19.33333 $0.23

2028 $6.56 $7.56 $5.47 $92.98 $12.10 $14.22 $19.33333 $0.23

2029 $6.60 $7.60 $5.50 $93.45 $12.16 $14.29 $19.33333 $0.23

2030 $6.63 $7.63 $5.52 $93.92 $12.22 $14.36 $19.33333 $0.23

2031 $6.66 $7.66 $5.55 $94.39 $12.29 $14.44 $19.33333 $0.23

2032 $6.70 $7.70 $5.58 $94.86 $12.35 $14.51 $19.33333 $0.23

2033 $6.73 $7.73 $5.61 $95.33 $12.41 $14.58 $19.33333 $0.23

2034 $6.76 $7.76 $5.64 $95.81 $12.47 $14.65 $19.33333 $0.23

2035 $6.80 $7.80 $5.66 $96.29 $12.53 $14.73 $19.33333 $0.23

2036 $6.83 $7.83 $5.69 $96.77 $12.60 $14.80 $19.33333 $0.23

2037 $6.86 $7.86 $5.72 $97.25 $12.66 $14.87 $19.33333 $0.23

2038 $6.90 $7.90 $5.75 $97.74 $12.72 $14.95 $19.33333 $0.23

2039 $6.93 $7.93 $5.78 $98.23 $12.79 $15.02 $19.33333 $0.23

2040 $6.97 $7.97 $5.81 $98.72 $12.85 $15.10 $19.33333 $0.23

2041 $7.00 $8.00 $5.84 $99.21 $12.91 $15.17 $19.33333 $0.23

2042 $7.04 $8.04 $5.87 $99.71 $12.98 $15.25 $19.33333 $0.23

2043 $7.07 $8.07 $5.89 $100.21 $13.04 $15.33 $19.33333 $0.23

2044 $7.11 $8.11 $5.92 $100.71 $13.11 $15.40 $19.33333 $0.23

2045 $7.14 $8.14 $5.95 $101.21 $13.17 $15.48 $19.33333 $0.23

2046 $7.18 $8.18 $5.98 $101.72 $13.24 $15.56 $19.33333 $0.23

2047 $7.22 $8.22 $6.01 $102.23 $13.31 $15.63 $19.33333 $0.23

2048 $7.25 $8.25 $6.04 $102.74 $13.37 $15.71 $19.33333 $0.23

2049 $7.29 $8.29 $6.07 $103.25 $13.44 $15.79 $19.33333 $0.23

2050 $7.32 $8.32 $6.10 $103.77 $13.51 $15.87 $19.33333 $0.23
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