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Caesar Rodney Institute 
Center for Energy Competitiveness 

PO· Box 795 
Dover, DE 19903 

~W&OarRodney.org 
-~------- lfrtl-f1fl\' 31 prq 2 3Y 

Alisa Bentley 
Secretary 
Delaware Public Service Commission 
861 Silver Lake BId. 
Cannon Building Suite 100 
Dover, DE 19904 

Re: PSCDocketNo.10-02 

DELAWARE P.S.C. 

In the Matter of the Application of Integrated Resource Planning for 
The Provision of Standard Offer Service By Delmarva Power & Light 
Company Under 26 Del C. 1007 ( c) & ( d) 
(Filed December 1,2010) 

Dear Ms. Bentley: 

5/27/11 

Enclosed for filing with the commission are an original and ten ( 10 ) copies of the Caesar Rodney 
Institute evaluation of the DelmarVa Power & Light Company's 2010 Integrated Resource Plan in the above 
captioned docket. We will also send our comments, excluding attachments, via e-mail. 

Sincerely, 

~VV1"'( ~ ~? 
David T. Stevenson 
Director, Center for Energy Competitiveness 

e-mail: DavidStevenson@CaesarRodney.org 
Phone: 302-236-2050 . 
Fax: 302-734-2702 

Cc: Service List 
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Caesar RodneyInstitute 
Center for Energy Competitiveness 

PO Box 795 
Dover, DE 19903 

WWW.CaesarRodney.org 

Delmarva Power 2010 Integrated Resource Plan (IRP) Intervener Recommendations 
, 

DATE: 5/25/11 

Summary 
The primary task of the Public Service Commission (PSC) is to ensure publically approved 

monopolies are providing reliable power at the lowest possible price. The 2010 Delmarva Power Integrated 
Resource Plan (IRP) fails to do this. It fails because it also must meet state legislative and regulatory 
mandates. There has been inadeqUate advocacy to resist laws and regulations that fail to meet the primary 
responsibilities of reliability and ldw cost. In the rush to move away from fossil fuels to renewable energy, 
reliability and cost have been compromised. Ironically, natural gas reserves in the U. S. have tripled and cost 
has come down dramatically whild actually providing a faster path to the reduction of greenhouse gas 
emissions and air pollutants. Thes~ laws and regulations include: 

• A requirement for long tenh, laddered supply contracts when flexibility in contract negotiation is 
needed. 

• An Energy Efficiency requirement that relies on questionable government run programs and ignores 
the success of free markets! in constantly improving the Energy Intensity of our state .. 

• A Regional Greenhouse Gas Initiative that has failed to reduce greenhouse gas, raised electric rates, 
and adds to the difficulty of building generating plants in Delaware. 

• An electric generation resttjucturing process combined with inadequate local generation capacity that 
has left us subject to grid c<>ngestion and the associated costs of Capacity Charges and Locational 
Marginal Pricing that has }(~ft Delaware uncompetitive with most other states 

• A requirement to carry out :an Externalities study ofIRP scenario options that adds $350,000 a year to 
electric rates and offers no hseful information to distinguish one option from another. Plus flawed 

1 

assumptions have been use~ in calculating the externalities. 
• A Renewable Portfolio Standard (RPS) that requires the use of unreliable, expensive alternative 

energy sourceswhile ignoring clean, reliable, affordable energy sources such as natural gas, nuclear, 
and hydroelectric. ' 

Some specific suggestions follow but many of them cannot be implemented without changing laws 
and regulations. 

David T. Stevenson 
Director, Center for Energy Competitiveness 
e-mail: DavidStevenson@CaesarRodney.org 
Phone: 302-236-2050 
Fax: 302-734-2702 

Index 
Sectionl General Recommendatio~s 
Section 2 Externalities Recommendations 
Section 3 Renewable Energy Recopnnendations 
Attachments I through 10 
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Section 1 General Recommendations 

1.1 Allow Contract Term Flexibility 
The latest electricity price forecasts (Chart 1) show prices dropping through 2016. The Delaware 

Electric Coop reported spot market prices for wind power as low as $45IMWh. The IRP continues the 
practice of using long term laddered contracts. In times of falling prices long term contracts lock in higher 
prices. It is recommended short term contracts and spot market pricing be used with a return to longer term 
contracts in two to three years. Delmarva Power should be given the flexibility to determine appropriate 
contract terms given market conditions. 

Chart 1 Electricity Price Forecast in Constant 2009 Dollars 
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Source: U.S. Energy Information ~gency 2011 Annual Market Report 

1.2 Add a Risk & Contingency Analysis 
The IRP should include a risk analysis of key assumptions. A typical table lists an assumption, the 

risk the assumption is wrong, the i'mpact if the assumption is wrong, and a contingency option. For example, 
the IRP estimates offshore wind turbines will be built by 2016 and will be priced at the contract price. This 
depends on the assumption federal production tax credits of 30% are extended beyond 2012. With current 
concerns about deficit spending and the fact the onshore wind market is cost competitive without the 
subsidy, there is a high risk the credits will not be extended. The offshore wind output is needed to meet 
mandated Renewable Portfolio Standards and prices could change significantly without the credit so the 
impact is high. A contingency plan might include more onshore wind purchases. An example analysis is 
offered below in Table 1. 

Table I IRP Key Assumptions Risk Analysis 
Key Assumptions 

• 

Risk Impact Contingency 
Federal PTC Extended beyond 2012 H H Additional Onshore Wind Contracts 
MAPP Built by 2015 M M Build Southern NGCC Plant 
Carbon Tax Assessed H L Assume No Carbon Tax in Next IRP 
SEU Meets Energy Efficiency Goats H H Legislative Revision of Goals 
H-High M Medium L-Low 

2 
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1.3 Assume No Carbon Tax in Next IRP 
Congress was unable to paSs a carbon tax and will likely kill EPA regulatory efforts to establish a 

carbon tax. The use of a carbon taX assumption skews the cost of base load fossil fuel electric generation 
higher than actuaL ; 

1.4 Develop Contingency Plan fQr Sustainable Energy Utility Failure to Meet Energy Efficiency Goals 
The SEU is very far behind in developing energy efficiency programs needed to meet the required 

I 

energy efficiency goals for 2015 iq. the current IRP. A plan is needed to meet these legally mandated goals 
without the SEU (see CRI report titled "Review of Sustainable Energy Utility Programs" Attachment 1) 

1.5 Encourage In-state Construcnon of Base Load Natural Gas and Nuclear Power Plants 
As recently as 1995 Delawlll"e produced 82% of the power used in the state. It appears this will drop 

to 38% by 2014. Importing powet leads to grid congestion. After re-structuring, PlM began assessing 
charges for causing congestion. Delaware manufacturers are un-competitive with other states with 48% 
higher electric costs. 

I 

1.6 Repeal the Regional Greenhouse Gas Initiative (RGGI) 
The RGGI goals have been met but the tax continues to impact electricity rates. The original goal 

was to reduce carbon dioxide emis:sions from Delaware electric power plants by 10% by 2019 and to 
encourage a national cap and trade: tax system. Power plants have already greatly exceeded the goal by 
reducing emissions by over 40% through plant closings, which resulted in the loss of 1200 jobs in Delaware, 
and conversion from coal to natural gas (Table 2). These changes occurred because of market conditions and 
other regulatory requirements with no influence from the RGGI program. Cap and trade is dead globally and 
nationally. Ten states joined with Delaware to create RGGI, New Jersey has announced repeal and several 

, 

others are considering repeal whicJ;1 will leave Delaware with an orphaned program. Only 14% of the $21 
million RGGI auction proceeds ha~ reached clients for energy efficiency projects by the end of the 1 Q 2011. 

i 

Table 2 Carbon Dioxide Emissions Reduction by 2014, RGGI Goal 755 thousand ton reduction 
Plant I Emission Reduction - Thousands of Tons , 

EdgeMoor 841 
Indian River i 1117 

Delaware City : 1783 
Total , 3741 (43% of2007 peak state emissions) . I Source: Energy Information Agency data and announced changes 
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Section 2: Externalities Study Should be Eliminated 
Use of the expensive Externalities Study in the Delmarva Power Integrated Resource Plan process 

should be discontinued. The bi-annual IRP process spends an estimated $700,000 on the Externalities Study. 
Used for the first time in the 2010 IRP, the study showed likely scenario options of adding a single new 
power plant will have little impactIOn the regional grid system (PlM). In addition, assumptions favor 
renewable power. Severe under estimates of both the electricity production of the natural gas combined 
cycle (NGCC) plant and the total global reserves of natural gas exaggerate the benefits of wind power. 
Greenhouse gas emission reduction by 2020 is actually five times larger for the NGCC power plant! 

The Externality Study was added to capture the impact of fossil fuel use not included in normal 
pricing analysis. These issues include the environmental impacts of fuel extraction, climate change, ocean 
acidification, and health impacts. The idea is to compare scenarios. In the current IRP 150 MW wind plants 
were compared to a 135 MW NGqC plant and a reference case using Delmarva's plan. These were 
measured against the relative impapt on the entire PlM network. The IRP conclusion is compared to the 
reference case. The scenarios canJiot be distinguished except for a very small difference in CO2 emission 
levels: 

"The charts also suggest that expected 2020 emissions in Delaware for S02, NOx and mercury are 
similar across all of the four cases. : Only for C02 does one scenario, the NGCC case, have more C02 
emissions in Delaware in 2020 as compared to the other cases." 

, 
; 

2.1 Correct Carbon Dioxide Assumptions , 
The NGCC case used a highly questionable assumption with no explanation. The assumption is the 

plant would only be used 9.6% of~e time (Appendix 7, page 2-5). This is typical of natural gas power 
plants used exclusively to cover occasional peak power needs but Delmarva Power confirmed the scenario 
plan was for a base load power plant. New NGCC facilities typically operate 86% of the time compared to 

, 

wind turbines which operate 31 % of the time. Using the full capacity factor, the NGCC plant will produce 
an additional 913,222 Mega-watt ~ours IOfpower than used in the scenario. 

Natural gas emits only 57~ the amount ofCO:JKWh of electricity production as coal. The IRP 
model for avoided C02 emissions for 2020 (Appendix 7, Page 3-35) shows the NGCC scenario replaces coal 
generation 91 % ofthe time. Using the full NGCC plant output and the coal replacement factor yields an 
additional 1,423,038 metric tons a year of avoided C02 emissions. This flips the Externalities study results 
and shows the NGCC plant reduces CO2 emissions 5.5 times more than wind power by 2020 (Appendix 7, 
page 3-32). 

Additionally, the scenario analysis assumes every kilowatt-hour of wind power production is 100% 
C02 emission free. In fact, becaus¢ of the intermittent nature of wind power, fossil fuel backup power is 

I 

needed. The backup can come fro¢ dialing back coal or gas plants which reduces production efficiency and 
increases CO2 emissions, by using spinning reserve natural gas plants which emit C02 during the standby 
time without generating power, or from peaking plants that have quick startup but are one third as efficient as 
base load plants. Studies indicate backup power emissions reduce the wind power advantage by a wide 
range of estimates from 2% at the low end to essentially 100% at the high end 1• The truth lies somewhere 
between these extremes but it is certainly not zero. 

2.2 Correct Ocean Acidification Assumptions 
While the theory itself can ~e debated, the NGCC plant will reduce CO2 emissions by a greater 

amount than the wind powered plant so the argument is moot. 

4 
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Health impacts did not playa role in the three scenarios in the IRP. For future reference, a report ()n 
the potential health impacts of higp. electricity prices titled "Health Benefits of Low Cost Energy" 
(Attachment 3). The report concludes energy cost premiums can result in lower per capita real income and 
higher unemployment. These twd factors have a direct impact on mortality rates which must be considered . 
as counter balancing higher mortality rates caused by pollution. 

2.6 Consider Economic Impacts: of the "Green Premium" 
Numerous studies have shown one to eight jobs are lost elsewhere for each "green" job created6

. In 
addition, the Renewable Portfolio: Standard will increase customer electric rates 18% adding $310 million a 
year, or $2.34 billion between 2017 and 2026, to the power bills of residential and small business customers. 
Those higher rates will cause annual wages to fall $944, will reduce real disposable income $291 million, 
and will cost nearly 2200 jobs (see American Traditions Institute study titled "The Cost and Economic 
Impact of Delaware's Renewable Portfolio Standard" Attachment 4). 

Section 2 Notes: 

1) "Wind Power and the Uniritended Consequences in the Colorado Energy Market", Bentek Energy, 
LLC, Conclusions Attaclupent 2, link to full report: 
http://icecap.us/images/U:ploadslWindPowerColoradoStudyJylkkaPSCOwind.pdf 

2) 1,207,028 tons/yr. (Appendix 7, page 4-8, Table 4-12) compared to the PlM grid as a whole of 
1,100,736,000 tons/yr. (Appendix 7, page 4-8, Table 4-11) = .01% 

3) 81,956 BOelyr.(Appendix :7,page 5-2, Table 5-2) compared to the PJM grid as a whole of 
1,084,319,169 BOe= .01 ~ 

4) -51,178 ton C02e (Appendix 7, page 5.4, Table 5-3) compared to the PlM grid as a whole of 
4,357,116,000 ton C02e (~ppendix 7, page D-45, Table D.4-4) = .001 % 

5) -l34,032 tons CO2 (Appe~dix 7, page 5-8, Table 5-5) compared to the PJM grid as a whole of 
168,480,891 tons C02 (Appendix 7, page D-50, Table D.4-11) = .08% 

6) Study of the Effects on Employment of Public Aid to Renewable Energy Sources Gabriel Calzada 
Alvarez PhD., Universidad Rey Juan Carlos, http://www.juandemariana.org/pdf/090327-
employment-public-aid-renewable.pdf The Impact of the Delmarva/Bluewater Wind Power Purchase 
Agreement on the Delaware Economy, Edward C. Ratledge, Director, Center for Applied 
Demography & Survey Research at the University of Delaware, "Worth the Candle: The Economic 

5 
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2.3 Correct Extraction Assumptions 
The Externality study compares the extraction of fossil fuels against total proven global reserves for 

the fuel. Recent studies by the U. ~ Infonnation Agency have found global reserves of natural gas have 
doubled, and United States reserves have tripled, because of technology breakthroughs in producing the gas 
from shale fonnations. The impact of extraction is exaggerated in the IRP report. 

, 

2A Be Consistent in what is Significant . 
A wind power negative in tpe Externality study is the amount of S02 emission will be reduced from 

coal powered plants. This reductidn could cause higher local temperatures as aerosols created from the S02 
tend to cause lower temperatures. This impact is rightly judged to be "negligible" on the Environmental 
Power Declaration as the addition of 150 MW of wind power only reduces this effect by 2020 by 0.1 % 2. 
Similar calculations can be done for the NGCC scenario on its Environmental Power Declaration for 
Resource Depletion at .01%3, Greehhouse Gas Contribution at .001%4, and Ocean Acidification at.08%5. 
These are all lower than the wind stenario impact on cooling but are not listed as "negligible" when indeed 
they are negligible. 

') " Add rllntr~ri9n Informstion ,on Health Imoacts 
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Impact of Renewable Ene*gy Policy in Scotland and the UK", Verso Economics, Richard Marsh & 
Tom Miers, "The Myth of Green Jobs: The European Experience", American Enterprise Institute, 
Kenneth P. Green, "Wind:Energy: the Case Denmark", Center for Political Studies, Denmark, 
"California's Energy Policy: A Cautionary Tale for the Nation ", Competitive Enterprise Institute, 
Tom Tanton, "Creating Jobs with 'Green' Power Sources", Stanford University, Hillard G. 
Huntington 
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Section 3 Renewable Energy Recommendations 
, 

3.1 Do Not Consider Scenarios Adding Renewable Power Beyond Legal Mandates 
A basic goal of the Public Service Commission is to ensure the lowest possible electric rates. The 

Renewable Portfolio Standard will increase customer electric rates 18% adding $310 million a year, or $2.34 
billion between 2017 and 2026, to ,the power bills of residential and small business customers. Those higher 
rates will cause annual wages to fa,l $944, will reduce real disposable income $291 million, and will cost 
nearly 2200 jobs (see American Ttjaditions Institute study titled "The Cost and Economic Impact of 
Delaware's Renewable Portfolio Smndard" Attachment 4). The externalities study conducted as part of the 
current IRP shows no compelling reason to pay an even higher premium than already required by law. 

3.2 Assume Bluewater Wind's Offshore Wind Farm will not be Built 
The current contract between Bluewater Wind and Delmarva Power assumes almost $1 Billion in 

federal Production Tax Credits (piC) will be available in 2015 and that the negotiated price of $. 142IKWh 
in 2016 with automatic 2.5% annuaI step increases will be adequate to justify construction. There is a high 
probability both these assumptions: are wrong. The PTC ends at the end of 20 12 and, given high budget 
deficits and the current political climate in Washington, it is unlikely they will be continued. This is 
reinforced by the growing opinion ~mshore wind farms have become a mature industry capable of success 
without subsidies (See CRI article ~'Wind Power is a Mature Industry, Time to End Subsidies" Attachment 
5). Recently completed offshore Wind power contracts in the u.S. and Europe have been ranging between 
$.19 and $.24IKWh. The Energy Imormation Agency's most recent analysis of the levelized cost of offshore 

I 

wind in 2016 will be $.243IKWh. Clearly, the existing contract cannot meet minimal financing requirements 
and will have to be re-negotiated at an unacceptably high price. Offshore wind accounts for about 20% of 
calculated "Green Premium or aborit $60 million a year in 2025. , 

3.3 Reduce the Solar Carve Out to 1 % of Demand 
The current solar carve out of3.5% by 2025 is out of line with other states and accounts for about 

30% of the calculated "Green Prem'ium" or about $90 million a year in 2025. It is by far the most expensive 
renewable power option and has the lowest capacity factor at only about 14% in Delaware. It is a classic 
example of misplaced bureaucratic 'efforts favoring specific technologies instead of providing general targets 
and allowing the marketplace to determine the best solutions. The 3.5% mandate is out of line with other 
states. There are twenty-six states ~d the District of Columbia east of the Mississippi. Fifteen have no RPS 
at all, eight require 1 % or less solar~ two require 2% 0 less, and one requires about 5.5%. A Delaware 
requirement of 1 % would protect the Solar Renewable Energy Credit values of individuals and businesses 
that have already installed or contracted for solar panels. 

3.4 Count Energy Efficiency Imp~ovements Toward the Renewable Portfolio Standard 
Often the most cost effectiv~ means to reduce emissions and to save money is through energy 

efficiency. It is the ultimate renewable and should be counted as meeting the RPS goals although without 
counting as renewable energy credits to be sold. We also forget the unsubsidized economy routinely 
improves Energy Intensity 1.8% a year at both the federal and state level (Chart 2). This has reduced 
Delaware greenhouse gas emissions for each constant dollar of Gross Domestic Product 14 times faster than 
the unaudited claimed efficiency improvements of programs run by DNREC and the SEU combined. 

7 
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Chart 2 Ener Intensity lID rovement 
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, 
3.5 Reduce Wind Power Maximy.m Requirements to 5% of Demand 

Studies have shown proble~ of integrating wind power into the grid occur at about 5% market 
penetrationl

. Delaware is at about 1 % now. In a speech to the Royal Academy of Engineering about the 
increasing role of wind power, Steve Holiday, Chief Executive of England's National Grid stated families 
would have to get use to using power when it was available, rather than constantlr. Experience in Europe 
has been consumers begin to push back on renewable energy subsidies and use when the price impacts hit 
about 5 to 7%. The use of 5% onshore wind and 1 % solar would stay just under a 5% price increase in 
electric rates. The balance of the targeted reductions in greenhouse gas reductions would come from 
conversion to natural gas, efficiendy improvements3

, and eventually nuclear power and will meet these goals 
faster and more reliably than wind :and solar. 

Notes Section 3: 
1) see "Think Twice: Why W¥td Power Mandates are Wrong for the Northwest" Attachment 6, 

Summary of "Analysis of UK Wind Power Generation" John Muir Trust Attachment 7, "Wind is Not 
the Answer", Bradley S. Tu,pi Attachment 8 

2) "Era of constant electricity ~t home is ending, says power chief' The Daily Telegraph Attachment 9 
3) See two CRI articles on "Cleantech Energy Solution" Attachment 10 
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Inside Energy 
Published by the Caesar Rodney Institute 

Center for Energy Competitiveness 

RE: Review of Sustainable Energy Utility Programs 

DATE: 5/17/11 

Summary 
Information supplied to leg~slators by the Department of Natural Resources and Environmental 

Affairs (DNREC) and the Sustainable Energy Utility (SED), combined with information received by CRI 
from Freedom of Information Act inquiries, is sUmmarized below. A number of concerns are evident in the 
way these programs have been runlincluding poor program performance, extraordinary administrative 
overhead, lack of competitive biddIng, duplication of state agency responsibilities, questionable energy , 
savings, and inconsistent third PartY audits. and some of these issues may justifY a formal audit. 

Performance Issues 
1) Only $3.4 million, 10% of SEU revenues raised in the first two years, are in the hands of clients to 

improve energy efficiency and only half that amount was used for long term, core programs. Three 
short-term, one-time prognuns have ended or will end by the end of 20 11. An extraordinary 62% of 
spending went to implementation and administrative fimctions. 

I 

2) About $0.1 million of the etilergy efficiency money spent has had the efficiency gains (49 tons of 
greenhouse gas reduction) confirmed by a third party audit. The remaining 25,000 tons of claimed 
greenhouse gas reduction are questionable . 

. 3) SEU program spending is ohly 45% of the latest budget and 22% of original expectations. 
I 

4) Three core programs involving performance contracting and SEU financing have had no success in 
the market place and face 'cqntinning obstacles. The targeted market segments are well served by 
private enterprise and the S~U brings no obvious value added benefit to these markets. 

5) The reported 25,000 ton red~ction in greenhouse gas emission related to SEU programs over two 
years equals less than 4% otthe reductions of the unsubsidized Delaware economy. 

6) Because of slow program p¢rformance, the SEU has $26 million in unspent funds, about three years 
operating expense. This begs the question of why they need additional fimding from future RGGI 
auctions and the Governor's, proposed $5 million Energy Efficiency Improvement Fund to be drawn 
from Public Utility Tax rev¢nues. 

Audit Issues 
1) Greenhouse gas reduction is:the core goal of the SEU and success will be judged by this metric. 

Therefore, it is crucial claim~ of savings should be beyond question. Unfortunately, the claims of 
every program, except the "<Green for Green" pilot program which uses a third party auditor, are , 
highly questionable. See inqividual program summaries for details. 

2) It appears DNREC awarded ~e administration of two federal rebate stimulus programs for appliances 
and lighting to the SEU with~>ut a competitive bidding process. DNREC had previously run an 
appliance rebate program in~ouse and might have saved money by doing so again. Since outside 
contractors actually ran the programs, several hundred thousand dollars of SEU program 
administration costs might have been saved. 

3) The Home Performance with Energy Star program is the flagship, and only core program making 
significant progress. It has shious flaws similar to the failed low income Weatherization Assistance 
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Program including: contraqtor self policing and a bias to recommend services they offer, a built in , 
bias to exaggerate energy savings, software flaws, and lack of third party or performance verification 
of claimed energy savings. i The key competitive advantage of this program is the ability to offer 50% 
grants on projects up to $1 ~,500. When the ARRA money ends there will be significant resistance 
from homeowners who will have little interest in low cost loans or performance based contracts. 

4) The SED Oversight Board.s in the process of hiring an Executive Director and other staff. The need 
for this hiring may be causJd by poor performance of the Contract Administrator who has the 
responsibility for running S,ED programs. This hiring may be an unnecessary duplication of effort. 

Discussion 
The SED receives funds fro~ several sources such as auction proceeds from the Regional 

Greenhouse Gas Initiative, the federal American Reinvestment and Recovery Act (ARRA), fees for handling 
Renewable Energy Credits, other fees and interest, and tax exempt bond sales. The funds have been spent on 
several programs discussed below as of the end of March, 2011. The SEU has spent about $9 million in two 
years of operation, with $6.5 million assigned to program expenses, 45% of the latest budget. Of the $6.5 
million only $3.4 million has been delivered to clients, 38% of the most recent budget. The original SED 
spending expectation was to have spent $30 million on programs by the first quarter of2011 and actual 
spending is only 22% of that expectation. 

Energy Star Appliance Rebates - 16,004 rebates totaling $1,089,960 were sent to homeowners to 
cover the difference between the co~t of less efficient appliances and Energy Star approved appliances. The 
program was time limited and is now complete. It primarily used ARRA money. It is a similar program to 
an earlier federally funded applianc~ rebate program run by DNREC. The SED claims the program saves 1, 
941,468 KWh of electricity a year. In addition to the rebate cost the SED paid $562,381 to contractors to run 
the program and charged $195,709 for administrative expenses for a combined implementation cost of 
$758,090 (41 % of total program co~t). Concerns include: 

• The assumption for offering ithe electricity savings is that every Energy Star appliance given a rebate 
would not have been bought!without the rebate. The market share of Energy Star appliances and the , 
impact of rebates on market share vary greatly by the type of appliance. One study showed rebates 
only influenced the sales ofelothes washers, but SEU documents show the rebates covered primarily 
refrigerators. Experience with many rebate programs shows they simply move up sales that would , 
have eventually been made a;nyway. Many of the appliances bought would have been Energy Star 
approved with or without the rebate. The SED should not report unverified energy savings as this is , 
the major measure of their success using public funds and the savings should not be exaggerated. 

I 

• The program was assigned tq the SEU by DNREC. Did DNREC consider the cost of keeping this 
program in house to the cost ,of having the SEU fulfill the rebates since DNREC already had 
experience with this type of program to avoid the almost $200,000 SEU administrative cost? Was a 
competitive bidding process hsed to determine if a private outside vendor could have fulfilled the 
rebate program at a lower cost than the SED? It appears the SED then used an outside contractor to 
fulfill the rebates. Was a co~petitive bid process used to select this vendor? 

Lighting Rebates - 525,741 :point of purchase rebates totaling $592,733 (49% of forecast) were 
given to homeowners to cover the difference between the cost of less efficient incandescent light bulbs and 
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compact fluorescent or LED light b~lbs. The program is expected to continue for another 7 to 9 months. It 
primarily uses ARRA money. The SED claims the program saves 24,005,692 KWh of electricity a year. In 
addition to the rebate cost the SED paid $401,577 (40% of program cost) to contractors and in administrative 
expense. Concerns include: 

• The assumption for the electricity savings is that every light bulb given a rebate would not have been 
bought without the rebate. Current market share for energy efficient light bulbs is estimated to be 
18%. Some of the light bulbs bought would have been Energy Star approved with or without the 
rebate. Also, the ten most frequently used lighting fixtures save most of the energy in a home so 
additional purchases have l1l;arginal energy savings. Experience with many rebate programs shows 
they simply move up sales that would have eventually been made anyway. The SED should not 
report unverified energy sav:ings as this is the major measure of their success using public funds and 
the savings should not be exaggerated. 

, 

• The program was assigned to the SED by DNREC. Was a competitive bidding process used to 
determine if a private outsidp vendor could have handled the program at a lower cost? 

Efficiency Plan for Business - 49 participants have received $93,553 in grants primarily for lighting 
for this on-going core program (5% of forecast). It has been expanded to include grants for HV AC, 
building envelop, commercial kitchens and controls. It primarily uses ARRA money. The SED claims 
the program saves 2.119,230 KWh of electricity a year. In addition to the grants, the SED spent 
$698,023 (88% oftotaI program' cost) on implementation and administrative expense. Concerns are: 
• There is no third party audit of energy saving claims plus all the same concerns about lighting as 

stated above. The SED should not report unverified energy savings as this is the major measure of 
their success using public fupds and the savings should not be exaggerated. 

Home Performance with Energy Star - 2,982 participants have received $1,483,097 in grants for 
this on-going core program (34% of forecast). It primarily uses ARRA money. The SED claims the 
program saves 1,387,147 KWh of electricity a year. In addition to the grants, the SED spent $873,943 
(37% of total program cost) on implementation and administrative expense. A recent requirement for 
pre-audits has slowed the program down as private companies perform the same service without a 
separate audit. Concerns are: 
• There is no post project thif(~ party audit of energy saving claims. The SED should not report 

unverified energy savings as' this is the major measure of their success using public funds and the 
savings should not be exaggerated. 

• Grants are made on a sliding scale with higher percentage coverage as the energy savings estimates 
increase. There are three parties in the process, the homeowner, the auditor/contractor, and the SED. 
There is a built in bias for all parties to exaggerate energy savings and thus to overpay grants. 

• In most cases the auditor and contractor are the same company which results in self policing. The 
SED does spot checks but, given the poor experience with the low income Weatherization Assistance 
Program (W AP), there should be a third party auditor on every project or an explicit performance 
contract based on actual KWh saved over time. 

• In most cases the auditor/contractor covers a limited range of possible energy savings projects. A 
heating and air conditioning ,company, or an insulation company, are going to concentrate on their 
specific fields when some other project might offer better savings. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Inside Energy 
Published by the Caesar Rodney Institute 

Center for Energy Competitiveness 

• Auditors must enter saving~ estimation data into a SED approved software program called Beacon. 
The software has some flaws. For example, the band board over a house foundation is best insulated 
with 2" of spray foam but the program only accepts rigid board insulation so the contractor risks 
specifying one solution and:using another. A contractor wanting to add insulation to a roofto create , 
a conditioned space for hea~ing and air conditioning duct work must ignore the existing ceiling or 
duct work insulation which exaggerates energy savings. There may be other flaws. 

• We received an unverified Claim of an auditor/contractor who participated in the failed W AP 
program starting a new company and is now participating in the SEU program. We have evidence 
from one homeowner whose auditor used too high an electricity price and too high an initial 
electricity usage rate on theiir home resulting in exaggerated energy savings. 

• The key competitive advan~ge of this program is the ability to offer 50% grants on projects up to 
$16,500. When the ARRA money ends there will be significant resistance from homeowners who 
will have little interest in low cost loans or performance based contracts. 

Green for Green - 34 participants have received $113,000 in grants for buying Energy Star qualified 
new homes for this pilot program (38% of forecast). Initially RooI money was used but now it is using 
ARRA money. The SED claims the program saves 59,163 KWh of electricity a year. In addition to the 
grants, the SEU spent $16,808 (13% oftotal program cost) on implementation and administrative expense. 
The program has a third party auditor and expires when it reaches $300,000 

Finance Programs - There iare no participants for this core program and the SEU "Retreat" report 
suggests there is little interest in theiprogram as application requirements, prevailing wage requirements, and 
other requirements make it unattractive. This is a major setback for the SED. The program uses ARRA and 
tax exempt bond issues. The progra;m is now primarily focusing on public buildings and the argument can be 
made these improvements should he financed with more traditional bond issues and general tax funds. The 
SED has spent $245,181 on implementation. 

Performance Contracting ~nd Low Income Multi-family Construction - There are no 
participants yet in these core programs which uses energy bill savings to repay the initial cost. The SEU has 
spent $157,155 on implementation. 1Concems are: 

• This type of program is well !served by private energy savings companies and it is not clear what 
added value the SEU provides. Delmarva Power recently reported in a Public Service Commission 
workshop meeting the delay at the SED in getting this program off the ground has actually slowed 
this industry from implementing projects. 

Other Overhead - The SEU had spent approximately $2,500,000 for general overhead costs. 

David T. Stevenson 
Director, Center for Energy Compet:i.tiveness 
Caesar Rodney Institute 
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VIII. 
Conclusions and Mitigation Suggestions 

The overarching conclusion of this analysis is that, like many other public policies, there are 
unintended consequences to implementation of Colorado's RPS. Wind and renewable 
energy programs have been implemented in Colorado and around the country for the best of 
intentions: reducing air pollution (primarily CO2 and other greenhouse gases). The research 
in this report, however, suggests that wind energy, as it has so far been developed by P8CO 
in Colorado and by numerous utilities in ERCOT, has had minimal, if any, impact on C02, yet 
has lead to a significant increase in S02 and NOx. This chapter presents the study 
conclusions and makes a number of recommendations to improve the effectiveness of wind 
resources. 

Conclusions 

The study details the surprising conclusion that the use of wind energy in the PSCO and 
ERCOT context results in increased S02 and NOx and, in the case of PSCO, C02. The 
mechanism driving increased emissions is the need to cycle coal facilities in order to 
accommodate wind, which is considered a "must-take" resource due to the respective states' 
RPS mandates. When wind generation comes online, generation from coal (and natural gas
fired) plants is curtailed until the wind subsides, then their generation is once again ramped up 
to meet demand. Cycling coal units in this manner drives their heat rate up and their 
operating efficiency down, resulting in higher emissions of 802, NOx and C02 than would 
have been the case if the units had not been cycled. 

For the PSCO territory, two methods are used to calculate the incremental emissions that 
result from coal cycling. The first method includes only specific instances where coal 
generation fell by 10% hour-to-hour between 12:00 am and 8:00 am. Results generated from 
this method represent the lower end of the estimate of incremental emissions due to wind 
because this methodology masks small, but sharp, generation changes that happen within an 
hour. The data suggests that these minimal events also result in significantly abnormal 
emission rates. The second method assumes that all variation in emission rates above stable 
day norms result from coal cycling events, and ignores maintenance. Maintenance events 
typically are controlled events where emission rates do not increase. Therefore, maintenance 
events are assumed not to contribute Significantly to the emission increases captured in this 
method. Nevertheless, the second method captures emission increases due to a much 
broader array of causes, only one of which is wind. Accordingly, this method over-estimates 
the potential impact of wind because many of the events are not wind induced. 

In the ERCOT territory, wind events are defined precisely: a 10% or more decrease in coal 
generation simultaneous to a similarly sized increase in wind generation. For all scenarios, 
actual emissions associated with the events are compared to estimated emissions defined as 
avoided generation from coal multiplied by an estimated "stable day" emission rate based on 
stable coal-fired generation periods observed over the month and quarter. 
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Table VIII-1 shows the results of these analyses. The study estimates that coal cycling due to 
wind in PSGO's territory resulted in between 2.0 and 10.5 million pounds of S02 (2.7% to 
14.2% of total PSGO S02 emissions) in 2008 and from 797,000 to 6.8 million pounds of S02 
(1.6% to 14%) in 2009. NOx emissions were also higher due to cycling. In 2008, they 
ranged from 1.5 to 6.3 million pounds (2.4% to 10.0%). In 2009, the range was from 478,000 
to 3.1 million pounds (1.0% to 6.7%). G02 emissions results were more mixed. In 2008, they 
ranged from between a savings of 163,000 tons to an incremental 152,000 tons (-0.8% to 
0.8%). In 2009, the range was from 94,000 to 147,000 tons (-0.6% to 0.9%). In all cases, the 
savings or gain amounted to less than 1 % of total G02 emissions. 

Table VIII-1 

IER(:OTSpecific Event (Quarterly) + ......... c ........ I . .. . . c .. . + . , 

Specific Event (Quarterly) 

Full Year (Quarterly) 

IER(:OT SDE~cific Event (Quarterly) 
. ··1· . 

Full Year 

3% 2% 
14% l()o~ 

2% 1% 
...... I·· ... . 

15% 7% 

<1% 
1% 

<1% 
<1% 

2% 
14% 

3% 
13% 

1% 
... 

7% 
1% 
8% 

.. ···1··· 

94 

147 
(l,047) 

<1% 
1% 

<1% 
<1% 

In ERGOT, the results are somewhat different. The ERGOT study found that cycling coal due 
to accommodating wind resulted in increases between 23 and 157 million tons of S02 in 
2008, and 25 and 123 million pounds of S02 in 2009. As a percent of total S02 emissions, 
these estimates range from 2% to 15% for 2008 and between 3% and 13% for 2009. Excess 
NOx emissions due to coal cycling in 2008 ranged from 1.5 to 15.4 million pounds and 
between 2.2 and 15.2 million pounds in 2009. The 2008 numbers amount to between 1 % and 
7% of total NOx emissions and between 1 % and 8% in 2009. As was the case with PSGO's 
territory, G02 emissions due to cycling were mixed. In 2008, the range was between a 
savings of 637,000 tons and generation of an incremental 566,000 tons. In 2009, the range 
was a savings of 1.0 million tons to a gain of 772,000 tons. In all cases, these estimates were 
less than 1 % of total C02 emissions. 

In both the PSGO and ERGOT analyses, the overall conclusion is that coal cycling has 
significantly increased since wind generation was added to both systems. The above table 
clearly indicates that, regardless of how they are measured, S02 and NOx emissions have 
increased due to the increased coal cycling. While it is not possible to precisely indicate how 
much of the increase is due to wind-induced cycling, as much as 70% of cycling events 
appear to be wind related in ERCOT. Thus, it is logical to assume that a significant portion of 
the incremental emissions due to cycling are, in fact, caused by the need to accommodate 

Page 74 of 77 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'! . ' '' ~~1,'" , ;' , . ., '. .. ' , • 

wind. While meeting RPS-mandated wind generation requirements appears to have a 
minimal impact on CO2, it appears to appreciably increase S02 and NOx. 

There ar~ two caveats that must be understood when interpreting the results of this study. 
First, the study found no instances wh~re PSCO violated C,lny of its air permits as a result of 
cycling coal. Neither PSCO case study revealed instances where PSCO's emissions 
exceeded its permits. Furthermore, the study authors are not suggesting that PSCO violated 
permits in extrapolating the case study results to estimate annual emissions. The second 
caveat pertains to the data. For the ERCOT analysis, hourly generation data is available by 
plant and fuel type including wind. Thus, it is possible to precisely identify wind events based 
on a sudden decline in coal generation coupled with a simultaneous increase in wind 
generation. In the case of PSCO's territory, it is not possible to define wind events with the 
same precision since PSCO does not release its hourly generation data for its wind 
resources. 

There are several other subsidiary conclusions from the analysis: 

1. Duration. Cycling coal-fired power plants has short term and long term impacts. 
Studies that describe interaction between coal and wind often mention the cycling 
issue, but they generally discuss the impacts in a very narrow context: the period of 
time in which the coal plant reduces generation. This study concludes that the impacts 
frequently have much longer duration. Many instances were found where cycling 
causes bag-houses or other pollution controls to lose their calibration and take as long 
as 12 to 15 hours, sometimes as long as 24 hours, to settle back to the pre-event 
emission rates. During these periods, emission rates normally exceed what would be 
experienced if the plant were run at a "stable" generation level. 

2. Timing. Wind-induced coal-plant cycling appears to be a nighttime phenomenon. 
Nearly 70% of the cycling instances identified for PSCO in 2008 occurred between 
12:00 am and 8:00 am. Similarly, 82% of coal cycling events in ERCOT occurred 
during the same time of day. 

3. Non-wind renewable implications. Coal-cycling issues do not appear to impact solar 
and other non-wind renewable energy forms. Solar energy is generated during 
daylight hours, thus, coincides with natural gas-fired generation. When solar energy 
peaks, there is a much greater likelihood that natural gas-fired generation can be 
cycled to accommodate the energy. 

4. Generation mix. Composition of the generation stack is a critical factor. Since most 
wind driven cycling events appear to occur between 12:00 am and 8:00 am, they also 
occur during periods of lowest load. As a result, PSCO and the utilities in ERCOT are 
only operating their "base load" facilities. In the PSCO context, this means the coal 
plants supplemented with some combined.;.cycle natural gas and hydro are in 
operation. In the ERCOT context, base load includes nuclear, coal and combined
cycle plants. The extra emissions result because the RPS-mandated "must-take" wind 
resource exceeds the quantity of power being generated from combined-cycle gas. 
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PSCO's generation mix between 12:00 am and 8:00 am averages 62% Coal, 20% 
Combined Cycle, and 18% Hydro, Wind and Purchases. In ERCOT, the corresponding 
mix is 17% Nuclear, 40% Coal, 28% Combined Cycle, 6% Combustion Turbine, 9% 
Wind and 0% Hydro. Increasing the proportion of base load that is generated by more 
flexible generation equipment - such as natural-gas-fired combined-cycle plants - will 
enable systems to absorb wind without having to cycle their coal plants. 

5. Regulatory conflict. The study results suggest that the RPS mandate is in conflict 
with the Colorado State Implementation Plan for air emissions. The RPS standard 
requires that more wind resources be utilized than can be offset with lower-emission, 
natural-gas generation equipment. That is the case today when wind resources 
account for about 9% of PSCO's total sales. Wind generation will increase in the 
coming years due to mandates to move toward the new 30% of total sales standard. 
Without substantially more natural gas generation being added to the PSCO system, 
the emission increases documented in this study will rise, further enlarging the degree 
to which Denver and the Front Range violates its SIP limitations. 

6. National implications. Congress considering legislation that would mandate a federal 
RPS. While this study only paid cursory attention to areas other than the ERCOT and 
PSCO territories, it is doubtful that a national RPS can be imposed without creating the 
same emissions outcome found in ERGOT, the PSCO territory and in many other 
states. Unless other states have a sufficient natural gas cushion - remember Texas 
has the largest share of its generating capacity fueled by natural gas - imposition of an 
RPS standard greater than 5% will probably increase emissions of CO2, NOx and S02. 

Mitigation Recommendations 

This study suggests several mitigation measures that should be considered: 

1. Result validation. It is recommended that IPAMS request a joint research effort with 
PSCO to validate the results of the study. Significant additional emphasis should be 
placed on analYSis of hourly wind data similar to that provided in ERCOT to enable 
more precise identification of "wind events." In addition, PSCO's insight should 
enhance understanding of why significant impacts occur hours after what appears to 
be a wind event. 

2. Data publication. It is in the state's best interest to understand the air emission 
implications of PSCO's generation behavior, particularly if state mandates are counter
productive to emission reduction goals. Without timely publication of the hourly 
generation from wind, it is not possible for third parties or the state to understand the 
regulatory interactions without making Significant assumptions. The PUC should 
consider requiring the publication of hourly generation data by fuel source including 
wind as part of PSCO's ongoing reporting mandates. The posting does not need to be 
immediate; a time lag of 90 days would be reasonable and enable PSCO to maintain 
limited confidentiality to enhance its trading positions. True transparency around these 
issues is not possible without publication of this data. 
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3. Short term. In the short term (one to two years) there appear to be two options: 

a. Immediately reduce generation at Cherokee and Valmont to levels that eliminate 
the need to cycle by replacing the generation with power produced by the 
numerous under-utilized gas-fired combine cycle and combustion turbines that 
are part of the current IRP resource mix. 

b. Limit the utilization of wind generation to levels that may be offset by cycling 
non-coal facilities. This means that until new generation equipment can be 
brought online, PSCO may not be able to meet the RPS mandate to provide 
12% of "sales" by 2014, but it could meet a mandate to have 12% of capacity in 
the form of renewable energy technologies by 2014. After 2014 provisions of the 
current RPS mandate can be met, provided that adequate gas-fired generation 
is added. 

4. Long term. Beyond 2012, PSCO should consider adding significantly to its combined
cycle natural gas plant capacity and utilization. Combined-cycle plants are designed to 
operate as base load generation and emit significantly lower NOx and CO2 than 
combustion turbines. Adding more combined-cycle plants to the generation stack will 
provide a cushion that will obviate PSCO's need to cycle its coal facilities in all but the 
most extreme situations. 

5. Improved modeling. PSCO, like most utilities, dispatches its plants based on forecast 
generation needs, anticipated emissions, and fuel and emission costs. The models 
used to accomplish this are driven by assumptions about emissions outputs that do not 
appear to take account of the actual variability evidenced by coal cycling. PSCO and 
the PUC should consider improving these models so that they incorporate the 
variability that is evident in the historic data. This would provide more acCurate 
accounting of emissions and the associated costs of cycling coal-fired power plants. 

In addition, future wind integration studies should more dynamically account for the 
emission impacts of coal cycling. Modeling efforts should be calibrated to actual 
historical data, not hypothetical averages and recognize that emissions rates are 
adversely impacted over longer periods than the specific cycling timeframe. The 
impacts of cycling coal plants are not limited to boiler efficiency; the interactions of 
emission control technologies should also be considered. 

6. Reconcile RPS and SIP mandates. This study documents the degree to which RPS 
and SIP mandates are counter-productive. The RPS promotes reduced C02. but if 
implemented inappropriately can result in greater S02. NOx. and C02 emissions. It is 
this potential to increase S02 and NOx which conflict with the mandates of the SIP. 
RPS mandates need to be structured so that they do not create this conflict. 
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Numerous studies conducted in the 
past 1 0-15 years have indicated that economic factors, such 
as income, employment, and socioeconomic status, affect 
disease and death. l The C"dSe study research descn"bed in 
this article shows how a large-scale econometric model-
the application of statistical methods to the study of eco
nomic data and problems-<:an accurately predict long-term 
U.S. mortality trends based on variabI<:s such as per-capita 
income and unemployment rates (~Figure 1). In addi- . 
tion, it demonstrales that even short-term, year-ta-year 
fluctuations in economic indicators can accurately predict 
year-t~ear fluctuations in population mortality rates (see 
Figure 2). These results leave little doubt that the statisti
cally significant reJationships between socioeconomic indi
cators and poputation mortality rates identify principal risk 
factors to a population's health. . 

AN ECONOMETRIC MODEL 
An econometric model was applied to a hypothetical regu
latory case study, whereby U.S. coal was replaced by alter
native higher-cost fuels such as natural gas for the purpose 
of elecoicity generation. The model was used to estimate 
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the premature mortality associated with incre-.ascd unem
ployniem and reduced personal income. The adverse 
impacts on household income and unemployment due to 
the substitution ofhigher-costenergy sources were estimated 
to result in 195,000 additional premature deaths annually 
(see Table 1). 

The results from this hypothetical case study may be 
scaled to apply to specific policy initiaLives affecting the 
U.S. coal-based electricit}, generation sector. For example, 
the U.S. Department of Energy's Energy Information 
Administnltion (ETA) estimates thal climate change bi11s 
currently before the U.s. Gongress-suc.'1 as Senate Amend- . 
ment No. 2028, njected by the Senate in 2003 and again in 

Governmental programs 

intended to protect public 

health and the environment 

should take into account 

potential income and employ

ment effects of required 

compliance measures. 

June 2oo5-could result in the displacement of up to 78% 
of U.S. coal-based electricity generation with higher-cost 
energy sources.2 The methodology employed here suggests 
that. absent any direct mitigation measures to offilet e" .. pected 
decreases in employment and income,s implementation of 
such measures could result in an annual increase of pre
mature mortality rateS by more than 150,000. 

These predicted mortality trends are an order of magni
tude greater than recent estimates of the premature mortal
ity benefits associated with implementation of tlie U.S. 
Environmental Protection Agency's 8-hr ozone standard 
(approximately 1000-3000 premature deaths avoided an
nuaUy)4 and fine particulate (PM2.5) standard (approxi
mately 15,000 premature deaths avoided annually).5Jn this 
context,am.gor impJication of this research is that govern
mental progralns intended to protect public health should 
take into account potential income and employmentdfcclS 
of required compliance mcasures. By increasing the costs of 
goods and services such as energy, and decreasing dispos-

. able incomes, rq,rulation can inadvertenrly harm the socio
economic status of individuals and, thereby, contribute to 
poor health arid premature death. 
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manner. Assuming these estimates 
to be approximately correct, and 
gi\"Cn the epidemiological findings 
on socioeconomic status and 
hea1th,l.s»n it follows that these pro
posed policies might, in effect, bring 
about a net increase in population 
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The socioeconomic-status findings 
show that changes in the economic 
status of indiliduals produce subse
quent changes in the health and life 
span of those indkiduaJs. Unfonu
na~ traditional epidemiological lit
erature has not dealt "ith the issue 
of change in socioeconomic status in 1965 1970 1975 1980 1985 1990 

Age-adjusIed IoIaIl1lOIIaIiIy /ale 
PJqeded age adjusted Rlodalily rate baSed on eQlllOIIlelricmodel 

1995 

relation to changes in health status. 
Howa-er. another body of research 

Figure 1. U.S. total mortality rate, real and projected. 1965-2CD) (level model; 
age-adjusted per 100.000 population). 

shows that decreased real income 
per capita and increased unemploy
ment ba\'e consequences that lead 

ENERGY AND HEALTH 
Energy is among the most indispensable ingredients of 
human existence, l.l'ke mostad\'aJlced indusuial economies. 
the United States depends primarily on carbon-based (and 
carbon-emitting) energy. In 2003. U.S. energ)' users con
sumed a total of 98 quadn"llion British Thermal Units 
(quads) ofene~ including39 quadsofpetroleum. 23 quads 
of natural gas. and 23 quads of 
coal. Nuclear, hydro. and other 
non-carbon-emitting energy 
soun:cssuppJied the remaining 14 
quads. or 15% of total energy con
sumption.6 Emissions from coal
based electricity generation plants 
alone represented one-third of 
u.s. carbon dioxide (C02> emis
sions in 2002.7 
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to increased mortality in U.s. and 
European populations.3.9-11 This literature uses economet
ric analyses of time-scries data to measure the relationship 
between changes in the economy and changes in health 
outcomes. , 

The econometric approach to health impact assessments 
was del'eloped initially in two studies for the Joint Economic 
Committee (lEe) of the u.s. Congress in 19799 and 1984)0 
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A substantial bodyofJiterature 
has developed examining me po
tential impacts of proposed restric
tionson gIeenhouse gas emissions 
on the national gross domestic 
product (GDP), energy prices, in
come, and employmenL8 It has 
been estimated, for example. that 
global dimate change initiati\"'CS 
requiring expanded use of high
cost, 10wer-carbon energyaltema
tives such as natural gas would 
increase the cost of energy to the 
point that per-capita income and 
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Annual dl&ljjeSlR ~1oIaI Dlodalilyl3te ----- Projected annual changes in ~sted I110ItaIity rate based on eccxllllJlSlric model . 
cmploymentrares would decrease FV-2, Annual changes of U.s. total mDI'taIity rate. real and projected. 1966-2CXD (first 

in a quantitatively prediCtable cftffel'eilC8 model using error COhectioal method lECMJ; age Must ..... per 100.aD population). 
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Tbese studies demon
strated tbatdeclines in real 
income per capica and in
creases in unemplO)ment 
Jed to elemted monalityrates 
0\l!l'3subscqucnt period of 
six )elrS. For example, the 
1984JEC study found tbata 
one~percentage-point in
crease in lheunemp1O)ment 
rate (e.g .• from 5% to 6%) 
would lead to a 2% increase 
in theagegdjllStcd mortality 
rale, The growth of reat 
income per capita also 
shO\\'ed a signific3nt corre
lation to decreases in mor
tality rates (except for 
suicide and homicide), 
menial hospilalilation. and 
property crimes. (h-er the 
past four years, the Euro
pean Commission has su~ 
poned similar research 
shO\\ing comparable results 
througbout the European 
Union.lJ 

UPDATED MODEL 
RESULlS 
The research described in 
this article updates the 1984 
JECanal),sis. U.s.dalaforthe 
period 1965-2000 were em
ployed to estimate mortality 
rnresandotherhealtb effects 
ofchanges in economic con
ditions. The econometric 
model combined four pre
dicfu-e fuctolS in the expla
nation of U.S. monality 
trends and fluctuations: 

L real GDPpercapita 
(beneficial impacton 
monality); 

2. employment ratio 
(beneficial impact); 

3. unemployment rate 
(bannful impact); and 

4. the interaction 
between GDP and 
unemplo),mentas 
coincident and 
lagging business<.}'Clc 
indicatolS (bannful 
impact). 

At the nationalJC\'d. the 
fmdingsconfirmed that the 
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hypothesized benefits of real income per capila and employ
ment were strong and statistically significant. ,dille the dam
aging effects of increased unemployment and acute 
business-cycle disturbances were similarl)o robust and statis
tically significant. Figure 1 demonstrates the model's pro
jection of U.S. mortality rates. 

economic gtm\1h is fundamental in meeting basic popula
tion needs, such as nutrition, housing. health insurance,I2 
medical care, sanitation, electricity. transportation, and 
climateconttol. In addition, economic growth enables 
increased industrial im'estment in pollution control 
technologies and safer work en\ironments, \\ith minimal 
ad\"CrsC workplace exposures to chemicals, noise, and un
sanitary conditions. 

As in the 1984 jEe stud)'. the upward trends in real 

In sum, growth in real income 

per capita is the backbone 

of decreases in the U.S. 

mortality rate. 

YcaMC>-}"Car fluctuations in mortality rates are largelyex
plained by annual changes in the behador of \'ClIiables in 
the model (see rlgtlre 2). This means that a decline in the 
mortality rate from one )-earto the next (e.g .. betwccn 1981 
and 1982) is related to increased real income per capila and 
declining unemployment rntcs during that same year's 
change (1981-1982) and the (approximately) IOycars prior 
to that same year's mortality decline. 

income per capita represented the most important factor in 
decreased U.s. mort.-dity rates since the 1960s. Also, the un
emplo}mcnt rate continued to bear a significant COITCJa

tion to increased mortality rates. such dlat an increase of 
1 % in the unemplO)mellt rate erentuates in an approxi
mately 2% increase in tbe age-adjusted monaIity rate, esti
mated cumulath-ely o\"Cr at least dIe subsequent decade. 

State and Regional AnalJses 
lfdlC economic model a-plaining mortality cbanges in dle 
O\-erall United Slates applied to all of i15 regions, or to a 
large nwober of states, dlen it wOllld necessarily follow dtat 
dle historical pattern of mortality rate changes in the re
gions and states would resemble one another. If true, dlis 
would be remarkable, in that there is no existing literantre 
indicating dtat the trends and fluctuations in mortality rates 
arc similar among the m~or regions of the United Slates. 

In swo. growth in real income per capita is the back
bone of decreases in tbe U.s. monality rate. TIlcre are sa'
eral reasons for tbis. FlfSt, \\ith rcspect to ph)-sical health, 
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Regional and state modeling to test the robustness of the 
national model constituted a ncyor effort of the present 
analysis. 

TIle U.s. national-ta-ei model was applied to the expla
nation of mortality rate changes in moe populous and ge0-

graphically diverse states: California, Texas, New York. 
Horida, and minois. 11le results were remarkably similar in 
that the O\-eraU u.s. model applied quite precisely to each 
of those moe states. The model's principal predicti\'e \'3Ji. 
abIes all showed statistically robust relations to ·the age
adjusted mortality rate. It should be. pointed out dlat the 
coefficients. representing me extent of change in mortality 
related to changes in theeconomU:\'3riables, wcrenotiden- . 
tical from state to state. Naoertbeless, it is important to note 
dtat the same economic model described historicalcbanges 
in mortality rates of states thousands of miles from one an
other, with \'3Sdy different economieS. patterns of urbaniza
tion. and a host of lifestyle. social. and emironmentalfactors. 
Similar fmdings resulted from application of the model to 
regional data for the United States. 

All statistical tests traditionaRy used in tim~es anal)'
sis, as weD as the forecasting capacity of dIe model. demon
strnte that each of the variables in the model pla)'S a highly 
significant role and that the entire model is of great st;uisri
cal significance. Tbe 0\'eraI1 results, pm'ilIent dlroUghout 
the United States, demonstrate (1) long-tenn dccliningmor
talityrates related to patterns of economic growth. and (2) 
short-term fluctuations in mortality rates associated with re

cessions, structural unemployment rates, and the lag of un
employment rates behind changes in ~ CDP per capita 
(a standard feature of dIe business q-cle). 

CASE STUDY: MORIALITY EFFECrS OF 
ENERGY SUPPLY CHANGES 
The national econometric model \vasapplied toacasesuldy 
to quantifY the increased mortality rate lhatcould resultfrom 
potential decreased real income per capita and increased 
unemployment rates due to regulatory constraints on U.s. 
coal Ublization. Numerous policy proposals to reduce green
house gas emissions have called for resuictions of carbon 
emissions by the U.S. decuicil)o.generating secto& IS 

Under the hypothetical scenario Ihat coal production 
and related electricity generation were eliminated in fa\"Or 
oflower-carbon. mgher-cost altemam-es sum as natural gas 
comhinedq-cIe generation, an additional 195,000 prema
ture deaths were estimated to ocCur by the year 2010 (see 
Table 1). This is a consen'ati\"e estimate based on a tight 
construction of the assumptions of the future beba\ior of 
lbestud}'\"3riables (c.g.. real income perc:apira, unemplO)ment 
IateS) to 2010. 

The case study used inputs from two anaI)'SCS of the im
pacts of reduced coal utilization on U.s. income and em
ployment data, each offering dis aggregated statc-lC\'el 
estimates of income and employment effects. Standard 8: 
Poor's DRI (1998)14 and Rose andYang oCThe Pennsyl\'a
nia State University (2001)15 used alternati\'c macro
economic and inPUH)utputmodels. respccti\'cly. toestimate 
the reductions of income and employment associated \\itb 

large-scale displacement of 
coal use.. nle findings Crom 
these studies were scaled to 
approximate the effects of a 
hypothetica1100% replace
mentor coal Thus adjusted, 
tbe estimated increased un
emplO)'IJlentin 2010 ranged 
from 3.2 million (Rose and 
Yang) to 4.6 million jobs 
(DRI). The reduction in 
household income was esti
mated ina range ofSl66 bil
lion (RoseandYang, 1999S) 
to$363billion (DRI,I992$). 

. This upward scaling pro
\ided the basis for an assess
mentofpolicy proposals that 
could result in specific en
ergysupplychanges. For ex
ample. inarecent~EIA 
estimates that the climate 
change proposals currently 
before the U.S. Congress 
could lead to die displace
mentof59-78% of U.S. coal
based electricity generation 
by bigher-cost natural gas 
and other a1ternati\'e gencra
tion sources.2 

TIle results from this hy .. 
pothelical casestudy demon
strate tbat increased 
mortality rates would result 
from decreased household 
income and increased un
emplo}'JJ1ent associated "ith 
a shift to higher cost energy 
supply options. absent any 
direct mitigation programs 
that effecti\"ely pm'eDled or 
offset these effectS. The ~ 
mated increased mortalicyin 
the}'ear2010, based on four 
different \-ariations of the 
econometric model, nmges 
from an additional 170,507 
to 368,915 deaths for the 
displacement of 100% of 
coal-based generation. A 
moderately consen'aUre es
timate based on an annual 
change model would be an 
additional 195.308 deaths. 
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change initiati\'cs, UlC indi
cated premature mortality 
from rcduccd income and 
increased unemployment 
would exceed 150,000 
deaths annually, absent any 
direct and effecth'e mitiga
tion programs.3 The effects 
of other poliC}' measures en
tailing significant, near-term 
dismption of enerS}' supply 
markets could bc cstimated 
with a similar linear interpo
lation of these model results. 
Howcver, the model does 
not reliably lend itself to es
timation of mortality cffects 
associated \,ith relati\'elymi
nor shifts in regional coal 
production or electricity 
generation (e.g., 10-15%). 
In many instances, such pro
duction shifts tend to be off
setting, as production 
dccreases in one region are 
offset by gains elsewhere. 

Effects of Lagged 
Relationships 

The relationship between 
changc in thc economic cir
cumstances ofpeoplc's li\'cS 
and their subsequent health 
status unfolds over time, In 
the case of sharp stress reac
tions to financial or employ
ment catastrophes, the 
reaction patterns may be 
very rapid, that is, \,ithill a 
single year. TIlis is clearly the 
case when suicide rates are 

factorcd in, as these rates t}pically rise sharply within scvcral 
months of incrcases in national unemployment rates, 
Chronic diseases such as cardiO\<iScular diseases, on the other 
hand. are known to respond to many different hcalth risk 
factors \\ithin ycars, if not decades. 

In addition to the potential health cffccts of income loss 
a{ld unemplopnent, one has the problem of judging at what 
PQ!nt to bcgin the estimation of the impact of increascd 
1II1e(llplo}ment. The difficulty here is that in classic analyses 
of bu~iness C}'Cles, national income-specifically. GDP per 
capit,l-is it "cQincident" busincss cycle indicator, meaning 
that chang~ in it tend to coincide ,,1th the timing of bus i
ness cycles. Unemplo}ment rates, on the other hand, arc 
"lagging" business cyclc indicators. This means that, despite 
e\'en robust economic gro\\1h, during much of ule initial 
rcar of recovcl"}' from a rccession, uncmplo}ment rates may 
still remain high. 

aWma.DI'g 

If one does not take into account these basic relation
ships bctwecn income and unemployment change on one 
hand and mortality on the oUler O\'er at least a decade, it is 
possible to arrive at the misinterpretation UIat \\ithout lag 
there might be a negative relation bctween unemplo}ment 
and mortalit}~ TIlis could imply that unemplo}ment (in the 
"ery short term) is related to decreased mortalit}.,16 This t}pe 
of error becomes more likelj' if one does not control for the 
usual impact of traditional risk factors on mortaIit}" such as 
thc c(fccts of tobacco and saturated fat consumption on car
dim<iScular mortalit), ratcs O\'cr at least a decade. 

In \irtually all of the studies on uncmployment and 
health. unemplo}ment (especially long-term) is dcfinitively 
associated \\ith higher illness and mortalit}' rates at the indi
\iduallc\'e1 of anal}"sisP But perhaps the most powcrful c\i
dence that economic growth is the fundament.'ll source of 
life-span longe\ity improvement is ulat, as shown in the 
present study, thc trends of decline in mort.'llity rates across 
dh'erse states and regions of the U nitcd St.'ltes are related to 
those in real GDP per capita cumulated for at least 10 years. 

Influence of Other Health Factors 
The model describcd herc was evaluated to determine 
whether control for principal epidemiological risk factors 
to health would render the predicth·e \'ariables insignificant. 
TIle result \\<is umt, whilc known risk factors to health, such 
as high consumption of tobacco, alcohol, and fatty foods, 
arc additionally significant predictors of monalit}; they are 
subordinate to the main cconomic predictors of the model 
that routinely influence mortality. 

Since ule late 19605, incrcasing real income per capita" 
in the United States is no longer positivcly related to con
sumption of tobacco, alcohol, and fhtty foods. Indeed, after 
1970, in the United States and much of Europe, these healul 
risk factors ceased to be found more frequently in higher 
income segments of society and came to be linked instead 
to the Iifest}'les of lowcr socioeconomic groups. Thus, the 
population groups that generally ha\·c benefited least from 
economic growth and ha\'e been most \1.1lnerablc to prob
lems of structural and C}'Clicallosses of emplo)lIlent arc most 
likely to suffer from the risks of diet.'lf}' and addicth'e 
"lifest}'le" hcaltll risks. 

CONCLUSIONS 
This study demonstrates tlle fundamental importlmce of 
sustained economic growth to healtll and improved Iifc span 
for ute U.S. population. The technological bases of long
term economic growth continue to invoke the harnessing 
of energy supplies to enable humans to produce more per 
unit of labor or capital im'estment. The economic growth 
that continuously improves human life expectancy requires 
access to affordable energy. In this fundamental sense, an}' 
policy change that rcduces growth or raises the le\'el of un
emplo}ment should therefore be defined and addressed as 
a public health issue requiring an economic policy response 
that limits or offsets ulese results. Thc illlplication of the 
research described in this article prO\ides an impormnt 
basis for futurc studics of enerS}' and health. em 
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Executive Summary 

In 2005, Delaware enacted Renewable Portfolio Standard (RPS) legislation that requires 
utilities to sell 10 percent of retail electricity sales from renewable sources by 2019-2020. In 
2010, the Legislature amended the law to mandate that Delaware utilities use at least 5 percent 
renewable sources in the generation of electricity in 2010-2011. The mandate will grow steadily 
until reaching to 25 percent in 2025-2026. While the law includes a cost containment provision, 
it is unlikely that the Public Service Commission will implement the provisions. 

The American Tradition Institute and the Cesar Rodney Institute commissioned the Beacon 
Hill Institute (BHI) to apply its STAMP® (State Tax Analysis Modeling Program) to estimate 
the economic effects of the Delaware RPS mandate. To account for the wide range of estimates 
for the renewable electricity costs and capacity factors, BHI uses a Monte Carlo analysis. The 
Monte Carlo analysis allows us to determine -with 90 percent confidence interval- the cost 
of the Delaware state RPS accounting for different cost and capacity factor estimates for 
electricity-generating technologies from the academic literature. Major cost findings include: 

• Consumers will pay $310 million more for electricity in 2026, within a range of $239 million 
and $381 million. 

• Over the period of 2017 to 2026, residents will pay an additional $2.34 billion, within a 
range of $1.859 billion and $2.822 billion. 

• Electricity prices will increase by 18.1 percent in 2026, within a range of 13.9 percent and 
22.2 percent. 

These increased energy prices will hurt Delaware's households and businesses and will impair 
the state economy. According to the study by 2026: 

• Delaware will lose an expected 2,159 jobs, within a range of 1,664 jobs and 2,653 jobs; 
• Annual wages will fall by $944 per worker, within a range of $728 per worker and $1,160 

per worker. 
• Real disposable income will fall by $291 million, within a range of $224 million and $357 

million. 

• Net investment will fall by $49 million, within a range of $38 million and $60 million. 
• Families will pay $269 per year and commercial businesses on average $2,108 per year in 

higher electricity costs in CY 2026. 
• From 2017 to 2026, the average household ratepayer will pay $2,216 in higher electricity 

costs and the average commercial ratepayer will pay an extra $17,369. 

The Economic Impact of Delaware 's Alternative Portfolio Standard / May 2011 
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Introduction 

In 2005, with the passage of Senate Bill 74, Delaware enacted a Renewable Portfolio Standard 

(RPS) for the first time, which required ~at 10 percent of electricity sold in the state by 2020 
J 

derive from an Eligible Energy Resource (EER). 1 In 2007, state lawmakers passed Senate Bill 

19, which increased the 2020 mandate to 20 percent and added a solar carve-out requiring 

solar generated electricity to provide 2.005 percent of all electricity sold in Delaware.2 The RPS 

law charges the Public Service Commission (PSC) and the State Energy Coordinator (SEC) 

with implementing the RPS. 

The PSC is charged with certifying all EERs and, once designated, an EER owner will be 

entitled to one renewable energy credit (REC) or solar renewable energy credit (SREC) for each 

megawatt hour of energy produced. Electricity suppliers must obtain a sufficient number of 

RECs and SRECs to comply with the RPS. If suppliers are unable obtain enough RECs or 

SRECs to comply with the RPS, they must pay Alternative Compliance Payments (ACP) or 

Solar Alternative compliance Payments (SACP) into the Delaware Green Energy Fund. 

The ACP begins at $25 per MWh of shortfall and increases in subsequent years. For suppliers 

that paid the ACP in a previous year, the ACP increases to $50 per MWh, and the ACP 

increases to $80 per MWh in the third year in which it is used by a supplier. The SACP is $400 

per MWh for the first use, $450 per MWh for the second use and $500 per MWh for any uses in 

subsequent years. The State Energy Coordinator has the authority to review and adjust the 

ACP and solar ACP given certain market conditions.3 

The law allows electricity suppliers to recover "actual dollar for dollar costs incurred in 

complying with the State of Delaware's RPS" through a surcharge on the supply portion of the 

ratepayer's electricity bill. The total cost of compliance shall include the costs associated with 

1 An Act to Amend Title 26 of the Delaware Code Relating to Renewable Energy Portfolio Standards. Senate Bill 74, 143rd 
General Assembly, http://depsc.delaware.gov/electric/rpsact.pdf (accessed April 15, 2011). 
2 An Act to Amend the Delaware Code to Increase the Renewable Energy Portfolio Standard, Senate Bill 19, 144th General 
Assembly, http://legis.delaware.govILIS/lis144.nsf/vwLegislation/SB+19I$file/legis.html?open (accessed April 15, 
2011). 
3 Title 26, Public Utilities, Renewable Energy Portfolio Standards 75 Del. Laws, c. 205, § I, (0, 1-4 and E,l-3) 

The Cost and Economic Impact of Delaware's Renewable Portfolio Standard / May 2011 
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any ratepayer funded state renewable energy rebate program, REC and SREC purchases, and 

ACPs and SACPs.4 

Enacted in July 2010, Senate Substitution 1 for Senate Bill 119 amended the Delaware RPS to 

require that 25 percent of all electricity sold in compliance year (CY) 2026 derive from 

renewable sources, including solar, wind, offshore wind, ocean energy, fuel cells, biomass, 

geothermal and hydroelectric.s Additionally, the bill increased the annual step-ups to meet 

this goal and expanded the solar mandate to 3.5 percent of energy production by CY 2026. The 

law contains several provisions that allow renewable projects located in Delaware to receive 

larger credits, up to 350 percent, toward satisfying the RPS mandate. 6 

Senate Substitution 1 established the Delaware Renewable Energy Task Force to recommend 

methods of establishing renewable energy trading mechanisms and other structures to support 

the growth of renewable energy in Delaware. To this end, the task force established a pilot 

program for trading SRECs using a structure with four tiers based on the output of the facility. 

Tiers 3 and 4 cover facilities with over 500 KWs of headline capacity, account for 68 percent of 

the total SRECs and trade at market prices. Tier 2 would cover facilities with a capacity 

between 50 kWs and 500 kWs and Tier 1 would cover facilities with a capacity of less than 50 

kWs.7 The Task Force "utilizes administratively set pricing" and twenty-year contracts for 

Tiers 1 and 2. The Task force assigns prices of $270 per MWh and $250 per MWh respectively 

for the first ten year period and $50 per MWh both Tier 1 and Tier 2 for the second ten-year 

period.s 

The SREC administrative price of $50 for the second ten-year period is well below the likely 

market price for that period. Even if we assume that solar-power enjoys efficiency gains of 

4 Delaware Public Service Commission, "Rules and Procedures to implement The Renewable Energy Portfolio 
Standard," paragraph 4.1, (February 22,2010) http://depsc.delaware.gov/electric!rpsrules fin022211.pdf 
(accessed April, 2011), paragraph 4.1, 10. 
5 The compliance year runs from June to May, thus CY 2026 ends on May 31, 2026. 
6 An Act to Amend Title 26 of the Delaware Code Relating to the Renewable Energy Portfolio Standards. 145th General 
Assembly, Senate Substitute No.1, 
http://www .legis.delaware.gov /LIS/lisI45.nsf/vwLegislation/SS+ 1 +for+SB+ 119/$file/legis.html?open. (accessed 
April,2011). 
7Synopsys of the Delaware 1 year SREC Pilot Procurement Program, 
http://www.dnrec.delaware.gov/energy/information/pages/RenewableEnergyTaskForce.aspx (accessed April 
2011). The document shows Tier 1 to be less than 500 kWs, but this must be a typo. 
8 lbid. 
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3.5% per year, compounded over 20 years, the Tier 1 price of $270 would be $137 at the end of 

the period.9 Therefore, in our analysis of the solar mandate, we assume that the administrative 

. prices for tiers 1 and 2 will continue for the entire 20 year period. 

The law applies to all utilities, including investor-owned, municipal and rural 

cooperatives. Initially municipal utilities and rural electric cooperatives were allowed to opt 

out of the RPS requirements if they established a voluntary green power program and created 

a green energy fund. However, the 2010 amendment replaced the exemption option by 

allowing municipal utilities and rural cooperatives to develop and implement a comparable 

RPS by 2013.10 Therefore, we assume the municipal utilities and rural cooperatives must meet 

the same mandates as outlined in the RPS. 

One utility, Delmarva Power, has responded to the RPS by agreeing to purchase offshore wind 

power from Bluewater Wind Delaware beginning in 2016. The 2010 Integrated Resource Plan 

for Delmarva Power shows that 288 GWh of offshore wind power will be purchased in 2016, 

increasing to 558 GWh in 2017 at a cost of $0.142 per kWhY The production holds constant at 

558 GWh over time, while the price will increase by 2.5 percent annually. We assume that this 

I contract would not take place in the absence of the RPS and we use the contract to provide cost 

I 
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and generation for a portion of the RPS. This is explained in detail in the appendix. 

The RPS specifically exempts industrial customers with a peak load of more than 1,500 

kilowatts (kW). Industrial customers with multiple accounts totaling in excess of 1,500 

kilowatts, the aggregate of their accounts with an NAICS Manufacturing Sector Code must 

have a Peak Demand of at least 751 kilowatts.12 In light of this provision, we eliminate 

electricity sales to Delaware's industrial sector, about one-third of the total, from our analysis. 

The law also includes cost containment provisions. In CY 2010 and thereafter, the PSC may 

review the status of RPS schedule and report to the legislature on the pace of the scheduled 

9 Ryan Riser, Galen Barbose, Carla Peterman, "Tracking the Sun: The Installed Cost of Photovoltaics in the US 
from 1998 to 2007,"Lawrence Berkeley National Laboratory, (February 2009) 
http:// eetd.lb L gOY leal ems/reports/lbnl-1516e. pdf, accessed (October 2010). 
10 Delaware Public Service Commission, "Rules and Procedures to implement The Renewable Energy Portfolio 
Standard," February 22,2010, http:Udepsc.delaware.gov/electric/rpsrules fin022211.pdf (accessed April, 2011), 
paragraph 2.4, 4. 
11 Delmarva Power & Light Company 2010 Integrated Resource Plan. December I, 2010. 
hUp:Uwww.delmarva.com/res/documentsIPUBLIC%20DE%201RP%20FILING.pdf (accessed April, 2011). 
12 Ibid, 2.2.2, 4. 
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percentage increases toward the goal of 25%. If the Commission reports that "the schedule 

either needs to be accelerated or decelerated, it may make re.commendations to the General 

Assembly for legislative changes to the RPS."13 

Beginning in CY 2014, the PSC may slow the scheduled percentage increases towards meeting 

the RPs goal if certain conditions apply. First, if the PSC finds that if alternative compliance 

payments (ACP) or solar alternative compliance payments (SACP) comprise 30% or more of 

the total RPS compliance for three consecutive years. The PSC must also deem that "Retail 

Electricity Suppliers" have made adequate plans to comply with the RPS.14 

The PSC may freeze the percentages from eligible energy resources and solar energy resources 

for regulated electric utilities if the Delaware Energy Office determines that the cost of 

complying with the RPS exceeds 1 percent and 3 percent of the total retail cost for solar energy 

resources and renewable energy resources respectively. Once frozen, the minimum 

cumulative requirements shall remain at the percentage for the compliance year in which the 

freeze was instituted. IS The PSC may lift the freeze if the State Energy Coordinator finds that 

the total cost of compliance can reasonably be expected to be under the 1% or 3% threshold, as 

applicable. 

The legislation does not provide for an automatic trigger to the cost containment provisions. 

Rather the law grants the PSC the discretion to decide if and when the cost containment 

provisions should be implemented. However, the law does mandate automatic · percentage 

increases to the RPS schedule, which remains the central goal of the law. Moreover, the law 

allows electricity prices to rise by an aggregate of 34 percent, on an annual compound basis 

over the first ten years, against the baseline of no RPS mandate and 56 percent by CY 2026. 

Therefore, we believe that it is unlikely that the PSC will choose to implement the cost 

containment provisions, even if the cost thresholds are breached. 

Most renewable electricity sources are more costly and unreliable than conventional energy 

sources such as coal and natural gas, so stand little chance of commercial success in a 

competitive market. This cost and reliability difference between conventional and renewable 

13 Ibid, 3.2.14, 8. 
14 Ibid, 3.2.15, 8. 
15 Senate Substitute 1. 
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energy is likely to persist in the coming decades. In response, producers of renewable energy 

seek to guarantee a market through legislation similar to the Delaware RPS. But what the 

market offers in terms of renewable energy will always be limited. This "market" of joining a 

willing producer with a hesitant buyer does not overcome the limits inherent in renewable 

energy, namely its just-in-:-time reliability. In order to keep the electricity grid in equilibrium, 

intermittent resources such as wind and solar power need reliable back-up sources. If the 

wind dies down, or blows too hard (which trips a shutdown mechanism in commercial 

windmills), another power source must be ramped up instantly. 

Not unlike taxes, artificially higher electricity prices produce negative effects on economic 

activity, since one is paying a higher price for electricity without an increase in the value of 

that electricity. Prosperity and economic growth are dependent upon access to reliable and 

competitively-priced energy. Consumers in Delaware will have limited opportunity to avoid 

these costs. For low income consumers, these higher electricity prices will force difficult 

choices between energy and other necessities such as food, clothing and shelter. 

In this report, the American Tradition Institute and the Caesar Rodney Institute commissioned 

the Beacon Hill Institute (BHI) to estimate the costs of the RPS mandate and the economic 

impact of the legislation on the state economy. To that end, BHI applied its STAMf'® models 

(State Tax Analysis Modeling Program) to estimate the economic effects of the state RPS 

mandate. 

Results 

A variety of cost estimates for renewable electricity sources are available. The U.S. Energy 

Information Administration (EIA), a division of the Department of Energy, provides estimates · 

for the cost of conventional and renewable electricity generating technologies. A literature 

review shows that in most cases the EIA's projected costs can be found at the low end of the 

range of estimates, while the EIA's capacity factor for wind to be at the high end of the range.16 

The EIA appears to overlook the actual experience of existing renewable electricity power 

plants. 

16 The capacity factor measures the ratio of electrical energy produced by a generating unit over a period of time 
to the electrical that could have been at 100 the same 

The Cost and Economic Impact of Delaware's Renewable Portfolio Standard / May 2011 
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In light of the wide divergence in the costs and capacity factor estimates available for 

electricity generation technologies, we utilize a Monte Carlo analysis to provide an estimated 

mean cost and a 90 percent confidence interval of the Delaware RPS mandate. We control for 

possible future variations in energy costs and technological improvements by allowing the 

cost per megawatt hour to vary within a normal distribution, based on the average of many 

cost estimates. Our estimates represent the change that will take place in the indicated 

variable against the assumption that the RPS mandate would not be implemented. The 

Appendix contains details of our methodology. 

The RPS mandates that by Compliance Year (CY) 2010, 5 percent of energy sold in Delaware 

originate from renewable sources. The requirement increases to 7 percent in CY 2012, then by 

1.5 percent each year until reaching 19 percent in CY 2020, and continues at a 1 percent 

increase each year until 25 percent of electricity is required to come from a renewable source in 

CY 2026. The solar carve-out starts at 0.018 percent in CY 2011, increasing to 0.2 percent in CY 

2012, then an additional 0.2 percent each year until reaching 1 percent in CY 2016. The solar 

carve-out then increases by 0.25 percent each year, reaching 3.5 percent in CY 2026.17 

As shown in Table I, the RPS will impose costs of $310 million in CY 2026, within a 90 percent 

confidence interval of $239 million and $381 million. For the period of CY 2017 - 2026 the RPS 

mandate will cost $2.34 billion with a 90 percent confidence interval of $1.859 billion and 

$2.822 billion. As a result, the RPS mandate will increase electricity prices by 2.06 cents per 

kilowatt hour (kWh) or 18.1 percent, within a range of 1.59 cents per kWh, or 13.9 percent and 

2.53 cents per kWh, or 22.2 percent.IS 

The RPS law will reduce economic outputin Delaware. Delaware's ratepayers will face higher 

electricity prices which will increase the cost of living and doing business in the state. By CY 

2026, Delaware will employ 2,160 fewer workers than without the RPS policy, within a 90 

percent confidence interval of 1,660 and 2,650 workers. 

17 Senate Substitute No. l. 
http:Uwww .legis.delaware.gov/LISllis145.nsf/vwLegislation/SS+ 1 +for+SB+ 119!$filellegis.hhnl?open. 
18 We converted the aggregate cost of the RPS into a cost per-kWh by dividing the cost by the estimated total 
number of kWh sold for that year. 
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Table 1: The Cost of the RPS Mandate on Delaware (2010 $) 

Costs Estimates Expected 90% Confidence 

Total Net Cost in 2026 ($ m) 

Total Net Cost 2017-2026 ($ m) 

Electricity Price Increase in 2026 (cents per kWh) 

Percentage Increase 

Economic Indicators 

Total Employment Gobs) 

Gross Wage Rates ($ per Worker) 

Investment ($ m) 

Real Disposable Income ($ m) 

310 

2,340 

2.06 

18.1% 

(2,160) 

(944) 

(49) 

(291) 

239 - 381 

1,859 - 2,822 

1.59-2.53 

13.9% - 22.2% 

(1,660) - (2,650) 

(728) - (1,160) 

(38) - (60) 

(224) - (357) 

The decrease in labor demand - as seen in the job losses - will cause gross wages to faIl. In 

2026, the Delaware RPS will reduce annual wages by $944 per worker, within a range of $728 

and $1,160 per worker. The job losses and price increases will decrease real incomes as firms, 

households and governments are forced to allocate more resources to purchase electricity and 

less to purchase other items. In 2026, annual real disposable income will fall by $291 million, 

within a range of $224 million and $357 million. 

Net investment will fall by $49 million, within a range of $38 million and $60 million. The 

relatively moderate investment losses will be offset by the investments required to build 

renewable power plants, transmission lines and reconfigurations to the electricity grid. 

However, these investments are not as productive as the ones based on conventional energy 

because the renewable mandate works its way through the production methods less 

efficiently. A good analogy would be applying a mandate to telecommunications. 

The RPS is akin to requiring that 25 percent of all Internet Service Providers offer services that 

are comprised of dial-up service over plain telephone service lines. Business would certainly 

be good for dial-up modem manufacturers and telecommunications engineers whom Internet 

Service Providers would depend upon to retrofit their networks; but this investment would 

not increase productivity in the economy. 

Table 2 displays how the RPS will affect the annual electricity bills of households and 

businesses in Delaware. In 2026, the RPS will cost families on average $269 per year and 

The Cost and Economic Impact of Delaware's Renewable Portfolio Standard / May 2011 
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commercial businesses on average of $2,108 per year. Between 2017 and 2026, the average 

household ratepayer will pay $2,216 in higher electricity costs and the average commercial 

ratepayer will spend an extra $17,369. 

Table 2: Effects of the RPS on Electricity Ratepayers (2010 $) 

Cost in 2026 
Residential Ratepayer ($) 

Commercial Ratepayer ($) 

Total over period (2017-2026) 
Residential Ratepayer ($) 
Commercial Ratepayer ($) 

Expected 90% Confidence 

269 
2,108 

2,216 
17,369 

207 - 331 
1,625 - 2,591 

1,761 - 2,671 
13,804 - 20,933 

One could justify the higher electricity costs if the environmental benefits, in terms of reduced 

GHG emissions, outweighed the costs. But it is unclear that the use of renewable energy 

resources, especially wind and solar, significantly reduces GHG emissions. Due to their 

intermittency, wind and solar require significant backup power sources that are cycled up and 

down to accommodate the variability in their production. As a result, a recent study found 

that wind power could actually increases pollution and greenhouse gas emissions in areas that 

generate a significant portion of their electricity from coaP9 

Moreover, the 2010 State of the Market Report for PJM, the regional grid operator for the mid 

Atlantic area including Delaware, coal comprised 68 percent of the marginal electricity 

generation. Thus the case for the heavy use of wind to generate "cleaner" electricity is 

undermined. 

19 See "How Less Became More: Wind, Power and Unintended Consequences in the Colorado Energy Market," 
Bentek Energy, LLC. (Evergreen Colorado: May, 2010). 
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Conclusion 

The rush to renewable energy found in RPS mandates in states across the nation is flawed. 

The policy promotes certain forms of renewable energy - costly ones - at the expense of 

other, more affordable and dependable sources. The Delaware law is no different. On the 

surface, the cost containment provisions in the Delaware law appear to protect . the state's 

electricity ratepayers. However, the provisions allow prices to rise significantly over the next 

15 years and are only triggered at the discretion of the psc. The RPS will result in higher 

utility prices, which will lead employment losses, diminished investment and lower incomes. 

The solar carve out, requiring that solar photovoltaic generate more than 3 percent of 

electricity sold in Delaware, show the policy in its true light. If the RPS policy was truly about 

clean energy at the lowest cost, why does it require specific renewable energy sources? With 

the RPS policy in place, utilities would choose the most cost-efficient renewable energy 

sources, although more costly than conventional sources such as natural gas. 

Senate Bill 74 cited several benefits of electricity from renewable energy sources, including 

"new economic development opportunities." Unfortunately, the policy fails to meet these 

expectations as the economic losses from higher electricity costs will outweigh any economic 

gains from the development of renewable energy in Delaware. 

The Delaware RPS policy puts the state's competitiveness at risk. Higher electricity prices will 

result in slower economic growth for Delaware and a competitive disadvantage with respect 

to other states. Policymakers should pay careful attention to the real danger posed by higher 

electricity prices and repeal the mandate before costs begin to soar. 
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Appendix 
Electricity Generation Costs 

As noted above, governments enact RPS policies because most sources of renewable electricity 

generation are less efficient and less reliable and thus more costly than conventional sources of 

generation. The RPS policy forces utilities to buy electricity from renewable sources and thus 

guarantees a market for the renewable source. These higher costs get passed on to electricity 

consumers including residential, commercial cmd industrial customers. 

The U.S. Department of Energy's Energy Information Administration (EIA) estimates the 

Levelized Energy Cost (LEC), or financial breakeven cost per MWh to produce new electricity 

in its Annual Energy Outlook.20 The EIA provides LEC estimates for conventional and 

renewable electricity technologies (coal, nuclear geothermal, landfill gas, solar photovoltaic, 

wind and biomass) assuming the new sources enter service in 2016. The EIA also provides 

LEC estimates for conventional coal, combined cycle gas, advanced nuclear and onshore wind 

only, assuming the sources enter service in 2020 and 2035. 

While the EIA does not provide LEC for hydroelectric, solar photovoltaic and biomass for 2020 

and 2035, it does project overnight capital costs for 2015 and 2025. We can estimate the LEC 

for these technologies and years using the percent change in capital costs to inflate the 2016 

LECs. In its Annual Energy Outlook, the EIA incorporates many assumptions about the future 

price of capital, materials, fossil fuels, maintenance and capacity factor into their forecast. 

Table 3 shows over time the EIA projects that the LEC for all four electricity sources (coal, gas, 

nuclear and wind) fall significantly from 2016 to 2025. The fall in capital costs drives the drop 

in total system LEC over the period. 

The building of vast wind power plants will require large quantities of raw materials, 

particularly aluminum and other commodities. The rising demand for these commodities -

from the construction of renewable energy plants and from fast growing emerging market 

economies - will certainly increase their prices and therefore costs for wind power plants. 

20 U.S. Department of Energy, Energy Information Administration, 2016 Levelized Cost of New Generation Resources 

from the Annual Energy Outlook 2010 (2009/$MWh) http:Uwww.eia.doe.gov/oiaf/aeo/electricity generation.html 

(accessed January 2011). 
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Aluminum prices have doubled over the past two years as the world economy emerges from 

the recession.21 As a result, capital and other costs are more likely to rise than fall over the next 

two decades. 

Table 3 : Levelized Cost of Electricity from Conventional and Renewable Sources (2009 $) 

Levelized Variable Total 
Capacity Capital Fixed O&M Transmission Levelized 

Plant Type Factor Costs O&M (with fuel) Investment Cost 
Advanced Coal- 2016 0.850 65.3 3.9 24.3 1.2 94.7 

2020 68.6 4.1 25.5 1.3 99.5 
2025 62.4 3.7 23.2 1.1 90.5 

Gas - 2016 0.870 17.5 1.9 45.6 1.2 66.2 
2020 16.9 1.8 44.1 1.2 64.0 
2025 16.5 1.8 43.1 1.1 62.5 

Nuclear -2016 0.900 90.1 11.1 11.7 1.0 113.9 
2020 8404 lOA 11.0 0.9 106.7 
2025 · 70.6 8.7 9.2 0.8 89.2 

Wind-2016 0.344 83.9 9.6 0.0 3.5 97.0 
2020 78.6 9.0 0.0 3.3 90.9 
2025 73.3 8.4 0.0 3.1 84.8 

Solar PV - 2016 0.217 194.6 21.1 0.0 4 219.7 
2025 19204 
2025 165.1 

Biomass-2016 0.830 55.3 13.7 42.3 1.3 112.6 
2025 88.2 
2025 63.7 

I Table 3 also displays capacity factors for each technology. The capacity factor measures the 

ratio of electrical energy produced by a generating unit over a period of time to the electrical 

I 
I 
I 
I 
I 
I 

energy that could have been produced at 100 percent operation during the same period. In 

this case, the capacity factor measures the potential productivity of the generating technology. 

Solar, wind and hydroelectricity have the lowest capacity factors due to the intermittent nature 

of their power sources. EIA projects a 34.4 percent capacity factor for wind power, which, as 

we will see below, appears to be at the high end of any range of estimates. 

21 MetaIPrices.com, "LME Aluminum Price Charts," 
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Estimating a capacity factor for wind power is particularly challenging. Wind is not only 

intermittent but its variation is unpredictable, making it impossible to dispatch to the grid with 

any certainty. This unique feature of Wii\d power argues fo~ftapacity factor rating of close to 

zero. Nevertheless, wind capacity factors have been estimated to be between 20 percent and 
" 

40 percent.22 The other variables that affect the capacity factor of wind are the quality and 

consistency of the wind and the size and technology of the wind turbines deployed. As the 

U.S. and other countries add more wind power over time, presumably the wind turbine 

technology will improve, but the new locations for wind power plants will likely have 

diminishing or less productive wind resources. 

The EIA estimates of LEC and capacity factors paint a particularly rosy view of the future cost 

of renewable electricity generation, particularly wind. Other forecasters and the experience of 

current renewable energy projects portray a less sanguine outlook. 

Today wind and biomass are the largest renewable power sources and are the most likely to 

satisfy future RPS mandates. The most prominent issues that will affect the future availability 

and cost of renewable electricity resources are diminishing marginal returns and competition 

I for scarce resources. These issues will affect wind and biomass in different ways as state RPS 

I 
I 
I 
I 
I 
I 
I 
I 
I 

mandates ratchet up over the next decade. 

Both wind and biomass resources face land use issues. Conventional energy plants can be 

built within a space of several acres and located close to large population centers with high 

electricity demand. However, a wind power plant with the same nameplate capacity (not 

actual capacity) would require many square miles of land. According to one study, wind 

power would require 7,579 miles of mountain ridgeline to satisfy current state RPS mandates 

and a 20 percent federal mandate by 2025.23 Mountain ridgelines produce the most promising 

locations for electric wind production in the eastern and far western United States. 

22 Renewable Energy Research Laboratory, University of Massachusetts at Amherst, "Wind Power, Capacity 
Factor and Intermittency: What Happens When the Wind Doesn't Blow?" Community Wind Power Fact Sheet 
#2a, http:Uwww.ceere.org/rerllabout windlRERL Fact Sheet 2a Capacity Factor.pdf (accessed April 15, 2011). 
23 Tom Hewson and Dave Pressman, "Renewable Overload: Waxman-Markey RES Creates Land-use Dilemmas," 
Public Utilities Fortnightly 61 (August 1, 2009). 
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After taking into account capacity factors, a wind power plant would need a land mass of 

approximately 12 by 16 miles to produce the same energy as a nuclear power plant that can be 

situated on 600 square yards.24 

The need for large areas of land for situating wind power plants will require the purchase of 

vast areas of land by private wind developers and/or allowing wind production on public 

lands. In either case, land acquisition/rent or public permitting processes will likely increase 

costs as wind power plants are built. Offshore wind is vastly more expensive than onshore 

wind power and suffers from the same type of permitting process faced by onshore wind 

power plants, as seen in the 10-year permitting process for the planned Cape Wind project off 

the coast of Massachusetts. 

The swift expansion of wind power will also suffer from diminishing marginal returns as new 

wind capacity will be located in areas with lower and less consistent wind speeds. As a result, 

fewer megawatt hours of power will be produced from newly-built windmills. Moreover, the 

new wind capacity will be developed in increasing remote areas that will require larger 

investments in transmission and distribution, which will drive costs even higher. 

The EIA estimates of the average capacity factor used for onshore wind power plants, at 34.4 

percent, appears to be at the higher end of the estimates for current wind projects. This figure 

is inconsistent with estimates from other studies.25 According to the EIA's own reporting from 

137 current wind power plants in 2003, the average capacity factor was 26.9 percenU6 In 

addition, a recent analysis of wind capacity factors around the world finds an actual average 

capacity factor of 21 percent.27 Moreover, other estimates find capacity factors in the mid teens 

and as low as 13 percent.28 

24 "Evidence to the House of Lords Economic Affairs Committee Inquiry into 'The Economics of Renewable 
Energy'," Memorandum by Dr. Phillip Bratby, May 15, 2008. 
25 Nicolas Boccard, "Capacity Factors for Wind Power: Realized Values vs. Estimates," Energy Policy 37, no. 7 
(July 2009): 2680. 
26 Cited by Tom Hewson, Energy Venture Analysis, "Testimony for East Haven Windfarm," January 1, 2005, 
http://www.windaction.org!documents/720 (accessed December 2010). 
27 Boccard. 
28 See "The Capacity Factor of Wind, Lightbucket," http://lightbucket.wordpress.com/2008103113/the-capacity
factor-of-wind-power/, (accessed December 22,2010) and National Wind Watch, FAQ http:Uwww.wind

December 
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Biomass is a more promising renewable power source. Biomass combines low incremental 

costs relative to other renewable technologies and reliability. Biomass is not intermittent and 

therefore it can be dispatched with a capacity factor that is competitive with conventional 

energy sources. Moreover biomass plants can be located close to urban areas with high 

electricity demand. But biomass electricity suffers from land use issues even more so than 

wind. 

The expansion of biomass power plants will require huge additional sources of fuel. Wood 

and wood waste comprise the largest source of biomass energy today. Other sources of 

biomass include food crops, grassy and woody plants, residues from agriculture or forestry, 

oil-rich algae, and the organic component of municipal and industrial wastes.29 Biomass 

power plants will compete directly with other sectors (construction, paper, furniture) of the 

economy for wood and food products and arable land. 

One study estimates that 66 million acres of land would be required to provide enough fuel to 

satisfy the current state RPS mandates and a 20 percent federal RPS in 2025.30 When the 

clearing of new farm and forestlands are figured into the GHG production of biomass, it is 

likely that biomass increases GHG emissions. 

The competition for farm and forestry resources would not only cause biomass fuel prices to 

skyrocket, but also cause the prices of domestically-produced food, lumber, furniture and 

other products to rise. The recent experience of ethanol and its role in surging corn prices can 

be casually linked to the recent food riots in Mexico and the surge in hunger in the Darfur 

region of Sudan. These two examples serve as reminders of the unintended consequences of 

government mandates for biofuels. The lesson is clear: biofuels compete with food production 

and distort the market. 

Calculation of the Net Cost of New Renewable Electricity 

To calculate the cost of renewable energy under the RPS, BHI used EIA data to determine the 

percent increase in utility costs that Delaware residents and businesses would experience. 

29 Biomass Energy Basics, National Renewable Energy Laboratory, Biomass Basics, 
http:Uwww.nrel.gov/learning/re biomass.html (accessed December, 2010). 
30 Hewson, 61. 
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This calculated percent change was then applied to calculated elasticities, as described in the 

STAMP modeling section. 

We utilized the EIA "reference case Electric Power Projections for EMM Region, Reliability 

First Corporation I East" for retail electricity sales and prices by sector from 2008 to 2035.31 To 

these totals, we applied the percentage of renewable sales prescribed by the Delaware RPS. 

I By CY 2026, renewable energy sources must account for 25 percent of total electricity sales in 
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Delaware. 

Next we projected the growth in renewable sources that would have taken place absent the 

RPS. We used the EIA's projection of renewable energy sources by fuel for the Reliability First 

Corporation/East through 2035 as a proxy to grow renewable sources for Delaware. We used 

the growth rate of these projections to estimate Delaware's renewable generation through CY 

2026 absent the RPS.32 

Table 4: Projected Electricity Sales, Eligible Renewables and RPS Requirement 
Projected 
Electricity Eligible RPS 

Year Sales Renewable Requirement Difference 

MWhs (OOOs) MWhs (OOOs) MWhs (OOOs) MWhs (ooos) 
2016 11,303 163 1,639 1,476 

2017 11,668 163 1,867 1,704 

2018 12,045 163 2,108 1,945 

2019 12,435 163 2,363 2,200 

2020 12,837 163 2,567 2,404 

2021 13,253 163 2,783 2,620 

2022 13,682 163 3,010 2,847 

2023 14,125 163 3,249 3,086 

2024 14,582 163 3,500 3,337 

2025 15,055 163 3,764 3,601 

Total 130,985 1,630 26,849 25,219 

31 U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook 2011, "Table 81: Electric 
Power Projections for EMM Region/Reliability First Corp./ East, 2008 through 2035," 
http://www.eia.doe.gov/forecasts/aeo/tablesref.dm (accessed April 2011). 
32 U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook 2011, "Table 92: 
Renewable Electricity Generation by Fuel," 
http://www .eia.gov/oiaf/aeo/tablebrowser/#release=AE02011&subject=0-AE02011&table=67 -AE02011&region=3-

2011 
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Before making the projections about which renewable resources would be used to meet the 

Delaware RPS, we allocated part of the new renewable to be met with Delmarva Power's 

offshore wind purchases. According to the companies 2010 Integrated Resource Plan, 

Delmarva would purchase 288 GWh of electricity in 2016, increasing to 558 GWh for 2017 

onward.33 1his energy would cost $0.142 per KWh, with an automatic annual increase of 2.5 

percent per year. Since this is already contracted, we included it in the RPS mix, accounted for 

the solar carve out, then distributed the rest of the new renewable according to the regions 

projected renewable growth, per the EIA. 

We subtracted our baseline projection of renewable sales from the RPS-mandated quantity of 

sales for each year from CY 2017 to CY 2026 to obtain our estimate of the annual increase in 

renewable sales induced by the RPS in megawatt hours (MWhs). TheRPS mandate exceeds 

our projected renewable in all projected CY (2017 to 2026). This figure also represents the 

maximum number of MWhs of electricity from conventional sources that are avoided, or not 

generated, through the RPS mandate. We will revisit this shortly. Table 4 above contains the 

results. 

The Delaware RPS, in addition to its renewable requirements, also has a specific solar carve

out, with a four tier system. Tier 3 and 4 represent the larger solar power sources, and the 

Solar Renewable Energy Certificate (SREC) that they generate would be priced though 

competitive bidding. Tier 1 and 2 are smaller scale and their SRECs would be administratively 

priced.34 The PSC projects 68.4 percent of SRECs will come from Tire 3 and 4 producers, so we 

used our market cost estimates to price out this share of solar power coming online between 

2017 and 2026. For the 13.4 percent of SRECs coming from Tier 1, we priced them at $270, the 

administrative price set by the pilot program. We priced the Tier 2 utilities at $250, which 

represent the final 18.2 percent of the carve-out.35 

We used the 2016 LEC for the years 2010 through 2018 to calculate the cost of the new 

renewable electricity and avoided conventional electricity, assuming that before 2016 LEC 

underestimates the actual costs for those years and for 2017 and 2018, the 2016 LEC slightly 

33 Delmarva Power & Light Company 2010 Integrated Resource Plan. December 1, 2010. 
http://www.delmarva.com/res/documentsIPUBLIC%20DE%20IRP%20FILING.pdf (accessed April, 2011). 
34 Synopsis of the Delaware 1 Year SREC Pilot Procurement Program. April 7, 2011. 
35 Ibid. 
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overestimates the actual costs. We assumed that the differences will, on balance, offset each 

other. For 2019 and 2020 we used the 2020 LEC. The assumption is that LEC will decline over 

time due to technological improvements over time. 

We use the EIA's reference case scenario for all technologies. Since capital costs represent the 

large component of the cost structure for most technologies, we used the percentage change in 

the capital costs from 2016 to 2025 to adjust the 2016 LECs to 2025. For the technologies that 

the ErA does not forecast LECs in 2020, we used the average of the 2016 and 2025 LEC 

calculations, assuming a linear change over the period. 

We completed the calculations both the EIA cost estimates and cost estimates from a third 

party, and used the average. We adjusted the EIA costs down by 3 percent for nonrenewable 

power sources, to offset the EIA's 3 percent increase in the capital cost of these electricity 

sources due to presumed future national legislation on emissions.36 We do not believe that 

national regulations are likely. Table 5 displays the average and standard deviation of the LEC 

and capacity factors for each generation technology. 

For conventional electricity we assumed that the technologies are avoided based on their costs, 

with the highest cost combustion turbine avoided first. For coal and gas, we assumed they are 

avoided based on their estimated proportion of total electric sales for each year. Although 

hydroelectric and nuclear are not the cheapest technology, we assume no hydroelectric or 

nuclear sources are displaced since most were built decades ago and offer relatively cheap and 

clean electricity today. 

We also adjusted the avoided cost of conventional energy to account for the lower capacity 

factor of wind relative to conventional energy sources. We multiplied the cost of each 

conventional energy source by the difference between its capacity factor and the capacity 

factor for the renewable source and then by the ratio of the new generation of the renewable 

source to the total new generation of renewable under the RPS. For example, for coal, we 

multiplied the avoided amount generation of electricity from coal (2.93 million MWhs in CY 

2026) by the LEC of coal ($79.39 per MWh) and then by one minus the difference between the 

capacity factor of coal and the weighted average (using MWs as weights) capacity factor of 

wind (27 percent). This process is repeated for each conventional electricity resource. 

36 Levelized Cost of New Generation Resources in the Annual Energy Outlook 2011 
1\11<>"2, 
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Table 5: LEC and Capacity Factors for Electricity Generation Technologies 

Capacity 
Factor Total Production Cost ($/MWh) 

(,eercent) 2010 2020 2025 

Coal 
Average 79.5 79.637 80.671 75.647 

St. Dev. 7.430 9.635 7.369 

Gas 
Average 86 70.039 67.649 66.953 

St. Dev. 3.541 3.403 3.826 

Nuclear 
Average 90 93.711 81.358 67.937 

St. Dev. 10.196 13.472 11.311 

Biomass 
Average 75.5 111.559 94.531 80.092 

St. Dev. 1.421 5.477 11.108 

Wind 
Average 26.9 190.881 178.847 166.814 
St. Dev. 58.839 55.130 51.421 

Solar 
Average 19 213.109 186.614 160.119 
St. Dev. 21.311 18.661 16.012 

I To estimate the cost of producing the additional extra renewable energy under an RPS against 

the baseline, we used estimates of the LEC, or financial breakeven cost per MWh to produce 

I 
I 
I 
I 
I 
I 
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the electricity.37 However, as outlined in the "electricity generation cost" section above, the 

EIA numbers provide a rather optimistic picture of the cost and generating capacity of 

renewable electricity, particularly for wind power. A literature review provided alternative 

LEC estimates that were generally higher and capacity factors that were lower for renewable 

generation technologies than the EIA estimates.38 

37 U.S. Department of Energy, Energy Information Administration, 2016 Levelized Cost of New Generation Resources 

from the Annual Energy Outlook 2011 (2009/$NiWh), 
http://www.eia.gov/oiaf/ae0t.~~~1.~brovvs~~/#rele~.se ... AE02011&subject=0-AE02011 &table=67 -AE02011 &region=3-
0&cases=ref2011-d12081Oc (Cl.<:c~~se<iAprill,.?I@Q1.0l). 

38 For coal, gas and nuclear generation we used the production cost estimates from the International Energy 
Agencies, Energy Technology Analysis Programs, "Technology Brief E01: Coal Fired Power, E02: Gas Fired 
Power, E03: Nuclear Power and E05: Biomass for Heat and Power," (April 2010), http:Uwww.etsap.org/E-techDS/ 
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To account for both of these projections we utilized computer software, Crystal Ball, to 

perform a Monte Carlo analysis.39 We varied the cost of energy per MWh, one of the 

independent variables in our calculations, according to a normal distribution, where the mean 

was equal to the average between the EIA estimates, and the higher, cost estimates. The 

standard deviation was set equal to the difference between this average and the EIA price (or 

the higher price, as both calculations are equal, since it was the average of the two) times 1.645. 

This calculation resulted in 90 percent of the prices that Crystal Ball randomly generated in the 

modeling to be between the EIA cost estimate and the second, higher, cost estimate. We 

completed this analysis for each energy generation type and for each year. 

With these distributions in place, we set the percent change in electricity price as our 

dependant variable or the variable that would be tracked across trials. At this point, we set 

Crystal Ball to run 10,000 random trials. Each trial selected a value for each independent 

variable, such that the aforementioned statistical rules were followed. These costs per MWh 

are applied to the amount of electricity supplied from renewable sources under the RPS, 

because this figure represents the amount of conventional electricity generation capacity that 

presumably will not be needed under the RPS. The difference between the cost of the new 

renewable sources and the costs of the conventional electricity generation Delaware represents 

the net cost of the RPS. This net cost increase divided by total retail sales equals the total cost 

increase per MWh due to the RPS. Crystal Ball divided this result by the EIA estimated price 

of electricity for the region in that year, and recorded the percent change in energy costs as 

final result. 

(accessed April 15, 2011). To the production costs we added transmission costs from the EIA using the ratio of 
transmissions costs to total LEC costs. For wind power we used the IEA estimate for levelized capital costs and 
variable and fixed 0 & M costs. For transmission cost we used the estimated costs from several research studies 
that ranged from a low of $7.88 per kWh to a high of $146.77 per kWh, with an average of $60.32 per MWh. The 
sources are as follows: Andrew Mills, Ryan Wiser, and Kevin Porter, liThe Cost of Transmission for Wind Energy: 
A Review of Transmission Planning Studies," Ernest Orlando Lawrence Berkeley National Laboratory, 
http://eetd.lbl.gov/EA/EMP (accessed December 2010); Competitive Renewable Energy Zones (CREZ) 
Transmission Optimization Study, The Electric Reliability Council of Texas, April 2, 2008 
http://www.ercot.com/newslpresentations/2006/ATTCH A CREZ Analysis Report.pdf (accessed April 15, 2011); 
Sally Maki and Ryan Pletka, Black & Veatch, California's Transmission Future, August 25,2010, 
http://www.renewableenergyworld.com/rea/news/article/2010108Icalifornias-transmission-future (accessed April 
15,2011). 
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An example of a trial . run would begin with Crystal Ball selecting a random value, from a 

normal distribution, for each of the types of variables (i.e. Coal, Natural Gas, Nuclear, Biomass, 

Wind and Solar). The program applies the costs to the required quantity of renewables in 

order to meet the state RPS, to assess the cost, and to the foregone conventional energy, to 

assess the benefits. We subtract the benefits from the costs to calculate the net cost of the RPS. 

Dividing the next cost by the predicted retail sales that year results in the cost per kWh. This 

cost per kWh is then divided by the predicted electricity cost in Delaware resulting in our 

dependent variable. Crystal Ball repeated the calculation for the next trial, until 10,000 trials 

were completed. Figure 1 is a graphical representation of the 10,000 results for the percent 

change in electricity prices for year CY 2026. 

The figure shows that the results are symmetrically grouped around the expected price 

increase for CY 2026, 15.2069 percent. The Standard Deviation was 3.0528 percent, while the 

median was 15.2087 percent. Skewness was 0.0394, meaning that the distribution is very 

symmetric. 
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With this data, we were able to calculate the mean price change, our expected change, as well 

as the upper and lower bound, such that there is only a 5 percent probability that the price 

increase would fall in either of the tails, or outside our the distribution range. This range 

forms our 90 percent confidence interval for electricity price changes. 

The LECs are applied to the amount of electricity supplied from renewable sources under the 

RPS, because this figure represents the amount of conventional electricity generation capacity 
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that presumably will not be needed under the RPS. The difference between the cost of the new 

renewable sources and the costs of the conventional electricity generation in Delaware 

represents the net cost of the RPS. Table 6 displays the results of our Expected Cost, as well as 

the upper and lower bound of the 90 percent confidence interval. 

Table 6: Expected, Low and high Cost Cases of RPS Mandate 

Year Expected Low High 

(2010 $OOOs) (2010 $OOOs) (2010 $OOOs) 

2017 133,607 102,090 165,124 

2018 167,306 138,076 196,535 

2019 189,520 154,349 224,690 

2020 217,140 174,893 259,387 

2021 222,994 178,176 267,813 

2022 243,964 194,145 293,783 

2023 264,670 209,868 319,473 

2024 282,966 223,656 342,277 

2025 308,440 244,971 371,909 

2026 309,709 238,737 380,681 

Total 2,340,316 1,858,961 2,821,672 

Ratepayer Effects 

To calculate the effect of the RPS on electricity ratepayers, we used EIA data on the average 

monthly electricity consumption by type of customer: residential, commercial and industrial.40 

The monthly figures were multiplied by 12 to compute an annual figure. We inflated the 2009 

figures for each year using the average annual increase in electricity sales over the entire 

period.41 

40 U.S. Department of Energy, Energy Information Administration, "Table 5. Residential Average Monthly Bill by 
Census Division, and State," (January 2010) http://www.eia.doe.gov/cneaf/electricity/esr/table5.html, We inflated 
the 2009 consumption figures using the increase in electricity demand from the EIA of 0.89 percent compound 
annual growth rate. 
41 U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook 2011, "Table 8: 
Electricity Supply, Disposition, Prices, and Emissions," 
http://www .eia.gov/oiaf/aeo/tablebrowser/#release=AE02011&subject=0-AE02011&table=67 -AE02011&region=3-
0&cases=ref2011-d120810c. (accessed April IS, 2011). 
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We calculated an annual per-kWh increase in electricity cost by dividing the total cost increase 

- calculated in the section above - by the total electricity sales for each year. We multiplied 

the per-kWh increase in electricity costs by the annual kWh consumption for each type of 

ratepayer for each year. For example, we expect the average residential ratepayer to consume 

13,073 MWhs of electricity in CY 2026 and we expect the average cost scenario to raise 

electricity costs by 2.0572 cents per kWh in the same year in our expected cost case. Therefore, 

we expect residential ratepayers to pay an additional $269 in CY 2026. 

Modeling the RPS using STAMP 

We simulated these changes in the STAMP model as a percentage price increase on electricity 

to measure the dynamic effects on the state economy. The model provides estimates of the 

proposals' impact on employment, wages and income. Each estimate represents the change 

that would take place in the indicated variable against a "baseline" assumption of the value 

that variable for a specified year in the absence of the RPS policy. 

Because the RPS requires Delaware households and firms to use more expensive "advance" 

power than they otherwise would have under a baseline scenario, the cost of goods and 

services will increase under the RPS. These costs would typically manifest through higher 

utility bills for all sectors of the economy. For this reason we selected the sales tax as the most 

fitting way to assess the impact of the RPS. Standard economic theory shows that a price 

increase of a good or service leads to a decrease in overall consumption, and consequently a 

decrease in the production of that good or service. As producer output falls, the decrease in 

production results in a lower demand for capital and labor. 

Bill utilized its STAMP (State Tax Analysis Modeling Program) model to identify the 

economic effects and understand how they operate through a state's economy . STAMP is a 

five-year dynamic CGE (computable general equilibrium) model that has been programmed to 

simulate changes in taxes, costs (general and sector-specific) and other economic inputs. As 

such, it provides a mathematical description of the economic relationships among producers, 

households, governments and the rest of the world. It is general in the sense that it takes all 

the important markets, such as the capital and labor markets, and flows into account. It is an . 

equilibrium model because it assumes that demand equals supply in every market (goods and 

services, labor and capital). This equilibrium is achieved by allowing prices to adjust within 
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the model.. It is computable because it can be used to generate numeric solutions to concrete 

policy and tax changes.42 

In order to estimate the economic effects of the RPS we used a compilation of six STAMP 

models to gamer the average effects across various state economies: New York, North 

Carolina, Washington, Kansas, Indiana and Pennsylvania. These models represent a wide 

variety in terms of geographic dispersion (northeast, southeast, midwest, the plains and west) 

economic structure (industrial, high-tech, service and agricultural) and electricity sector 

makeup. 

Table 7: Average Elasticity of the Economic Variables 

Economic Variable 
Employment 
Gross wage rates 
Investment 
Disposable Income 

Elasticity 
-0.022 
-0.063 
-0.018 
-0.022 

Using three different utility price increases - 1 percent, 4.5 percent and 5.25 percent - we 

simulated each of the six STAMP models to determine what outcome these utility price 

increases would have on each of the six state's economy. We then averaged the percent 

changes together to determine the effect of the three utility increases. Table 7 displays these 

elasticities, which were then applied to the calculated percent change in electricity costs for the 

state of Delaware discussed above. 

We applied the elasticities to the percentage increase in electricity price and then applied the 

result to Delaware economic variables to determine the effect of the RPS. These variables were 

gathered from the Bureau of Economic Analysis Regional and National Economic Accounts as 

well as the Bureau of Labor Statistics, Current Employment Statistics.43 

42 For a clear introduction to CGE tax models, see John B. Shoven and John Whalley, "Applied General
Equilibrium Models of Taxation and International Trade: An Introduction and Survey," Journal of Economic 
Literature 22 (September, 1984): 1008. Shoven and Whalley have also written a useful book on the practice of CGE 
modeling entitled Applying General Equilibrium (Cambridge: Cambridge University Press, 1992). 
43 See the following: Bureau of Economic Analysis, "National Economic Accounts," http://www.bea.gov/nationall; 
Regional Economic Accounts, http://www.bea.govlregionallindex.htm. See also Bureau of Labor Statistics, 
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Inside Energy 
Published by the Caesar Rodney Institute 

Center for Energy Competitiveness 

----------------------------------------------~----------------------------------

RE: Wind Power is a Mature Industry, Time to End Subsidies 

DATE: 4/16/11 

How long should government subsidies last for an emerging industry? The best answer is they 
should never start. New products go through a product development life cycle; invention, slow initial growth 
with iterative product improvements, market acceptance, rapid growth, maturity, and decline. New products 
that go through this process are robust and can withstand the challenges of the free market. Government 
subsidies lead to premature rapid growth and skip the tempering process of product improvement and market 
acceptance. Then, when the subsidies disappear, the market collapses. This is exactly what has happened in 
countries where high renewable energy subsidies are removed such as Spain. 

But let's assume there are some products that are just so important we have to subsidize them. Most 
people would agree subsidies should still end when an industry becomes mature. There are several measures 
of market maturity. The most important measure is when a product reaches a certain share of the market, 
usually at about 10%, or begins rapid growth. A second measure is when the product becomes price 
competitive with most of the alternative available products. A third measure is when product innovation 
begins to level off and large numbers of competitors enter the market. 

According to the American Wind Power Institute, wind energy has accounted for 35% of all new 
electric generating capacity built in the United States since 2007, second only to natural gas. They also 
report there are over 250 wind power manufacturing companies employing 20,000 people. The U.S. Energy 
Infonnation Agency "2011 Annual Energy Outlook" projects the levelized cost of new electric generation 
capacity in 2016. Onshore wind turbines, without subsidies, are roughly equal in cost to new coal plants, 
lower than nuclear plants and slightly higher than natural gas plants (offshore wind and solar are 2.5 times 
onshore wind). New wind turbines beginning to enter the US market from China are even cheaper. The 
Department of Energy "2009 Wind Power Marketing Report" indicates both the average size of wind 
turbines and the average size of wind farms has stopped growing as innovation slows. 

Clearly, by all the key measures, wind energy is a mature industry. Existing federal wind subsidies 
are set to expire at the end of2012 and should be allowed to do so. 

David T. Stevenson 
Director, Center for Energy Competitiveness 
Caesar Rodney Institute 
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I Renewable energy on the Pacific Northwest's electricity grid has 
increased substantially over the years, and this is leading to a 

I number of problems. For the Pacific Northwest, renewable 
energy expansion truly means wind energy expansion because it 
is the closest to being market-competitive of all renewable 

I energy sources. Wind power, like hydroelectric power, is clean 
. (i.e., carbon-free in its production), and this remains a large part 
of policyinakers' attraction to wind. Unfortunately, the negative 
aspects of wind power are apparent, yet often overlooked. Ever-

I increasing wind generation will have a significant impact on the 
reliability and affordability of electricity in the Pacific Northwest 
that very well might outweigh any of the claimed environmental I benefits. 

The Bonneville Power Administration (BPA), the Pacific 

I 
Northwest's federal power marketing authority, is charged with 
integrating the large influx of wind power into the electricity 
grid. In 1998, BPA's wind generation was roughly 25 megawatts 
(MW). Today, it totals 2,780 MW. With the 20071 Oregon 

I Renewable Portfolio Standards (RPS), which forces utilities to 
provide a certain percentage of politically preferred renewable 
energy2, over 6,000 MW of wind power is expected to be on-line 

I 
by 20133

• In the last few years, BPA has integrated over 19 wind 
farms (comprising well over 1,000 individual turbines) alongside 
5 new substations and 6 tap-lines to connect these new sources of 
power generation with the rest of the electricity grid4

• Currently, 

I BPAhas one of the highest ratiosofwind power to overall load of 
any federal power marketing authority in the United States. By 
the end of201O, the percentage of wind power in overall energy 

I generation will be approaching an amazingly high 30%. This 
high proportion of wind power might seem to be a successful 
outcome of renewable energy mandates, but it is necessary to 

I 
understand that mandating increased wind generation has 
negative economic consequences for Pacific Northwest 
ratepayers while at the same time potentially negating any 
environmental benefits. 

I 
Integration Problem 

I Obviously, wind is unpredictable and inconsistent, creating a 
significant problem for BPA and electric utilities. The electricity 
grid must remain in perfect supply-and-demand equilibrium in I order to guarantee that when a ratepayer flips a switch, a light 
turns on. To prevent brownouts or overloads on the grid, BPA 
must schedule energy production in advance. However, the 

I ability to predict when and how hard the wind will blow is 
extremely limited (usually a two- or three-day window) and often 
inaccurate. These problems are exacerbated by the fact that BPA 

I 
has to have a backup system, known as a balancing reserve 
capacity, equal to or greater than the wind power capacity utilized 
at any given time. Because wind power is so unpredictable, every 
MW of wind power must be backed up by an equal amount of 

I reliable energy in reserve to replace the energy lost when the 
wind dies down. Otherwise, the grid becomes unreliable and 
service is interrupted. In Oregon and the rest of the Pacific 

I Northwest, hydroelectric dams currently serve as the balancing 
reserve. This means hydroelectric dams are turned on and off in 
order to respond to fluctuations in wind generation. 

The integration of wind power and the capacity of the balancing 
reserve will become a more significant problem in the near 
future. As total wind power capacity edges closer to 6,000 
megawatts, the current balancing reserve will have greatly 
exceeded its limit. According to BPA, the current capacity of 
hydroelectricity to serve as a balancing reserve is 3,000-3,500 
MW of installed wind generationS. This means dams can "back
up" only roughly half of the proposed total capacity of wind 
generation. Thus, in the future BPA will be forced to look at other 
options to establish a satisfactory balancing reserve. This is 
especially true because of increased energy demand associated 
with a steadily increasing popUlation. The argument that wind 
power can help to meet future energy demand is erroneous, since 
wind energy does not add capacity to the grid. Wind power 
merely trades off with existing sources of production, which 
functionally means shutting down hydroelectric dams and 
building additional back-up generation facilities (essentially 
building two power plants for the energy of one). 
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Some efforts to rectify the integration problem include a study to 
evaluate the feasibility of dynamic scheduling, which means 
breaking down the periods of time wind generation is scheduled 
(e.g., from hour-to-hour to 30-minute increments). Additionally, 
BPA is analyzing better ways to forecast wind speed and is 
researching storage technologies (such as compressed air or 
flywheel technology). Such advances are generally far off, or 
would fail to address the problem completely. Therefore, BPA 
eventually will be forced either to buy additional dispatchable 
generation capacity from third-party suppliers or to build 

. additional back-up capacity. This leads to additional costs for 
BPA, the utilities which purchase power from BPA, and 
ultimately Oregon ratepayers. 

If additional power is needed, BPA must purchase energy from 
regional utilities over market hubs. Currently, market 
transactions over the Western Interconnection occur once an 
hour, leaving grid operators to fend for themselves when it comes 
to changes in overall load within each hour67

• While sub-hourly 
market transactions and improved wind-forecasting could help 
to reduce the cost and difficulty of integrating wind power, 
other problems still need to be addressed. 
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I The sources of additional backup energy are a critical issue. 
According to Portland General Electric, the largest investor-

I owned utility in Oregon, its 2009 resource mix was comprised of 
24% coal, 27% natural gas, 26% hydroelectric, 19% purchased 
on the open market and 4% wind powei. The amount of energy 

I derived from hydroelectricity is likely to decline as statewide 
efforts to close down various dams move forward and negative 
public sentiment towards building new dams continues. To 
compensate, utilities and BPA will be forced to build an 

I increasing number of natural gas plants. After hydroelectricity, 
natural gas plants often serve as the backup reserve for wind 
power, mainly because they can be ramped up or ramped down 

I fairly easily to meet supply fluctuations. This is already 
occurring, as PGE has begun the pennitting process for a natural
gas fired plant in Boardman, Oregon; and plans for a second 
natural gas plant in 2015 are underway. These plants will I become even more necessary as the ability to use hydroelectric 
dams as backup is strained and wind generation capacity keeps 
expanding due to legislative mandates. 

I 
I 
I 
I 
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I PGE understands that renewable energy increases costs for 
ratepayers. PGE has stated that their plan to build more wind 
farms is likely to add more than half a billion dollars to its capital 
expense tab by 2015. These costs would be passed down directly 

I to ratepayers and could necessitate the construction of even more 
natural-gas facilities to back up additional wind power sources. 

I Further, natural gas facilities produce greenhouse gas emissions, 
which at least partly negate the purpose of the renewable 
portfolio standards. When asked if wind power was reducing 

I 
carbon emissions, Deb Malin, a BPA representative, answered, 
"No. They are, in fact, creating emissions."w The reason is that 
natural gas power plants used to back up wind farms must be kept 
on-line at all times. Because of the difficulty in shutting down 

I and starting up fossil fuel power plants, these plants must be kept 
running so when wind power dies down, the electricity can be 
replaced quickly by a reliable energy source. This is known as 

I 
"spinning reserve," a process that resembles the operation of an 
automobile idling. While a natural gas facility may not be 
generating any actual electricity while in spinning reserve, it is 
consuming fuel and emitting greenhouse gases ll. In addition, a 

I spinning reserve (such as an open-cycle gas-frred power plant 
that has to be idled up and down) witnesses a dramatic decrease in 

efficiency. While specific figures are difficult to determine, a 
decrease in natural gas plant efficiency to 45% or below will 
offset all emissions savings in the production of power from wind 
sources. Such a facility, reacting to the changing output of wind 
power, can see its efficiency drop to between 35-50 percene2

• 

This means that throttling the power of a natural gas facility up 
and down in response to wind generation has a significant effect 
on the plant's efficiency. Thus, many of the environmental claims 
of wind power with regard to greenhouse gas emissions may be 
negated due to the need for backup reserves to compensate for the 
intermittency of wind. 

Integration Costs 

How much will reliability and integration problems associated 
with wind power cost Pacific Northwest ratepayers? The answer 
may surprise the average ratepayer. 

In 2009, BPA requested that the Oregon Public Utility 
Commission (OPUC) allow an electricity rate increase to reflect 
the costs of integrating wind. BPA proposed an increase of$2.79 
per kilowatt-month, and the OPUC set the fmal rate increase at 
$1.2913

• According to BPA, the associated costs of the $1.29 rate 
increase broke down as follows: $0.05 for regulatory expenses, 
$0.26 for load following (e.g., wind forecasting) and $0.98 to 
correct imbalances (e.g., balancing reserves such as natural gas 
or hydro). Thepreviousrateof$0.68perKwM,accordingtoBPA 
representative Sarah Bermejo, did not reflect the costs associated 
with imbalances in wind production. She noted that BPA is 
forced to purchase additional power from outside utilities to 
cover shortfallsl4

• The new rate represents a doubling of wind 
integration costs, and this rate will continue to increase as more 
wind energy is added to the grid. These additional costs are 
eventually passed on to Oregon ratepayers. 

In addition, President and CEO of Portland General Electric 
(pGE) Jim Piro sent an e-mail to ratepayers on February 16,2010 
explaining the utility's plans to request a rate increase which 
would have to be approved by the Oregon Public Utilities 
Commission. The rate increase proposed for 2011-2013 will 
raise the average household electricity bill $6.70 per month. 
According to Piro, these costs can be associated largely with state 
renewable energy mandates, such as fmishing phase III of the 
Biglow Canyon Wind Farm15

• 
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l In fact, PGE ratepayers already see increased costs on their 
monthly bill. A "Renewable Resource Adjustment" was added to 
ratepayers' bills in January 2010. Ratepayers can find such 

I 
adjustments on the back of their monthly bill. According to a 
PGE representative, this charge is due to legislative mandates to 
develop and implement more renewable resources. They plan to 
update this charge every year by April 1 to respond to projected 

1 changes for the year, and it does not seem likely that this 
adjustment will be going away anytime soon. Despite the 
existence of a voluntary program to pay for the above-market 

1 
costs of renewable energy, PGE now charges its customers a 
higher rate for the added renewable energy on the grid by 
charging 0.22 cents per kWh, or approximately $2.13 extra per 
month, for an average household1617 

1819. 

1 Likewise, Pacific Power customers most likely will see a 
significant increase in their electricity rates, starting January 

12011 20
• The second-largest investor-owned utility in Oregon filed 

a 20% rate increase with the OPUC. 13% of the rate increase is 
designed to cover costs associated with two new transmission 
lines and fmalized construction of two new wind farms in 

1 Wyoming. 7% of the increase is to cover "the expiration oflong
term contracts for low-priced hydropower, the expiration of a 
fixed-price gas contract, and costs associated with integrating 

1 intermittent wind power,,2l. So not only will consumers have to 
pay more money to build additional wind farms (mandated by 
RPS) but also to integrate the intermittent production of these 

1 
wind power facilities. According to the article, a monthly bill of 
$80.96 in 2011 will increase to $96.78. This increase is "a 
whopper," said Bob Jenks, executive director of Citizens Utility 
Board of Oregon, a ratepayer advocacy group. "In the economy 

1 we're in today, where many of their [Pacific Power's] customers 
are struggling to pay their bills, this is going to be really difficult 
for folks." 

I 
I 
·1 
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Voluntary Choice Versus Mandates 

As mentioned above, one of the main reasons why wind energy 
has expanded so quickly in Oregon is because the Oregon 
Legislature passed renewable energy mandates in 2007. These 
mandates force utilities, and ultimately ratepayers, to purchase a 
certain percentage of renewable power by a certain year. The 
main goal is to have 25% new renewable energy on the grid by 
2025. This effectively creates artificial demand, and wind power 
developers must build wind farms to meet this demand. 
Additionally, subsidies for production, as well as lucrative state 
tax-incentives, create multiple levels of artificial support for 
wind power. 

Interestingly enough, Oregon already has a 100% voluntary 
system to allow ratepayers to purchase renewable energy if they 
wish to do so. Green power programs available through all the 
major utilities give ratepayers the option of paying the above
market costs associated with renewable energy. PGE boasted the 
highest participation rates in the nation during the past few years 
at a rate of approximately 9%. 

Renewable energy does cost more than traditional energy 
sources, and a green power program is the voluntary way to 
increase renewable energy for those who can afford and value 
wind farms. Ideally, the supply of renewable energy should equal 
the amount that can be afforded by green power program 
payments. But mandates forcing all ratepayers to buy renewable 
energy creates artificial demand, causing a surge in wind farms 
popping up across Oregon and an increase in electricity costs. 

Forcing Oregonians to purchase an energy source with so many 
associated costs is unwise. At best, wind power simply replaces a 
clean, reliable and affordable source of energy: hydroelectricity. I At worst, it invites increased price volatility, increased rates and 

Furthermore, the construction of new natural gas facilities to the prospect of more greenhouse gas-emitting facilities. 
serve as a backup for additional wind sources affects rates. Ultimately, mandating increased wind generation leads to 

I Natural gas is subject to price volatility, similar to buying fmancial burdens on businesses and individuals across the state 
gasoline at the pump. Uncertainty in production and delivery that ought to be considered carefully. Legislators should not 
lead to significant fluctuations in natural gas costs and ultimately attempt to choose "winners" in emerging energy technologies, 

I 
in electricity rates. Thus, not only are electricity rates increasing nor should they force costly energy sources upon ratepayers. 
because of additional wind generation, but the subsequent Instead, utilities should allow ratepayers to pay the full cost 
entrenchment of natural gas reliance further exacerbates the of renewable energy voluntarily and to expand renewable 
problem by introducing volatility. energy according to consumer demand22. 
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ANALYSIS OF UK WIND POWER GENERATION 
NOVEMBER 2008 TO DECEMBER 2010 

EXECUTIVESU~RY 

PRINCIPAL FINDINGS 
in respect of analysis of electricity generation from aU the U.K. 

windfarms which are metered by National Grid, 
November 2008 to December 2010 

The following five statements are common assertions made by both the wind 
industry and Government representatives and agencies. This Report examines 
those assertions. 

1. "Wind turbines will generate on average 30% of their rated capacity over a year." 

2. "The wind is always blowing somewhere." 

3. "Periods of widespread low wind are infrequent." 

4. "The probability of very low wind output coinciding with peak electricity demand is slight." 

5. "Pumped storage hydro can fill the generation gap during prolonged low wind periods." 

This analysis uses publicly available data for a 26 month period between November 
2008 and December 2010 and the facts in respect of the above assertions are: 

1. Average output from wind was 27.18% of metered capacity in 2009, 21.14% in 2010, and 24.08% 
between November 2008 and December 2010 inclusive. 

2. There were 124 separate occasions from November 2008 till December 2010 when total generation 
from the windfarms metered by National Grid was less than 20MW. (Average capacity over the 
period was in excess of 1600MW). 

3. The average frequency and duration ofa low wind event of20MW or less between November 
2008 and December 2010 was once every 6.38 days for a period of 4.93 hours. 

4. At each of the four highest peak demands of20lOwind output was low being respectively 4.72%, 
5.51 %, 2.59% and 2.51 % of capacity at peak demand. 

5. The entire pumped storage hydro capacity in the UK can provide up to 2788MW for only 5 hours 
then it drops to 1060MW, and finally runs out of water after 22 hours. 

Page 1 of15 
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ANALYSIS OF UK WIND POWER GENERATION 
NOVEMBER 2008 TO DECEMBER 2010 

OTHER FINDINGS 
have emerged in the course of this analysis in addition to the Principal Findings which 
related to the testing of five common assertions. These Other Findings are listed below. 

1. During the study period, wind generation was: 

• below 20% ofcapa:~itYrt,:()t({th~fi: haiftiic 'tifu~;1 
.- --. 

• below 10% of capacity overonethirdonhe time. 

• below 2.5% capacity for the equivalent of one day in twelve. 

• below 1.25% capaci1:y for the equivalent of just under one day a month. 

The discovery that for one third of the time wind output was less than 10% of capacity, and 
often significantly less than 10%, was an unexpected result of the analysis. 

2. Among the 124 days on which generation fell below 20MW were 51 days when generation was 
10MW or less. In some ways this is an unimportant statistic because with 20MW or less output 
the contribution from wind is effectively zero, and a few MW less is neither here nor there. But 
the very existence of these events and their frequency - on average almost once every 15 days 
for a period of 4.35 hours - indicates that a major reassessment of the capacity credit of wind 
power is required. 

3. Very low wind events are not confined to periods of high pressure in winter. They can occur at 
any time ofthe year. 

4. The incidence of high wind and low demand can occur at any time of year. As connected wind 
capacity increases there will come a point when no more thermal plant can be constrained off to 
accommodate wind power. In the illustrated 30GW connected wind capacity model with 
"must-run" thermal generation assumed to be 10GW, this scenario occurs 78 times, or 3 times a 
month on average. This indicates the requirement for a major reassessment of how much wind 
capacity can be tolerated by the Grid. 

5. The frequency of changes in output of 100MW or more over a five minute period was 
surprising. There is more work to be done to determine a pattern, but during March 2011, 
immediately prior to publication of this report, there were six instances of a five minute rise in 
output in excess of 100MW, the highest being 166MW, and five instances ofa five minute drop 
in output in excess of lOOMW, the highest being 148MW. This indicates the requirement for a 
re-assessment of the potential for increased wind capacity to simulate the instantaneous loss (or 
gain) of a large thermal plant. 

Page 2 of15 
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ANALYSIS OF UK WIND POWER GENERATION 
NOVEMBER 2008 TO DECEMBER 2010 

6. The volatility of wind was underlined in the closing days of March 2011 as this Report was 
being finalised. 

• At 3.00am on Monday 28th March, the entire output from 3226MW capacity was 9MW. 

• At 11.40am on Thursday 31 st March, wind output was 2618MW, the highest recorded to 
date. 

• The average output from wind in March 2011 was 22.04%. 

• Output from wind in March 2011 was 10% of capacity or less for 30.78% of the time. 

The nature of wind output has been obscured by reliance on "average output" figures. Analysis 
of hard data from National Grid shows that wind behaves in a quite different manner from that 
suggested by study of average output derived from the Renewable Obligation Certificates 
(ROCs) record, or from wind speed records which in themselves are averaged. 

It is clear from this analysis that wind cannot be relied upon to provide any significant level of 
generation at any defined time in the future. There is an urgent need to re-evaluate the 
implications of reliance on wind for any significant proportion of our energy requirement. 

Page 3 of15 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Attachment 8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

WIND ENERGY IS NOT THE ANSWER 

by Bradley S. Tupii 

Abstract. 

Wind energy is not the answer to climate change concerns and cannot do the heavy lifting required by the 
modem American economy. It would take hundreds of thousands of wind turbines to make a substantial 
contribution to America's energy needs. Building so many turbines inevitably causes conflicts with 
human and animal habitats. Wind turbine noise is a serious problem for those who live in the vicinity of 
so-called wind farms. 

* * * 

Introduction. 

Wind energy is not a modem phenomenon. Man harnessed the wind with sailboats and windmills 
hundreds of years ago. Charles Brush developed a wind-powered electric generator in 1888.2 Small, 
wind-powered generators such as the Jacobs Wind-Electric Machine became popular in the Midwest in 
the early 20th Century? These windmills became obsolete when Depression-era programs brought more 
reliable electric power to rural areas.4 

Wind energy began a slow resurgence during the Carter administration when the Public Utility 
Regulatory Policies Act of 19785 fostered state tax incentives for wind power development and allowed 
non-utility energy producers to sell electricity to utilities.6 

Currently, wind power is hailed by some as a key weapon in the battle against global warming and as an . 
important contributor to American energy independence. This paper will argue that wind energy is 
neither. Wind power cannot generate enough reliable electricity to replace conventional energy sources, 
including those that generate greenhouse gases. Assuming for the sake of argument that carbon dioxide is 
contributing to global climate change, wind power will not materially reduce C02 emissions. 

1. Wind Energy Is Unreliable and Intermittent. 

A coal-fired power plant will generate electricity 24/7/365. A nuclear generating station will run for two 
years without interruption. Even a hydroelectric plant will put out consistent, uninterrupted energy unless 
the flow of water stops. As a result, whenever we want to tum on a light, cool off a room or boot up a 
computer, electric power is at our fingertips. 

Wind power is not like that. Wind is an unreliable source of energy for the obvious reason that the wind 
does not always blow. Sometimes it does not blow at all. Sometimes it blows at a speed too low to turn 
the blades of a wind turbine. And sometimes it blows too fast. High wind velocities can damage wind 
turbines, so turbines are set to shut off at wind speeds over 56 miles per hour.7 The operational wind 
speed range of a wind turbine is between 7 mph (the "cut-in speed") and 56 mph (the "shut-down limit"). 
Within this operational range, small variations in wind speed have large effects on electricity output. 8 

This is because a doubling of wind speed yields eight times the energy.9 So even when the wind is 
blowing within the turbine's operational range, the power output is unpredictable. 
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Wind velocity often changes dramatically from hour to hour or from night to morning. As a result, wind 
power output can swing wildly over the course of a single day.l0 From month to month the swings can be 
striking, too. In Spain, on Aug. 27, 2009, wind supplied less than 1 % of the country's electric power. On 
the morning of Nov. 8,2009, wind power peaked, briefly providing 53.7% of the country's electricity.ll 

Another problem of wind power has to do with matching power production with consumer demand. High 
winds after dark do not satisfY the electricity demands of a hot, SUltry afternoon. Wind performs worst 
during the summer months, when power demand peaks.12 According to the Electric Reliability Council of 
Texas, wind turbines only deliver 8.7% of capacity during peak summer hours. 13 

Similarly, the windiest places do not match the places with highest energy demand. In the United States, 
the states with the best wind resources are in the Midwest and WestY The states with the highest 
electricity demand are in the East.1s Because we cannot generate electricity in North Dakota, put it in a 
box, and ship it to Manhattan, it is difficult to match wind energy supply with demand. 

We need energy to be available on demand. Because it is intermittent, wind energy cannot meet this basic 
requirement. 

2. Wind Turbines Are Weak Generators of Electric Power. 

When wind energy companies promote their output, they do so in misleading ways. They use "nameplate 
capacity" figures instead of actual energy output, which will be only a fraction of the turbine's nameplate 
rating. 16 For example, General Electric is offering a wind turbine "rated" at 2.5 megawatts (MW) 
capacity.17 Actual output, however, is reduced by the intermittency of wind itself. So the actual 
electricity output of a wind energy facility may only be 20% ofthe advertised capacity. IS 

Another way to look at wind energy's paltry output is to compare wind energy facilities to conventional 
power plants. A typical coal-fired power plant will deliver approximately 2,000 MW. A wind energy 
facility would need 800 2.5 MW turbines operating at full capacity to deliver a comparable amount of 
power. At a more likely 30% rate of production, more than 2,600 turbines would be required. 
Pennsylvania's summer electricity-generating capacity as of 2008 was 45,130 MW.19 It would take more 
than 60,000 turbines at 30% production to generate this much electricity. It would take hundreds of 
thousands of wind turbines to make a substantial contribution to America's energy needs. 

3. Wind Energy and the Grid. 

Despite the unreliability of wind as an energy source, many governments around the world are mandating 
the inclusion of wind power in the energy portfolio. For example, the U.S. Department of Energy has 
proposed that 20% of American energy be derived from wind power by 2030.20 In Pennsylvania, the 
Alternative Energy Portfolio Standards Act of 2004 requires utilities to supply 18% of their electricity 
from alternative energy resources by 2021.21 If wind energy is forced upon us in such large proportions, 
there will be serious technical problems in the reliable transmission of electricity. One problem has to do 
with storage and transmission of wind-generated electricity. Another has to do with the instability of the 
electricity grid that intermittent wind energy will cause. 

Electricity generated by wind turbines must be either used or fed into the grid. Economical technology to 
store the energy does not yet exist.22 So when wind energy facilities are built in areas remote from 
electricity demand, new transmission facilities are needed. Such facilities are expensive (thousands of 

LIT:484620-1 © 2010 Bradley S. Tupi 
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miles of 400-feet-wide rights-of-way) and contentious (pitting region against region)?3 The lack of 
transmission capacity was one of the reasons T. Boone Pickens drastically reduced his wind farm plans. 
One report has recommended building 22,697 miles of transmission lines at a cost of $93 billion?4 

Once connected to the electricity grid, wind energy can create instability. This is not much of a problem 
at present, because wind power constitutes less than 2% of electricity generation. But if unreliable wind 
power were to make up, say, 5% of the grid, a sudden drop in wind energy production could require 
emergency measures to avoid a brownout or blackout. 25 On March 1, 2005, the Spanish grid interrupted 
power to 300 heavy electricity users when a loss of wind resulted in 11,000 turbines generating only 700 
MW of electricity.26 On Feb. 26,2008, wind energy output in Texas fell from 2,000 MW to 360 MW 
over the course of an afternoon. At the same time, demand was peaking. The Texas grid operator had to 
cut power to industrial customers.27 

Europe experienced its largest blackout on Nov. 4, 2006. Wind power did not cause the failure, but 
increased its severity and inhibited recovery.28 The grid agency issued a report after the blackout that 
found: 

The increasing share of wind power and the regional concentration in certain areas might 
lead to grid situations with sudden capacity losses of more than 3,000 MW which could 
be followed by large-scale blackouts.29 

Large swings in wind power "can create significant imbalances between generation and load, resulting in 
grid instabilities.,,30 This problem will only increase as wind energy gains market share. The only way to 
remedy this instability is to have power sources available that can compensate quickly for unpredictable 
changes in wind energy supply. Wind power must have a backup that can be turned on upon short 

• 31 notice. 

4. Wind Energy Facilities Require Conventional Backup. 

One of the arguments wind power advocates use, often implicitly, is that a megawatt of clean wind 
electricity can replace a megawatt of electricity derived from dirty fossil fuels. This argument is false 
because wind energy facilities require backup for those times when wind speed is unsatisfactory for 
generation. As a result, wind energy can only supplement, not replace, conventional sources of 
electricity. "No coal or nuclear power plant has ever been replaced by wind energy.,,32 

Because wind energy is intermittent, and because intermittent supplies can de-stabilize the power grid, 
every wind energy facility requires a redundant backup with conventional power.33 This redundancy adds 
unnecessary costs. If we need conventional power plants as backup anyway, why build expensive wind 
turbines? 

This redundancy also negates another argument that wind advocates use, that wind energy will reduce 
C02 emissions. Unless wind power supporters suddenly embrace nuclear power, the necessary backup 
power stations will burn fossil fuels and emit C02. 

Although carbon credit schemes often assign profitable carbon credits to wind farm 
operators based on a theoretical displacement of carbon emitted by coal or natural gas 
producers, in reality these plants must keep burning to be able to quickly add supply 
every time the wind drops off. The formulae do not take into account carbon emitted by 

LlT:484620-1 © 2010 Bradley S. Tupi 
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idling coal and natural gas plants nor the excess carbon generated by constant fire-up and 
shut down cycles necessitated to balance fluctuating wind supplies.34 

Indeed, using fossil fuel powered generating stations as backup for wind power may increase the C02 
emissions of such plants because when they operate below their peak generation capability, they do not 
use their fuel efficiently. This increases emissions.35 Power plants in stand-by mode cannot sell 
electricity and so cannot recover their costS.36 

The United Kingdom is embarking upon an expensive ($150 billion) wind energy program to meet EU 
and self-imposed C02 emissions targets. The UK could make greater C02 reductions at a fraction of the 
cost by switching coal-fired power plants to natural gas. Instead, Britain is pursuing offshore wind. An 
Oxford University energy professor called offshore wind "one of the most expensive short-term ways you 
can conceive ofto reduce C02 emissions.,,37 

If wind power reduces C02 emissions at all, the benefit is dwarfed by China's growth in C02 emissions. 
China has surpassed the U.S. as the world's leading C02 emitter, largely because China has been 
commissioning new coal-fired power plants at a rapid pace. Unilateral C02 reductions will not reduce 
global emissions. China must be happy to see the United States worrying about global warming while it 
builds its own manufacturing sector. Among other things, China manufactures wind turbines. 38 

5. Wind Energy Is Expensive. 

Wind energy facilities are high cost and low power. To achieve percentage targets being mandated by 
governments will necessitate a huge investment. Unlike the oil industry, where John Rockefeller built his 
own energy empire, wind energy infrastructure will only be built with large infusions of taxpayer money. 
The question is whether taxpayer money is wisely spent on an energy resource that costs more than 
conventional energy sources while delivering much less electricity. 

Wind-generated electricity costs substantially more per unit of energy than electricity generated by coal or 
natural gas. Figure 1 (below) shows that onshore wind energy costs about $801MWh ($0.08lkWh) before 
government subsidies, while coal and gas cost only about $601MWh ($0.06lkWh).39 

Other research sources indicate an even greater cost disparity. In Ontario, where 40% of electricity comes 
from nuclear plants, the market price of a kilowatt hour is about 3 to 6 cents, while wind-generated 
electricity costs 10 to 13.5 cents.40 

In the United Kingdom, government figures estimate the cost of electricity generation at £381MWh for 
nuclear power, £501MWh for coal, £72IMWh for on-shore wind and £921MWh for off-shore wind.41 

In Massachusetts, the off-shore Cape Wind project recently won federal approval over local opposition 
from the Kennedy family and others. Cape Wind is demanding 20.7 cents per kilowatt hour for its 
electricity, whereas the prevailing local rate is only about 9 cents.42 Massachusetts Attorney General 
Martha Coakley, concerned about the financial impact on electricity consumers, is demanding 
information from Cape Wind about its costs and profits.43 

It is well-established that wind power costs more to generate than ' conventional power. A free market 
would therefore reject wind. Wind energy exists only because of massive government subsidies and 
imperious mandates. 

LIT:484620-1 © 2010 Bradley S. Tupi 
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6. Government Forces Taxpayers and Consumers to Pay for Wind Energy. 

The business plan of the wind energy industry depends on government support. Wind energy facilities 
cannot compete economically with conventional energy sources on a level playing field. They require 
various forms of financial assistance. With hefty government subsidies, wind facilities can offer a 
handsome return on investment. "Without [such subsidies], they wouldn't work," said the CEO of a 
Danish wind company.44 To be fair, fossil fuels have also received tax incentives and other such support. 
But wind energy enjoys larger subsidies per unit of energy delivered, covering larger shares of wind 
companies'investments. Of the $145 billion invested in "clean" energy in 2009, approximately one-third 
was from government subsidies and price supportS.45 Wind's federal taxpayer subsidies are 25 times 
greater per megawatt hour than those awarded all other forms of electricity production combined.46 

The history of wind energy in California shows how the industry lives and dies with government support. 
After Congress enacted the Public Utility Regulatory Policies Act of 197847, California created wind 
energy contracts guaranteeing prices to wind energy suppliers. The price formula was based on fuel 
prices, which were high and assumedly going higher. Before long, wind turbines were built at Altamont 
Pass, Tehachapi and San Gorgonio. In the early 1980s, government subsidies covered up to 50% of the 
cost of a wind turbine. But when oil and gas prices dropped in the mid-1980s, the price guarantee 
formula was no longer sufficient to entice investment. Wind energy companies went bankrupt, and their 
abandoned wind turbines littered the landscape.48 

In 1992 Congress enacted another energy bill, the Energy Policy Act. 49 The Act favored renewable 
energy by creating mandates, incentives, and tax credits. The Act gave wind energy producers access to 
the utility grid. It established "Renewable Portfolio Standards" that compelled utilities to purchase wind 
power. It created "Renewable Energy Certificates" that could be bought and sold. It granted production 
tax credits and allowed accelerated depreciation of 40% per year. 50 Since the Act became effective in 
1997, "generations of wind energy companies have soared and crashed as government tax incentives, the 
industry's financial fuel, fluctuated with political currents.,,51 

Over the last decade, wind energy installations have blossomed with incentives and have shriveled 
without them. See Figure 2.52 

The production tax credit is worth about 2 cents per kWh. The net effect is to reduce the cost of wind
generated electricity from about 9 cents per kWh to about 7 cents, making it competitive with 
conventional power sources. 53 Thus. do taxpayers subsidize wind farms to compete with existing power 
plants. 

"Renewable Electricity Standards" guarantee profits to wind companies by forcing electric utilities to 
purchase specified percentages of electricity from approved "green" sources.54 The American Wind 
Energy Association is calling for a Renewable Energy Standard of 25% by 2025.55 Such a standard 
would mandate that electric utilities purchase 25% of their power from wind facilities by 2025, even 
though wind energy is much more expensive than electricity generated from fossil fuels or nuclear 
reactors. The utilities pass the extra cost along to their customers. Thus do electricity consumers pay for 
the high cost of wind energy. 

Wind energy companies also receive outright grants from federal and state coffers. The 2009 stimulus 
program provided for over $2.2 billion dollars in cash grants toward the costs of constructing new wind 
energy proj ects. The developer can recover up to 30% of the cost of a new facility. 56 

LIT:484620-1 © 2010 Bradley S. Tupi 
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7. Wind Energy Facilities Have Negative Environmental Impacts. 

It may not be appropriate to refer to wind energy as "green." Wind energy facilities have negative 
environmental impacts which, unlike global warming, are beyond dispute. 

a. Wind Energy Facilities Cause "Energy Sprawl." 

Due to the laws of physics, wind energy facilities require huge swaths of land. The longer the rotor 
blades, the greater the amount of wind energy generated. But as rotor blades lengthen, the turbines must 
be spaced farther apart, so the wake behind one turbine will not disrupt the airstream feeding another 
turbine. As a result, turbines should be spaced ten rotor diameters apart.57 The General Electric (GE 
Power) 2.5 MW turbine model58 has a rotor diameter of 300 feet, so its turbines should be spaced 3,000 
feet apart. Such spacing requires a sprawling land grab. 

A wind energy facility consumes more than seven times as much land as a coal-fired power plant 
generating the same amount of ener~.59 A nuclear power plant generates 300 horsepower per acre of 
land; a wind facility only 6.4 hp/acre.6 

The proposed Shaffer Mountain Wind facility in Pennsylvania is projected to build 30 wind turbines, total 
capacity 60 MW, and occupy 176 acres. The nearby Homer City Power Plant generates 1,884 MW while 
occupying 2,400 acres.61 At a rate of 176 acres per 60 MW, the Shaffer Mountain facility would have to 
occupy 5,471 acres to provide an output equivalent to Homer City's. But the 176 acres occupied by the 
wind turbines is only part of the story. The Shaffer Mountain wind facility has leased over 10,000 acres 
altogether, due to setback and siting requirements.62 At this rate of land consumption, Shaffer Mountain 
would have to lease 314,000 acres (490 square miles) ofland to generate the output of the Homer City 
coal-frred power plant. This is almost half the size of Rhode Island. 

The Comanche Peak Nuclear Power Plant outside Dallas generates about 2,300 megawatts of power and 
occupies approximately 8,000 acres. The Pampa Wind Project promoted by T. Boone Pickens would 
have provided a comparable amount of power but would have occupied 400,000 acres.63 

Needless to say, wind energy facilities occupying such vast areas have a major impact on both human and 
animal habitat. 

b. Wind Energy Facilities Damage Natural Habitats. 

At least in Pennsylvania, wind energy companies seek ridge-top sites where winds are strongest. Wind 
farms strip large areas of trees and cut miles of service roads through virgin forests. The kind of site 
clearing necessary to construct an industrial scale wind facility results in pennanent habitat alteration for 
the lifetime of the facility. Fonnerly forested areas are maintained as open space for construction, site 
operation, and long tenn maintenance. Existing roads are widened (or new ones are constructed) to 
accommodate the transport of giant turbine parts and other materials to and from the individual turbine 
sites. The end results include immediate and long-lasting loss of forest habitat and wide gaps in the forest 
canopy along miles of ridge-top, called "habitat fragmentation." Forest interior birds are immediately 
displaced from historic breeding/nesting sites. Interior forest birds living in the adjacent forest are subject 
to increased rates of nest predation and parasitism, which can extend (from the edge of the clearing) at 
minimum 150 to over 300 meters into the surrounding forest. 64 

The large scale clearing associated with wind facilities can also result in the rapid establishment of 
invasive plant species that often out-compete native vegetation. Few of these invasive species have 
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ecological value for birds and other wildlife and so they only add to the general degradation of the site. 
Increased competition for diminished resources adds stress to local bird populations.65 

c. Wind Energy Facilities Kill Birds and Bats. 

Wind turbines are known to kill many birds and bats.66 The 1980s-vintage wind turbine facility in 
Altamont Pass, California, is notorious for killing thousands of birds annually.67 A 2008 study concluded 
that in two years, the Altamont wind turbines killed 8,247 birds.68 

Increasing the number of wind turbines across the country "could lead to massive bird losses and even 
extinctions," say some avian scientists.69 Some of the affected species are protected by the Endangered 
Species Act or other wildlife statutes. When 85 protected migratory birds were killed on ExxonMobil 
facilities in five western states, the company faced charges under the Migratory Bird Treaty Act. But the 
Altamont wind energy facility, which kills 80 protected golden eagles per year, has not faced any 
enforcement action.7o 

Bats are also susceptible to wind turbines. A study at a 44-turbine facility in West Virginia linked 4,000 
bat deaths in a single year to the facility.71 Last December, a federal judge halted a West Virginia wind 
turbine project because of the threl;lt to the Indiana Bat, an endangered species.72 Indiana Bats have been 
found on the site of the proposed Shaffer Mountain project in Pennsylvania, but so far the developer has 
not backed away from the location. 

d. Wind Energy Facilities Are a Nuisance To Nearby Residents. 

As more and more wind projects are proposed, it is inevitable that wind turbines will be sited closer and 
closer to homes. Because wind turbines generate noise, vibration and flicker, they are an undeniable 
nuisance to nearby residents. The author has represented several clients who cannot sleep comfortably in 
their own homes because of turbine noise. 

Although wind energy representatives downplay it, wind turbines make noise. A wind turbine blade, 
more than 100 feet long, turns at a tip speed of up to 150 mph, leaving turbulent air in its wake. This air 
turbulence is the source of much of the noise. In addition, when the blade passes the tower every one or 
two seconds, it creates a disturbing, pulsing sound.73 People living near wind turbines describe the sound 
as like a helicopter hovering overhead, or like a jet airplane that does not flyaway. The noise can be loud 
enough to wake a person from sleep. Some people living near wind turbines report anxiety, headaches, 
sleep deprivation and other symptoms.74 Dr. Nina Pierpont of Malone, New York, has published a book 
about the constellation of symptoms she calls "wind turbine syndrome.,,75 

Even if the noise does not cause health effects in a given individual, it still causes harm. Most wind 
energy facilities are built in sparsely-populated areas. People living in such areas do so precisely because 
of the tranquil, natural surroundings they find there. Wind turbine noise robs such folks of the peace and 
quiet that drew them to rural living in the first place.76 

Wind energy companies use two techniques to downplay turbine noise. First, they rely upon the 
background sound of wind blowing through the trees to mask much of the turbine noise. Second, wind 
turbine companies use a misleading sound measurement scale. Whereas noise is typically measured in 
decibels (dB), wind turbine companies use a noise scale called dBA, which understates the low frequency 
sounds. Yet low frequency sounds are the most disturbing, so using the dBA scale tends to understate the 
nUisance. 
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Wind turbines' low frequency vibrations can be tangible within private homes nearby. In one case, a 
woman holding a bottle of drinking water in her kitchen could feel the turbine vibrations in the bottle. 
Another resident said that the turbine vibrations made the electric baseboards within her home rattle and 
hum. 

Flicker is a shadow effect caused by blades spinning in the sunlight. As each blade cuts across the Sun's 
path, it briefly casts a shadow. This creates an annoying, strobe-like effect in nearby homes, forcing 
residents to close their drapes and blinds to block out the flicker (and the view). 

f. Wind Energy Facilities Cause Aesthetic Harm. 

The wind energy industry portrays wind turbines as graceful and attractive. There is ample evidence that 
the general public feels otherwise. The recently-approved Cape Wind project, located off the coast of 
Cape Cod, was opposed by the Kennedy family and other residents as "visual pollution" that would ruin 
the view near Martha's Vineyard.77 In North Carolina, the state senate passed a bill in 2009 that banned 
industrial-sized wind turbines on ridgelines above 3,000 feet, in order to protect the scenic beauty of the 
western part of the state.78 In California, thousands of 1980s-era wind turbines were abandoned: 
"Spinning, post-industrial junk which generates nothing but bird kills.,,79 

It is ironic that environmentalists, who typically treasure the ecology, have so casually dismissed the 
various forms of environmental harm caused by wind turbines. 

8. Wind Energy Facilities Cause Economic Harm. 

Wind energy creates economic harm in a multitude of ways. Locally, it diminishes the property values of 
nearby homes. Nationally, it distorts the economy by taking money from productive pursuits and 
devoting it to an inefficient and expensive source of electricity. 

"Green jobs" are often cited as a justification for government subsidization of the wind energy industry. 
But the European experience teaches that this strategy is counterproductive. Spain was a leader in 
government aid to renewable energy. An academic study published in Spain in 2009 showed that for 
every four jobs created by green jobs subsidies, nine other jobs were lost. The root cause was rising 
energy prices that made Spanish manufacturers uncompetitive and pushed jobs to other countries. Each 
new green job in the wind industry cost, on average, more than €1 million. The Spanish government's 
program destroyed 2.2 jobs for every green job created. Wind power eliminated 4.27 jobs for every 
megawatt installed. so The Spanish government is now conducting a wholesale review of its energy 
policy.sl 

Government subsidies for wind energy constitute a gross misallocation of public resources on an 
inefficient technology. The inevitable result will be higher energy prices without any measurable 
environmental benefit. Denmark, which leads the world in wind energy, has the world's highest 
electricity costs. Its consumption of coal has remained steady and its greenhouse gas emissions have 
increased. 82 

Pursuing a "green" energy strategy will cause America to lose competitive advantage in the global 
marketplace. While the United States has been moving towards high-cost, low-energy sources like wind, 
China is building coal-fired power plants and generating ample amounts of low-cost energy. China is 
only too happy to build wind turbines-not for its own use, but for the American market. 83 The Chinese 
do not believe in global warming. 
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Conclusion. 

Wind energy is inherently intermittent and so cannot provide a reliable source of electricity to the grid. 
As government compels us to increase our reliance upon wind power, wind's intermittent nature will 
destabilize the grid, resulting in outages. Another result of wind's intermittency is the need for backup, 
which negates any reduction in carbon dioxide emissions. Thus, wind energy fails to accomplish its 
primary mission, to reduce the threat of global climate change. 

Wind energy is much more expensive per unit of power generated than electricity derived from fossil 
fuels or nuclear reactors. The free enterprise system has no incentive to embrace wind energy because it 
is uneconomical. Industrial scale wind energy facilities are constructed only with government mandates 
and subsidies. Taxpayers and consumers bear the cost of wind energy. The European experiment with 
wind power shows that the government wind energy model is unsustainable. Both our environment and 
our economy would be better off if wind power were abandoned again, as in the 1930s. 

Investing money in wind energy is like buying expensive food that is low in calories. Every day you 
spend more money and lose more · weight. As time goes on you have less energy and less money. 
Eventually, you either end up in the hospital or the poorhouse. 
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FIGURES 

Figure 1: Relative costs of various sources of energy. 84 
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Figure 2: Wind energy installations depend on subsidies. 85 
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RE: Upgrade the Electric Grid with Clean Technology 

DATE: 4/21/11 

We can upgrade our electricity grid to improve efficiency and reliability at very low cost. A new 
book by John A. Moore and Toby Shute titled "The Hidden Cleantech Revolution" explains how. The 
authors present practical solutions and have developed a scale l to rate effectiveness of different approaches 
to solving our electricity problems. Most people have never heard of these technological breakthroughs. 
You may also be surprised that two technologies you hear about all the time are not very useful near term; 
Smart Meters and Energy Storage. 

The availability of electric power must always be balanced with demand as practical storage does not 
exist. During peak use times we can turn on expensive peaking plants or we can use Demand Response. 
There are successful voluntary plans like the Delaware Electric Coop's "Beat the Peak: Program" where 
customers turn off power during peak use periods saving as much as 20% on the annual cost of electricity. 
There are also load switches that can be added to appliances such as air conditioners that can be activated 
remotely to trim use. Participants receive a rate incentive to participate. Demand response is effective and 
low cost and rates 85 points. 

The grid is not 100% reliable and sometimes breaks down. Human action is needed to adjust the grid 
for these problems and these actions are not always fast enough or information is lacking. Electronic 
sensors with two way communication capability can be installed at critical locations on the grid such as 
transformers. The sensors are monitored by automated systems that respond quickly to real time 
information. Such a system could have prevented the 2003 Northeast blackout that cost an estimated $4.5 
Billion. The entire grid could be upgraded for the cost of one natural gas fired generating plant. 
Distribution Automation scores 81 points. 

A leading cause of power outages is falling tree limbs. Reducing these outages 50% could eliminate 
the need for two very large 1000 megawatt power plants. By combining Global Positioning Satellite data 
with Light Detection and Ranging data from helicopter observation of power lines it is possible to prioritize 
tree trimming and reduce outages. Smart Vegetation Management scores 72 points. 

Transmission lines sag depending on temperature and other factors. The more sag the less electricity 
can safely be moved through the lines. Because utilities have not been able to estimate sag accurately they 
leave a large margin of error. Now monitoring instruments exist to determine real time line sag allowing 
more power to be transmitted over existing power lines. Don't think this matters much? If every utility used 
this we could effectively increase our electric generating capacity by an estimated7% and avoid building 
$70 Billion in new power plants! That is why Dynamic Rating scores 68 points. 

An important outcome of using Smart Meters to determine electric use is the addition of time of use 
information to utilities. Use power in a peak time and it will be charged at a higher rate. Residential 
customers and small commercial users are unlikely to pay close attention to this so electric bills will go up. 
This is why Smart Meters only receive 8 points. 
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Gasoline stores 80 times the energy of a lithium ion battery. Low energy density in batteries has been 

the bane of electric cars for over 100 years. A battery with 100 times the storage capacity of today' s 
batteries would be a game changing breakthrough for electric cars and the electric grid allowing storage of 
energy from renewable sources. Unfortunately, the pace of improvement has been so low historically there 
is little chance Energy Storage will improve anytime soon so it only receives 6 points. 

David T. Stevenson 
Director, Center for Energy Competitiveness 
Caesar Rodney Institute 

Note 1: Points are awarded for making energy cleaner, safer, more reliable, and cheaper. The score is then 
rated based on whether the technology is proven and whether it can be implemented in the next decade. 
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RE: More Cleantech Energy Solutions You Have Never Heard About 

DATE: 4/21111 

We should be using America's incredibly large fossil fuel storehouse such as our 200 year supply of 
coal and 110 year supply of natural gas. However, we should also be using them more effectively with smart 
technology solutions. These solutions are well summarized in a recent book by John A. Moore and Toby 
Shute titled "The Hidden Cleantech Revolution". We can reach previously unavailable resources and do it 
cleaner, safer, more reliably and cheaper. 

Our biggest challenge right now is oiL Global proven reserves, the oil we can actually extract, will 
last for 42 years and the slightest supply disruption sends prices soaring. However, Only 8% of identified 
reserves have been used and there is more to find. As recently as the 1970's there was only a 20% chance of 
drilling a producing well. Advances in 3D seismic studies have improved the rate to between 80 and 90% 
and existing fields are turning out to be larger than thought. Forties, the largest North Sea oil field was 
recently found to contain 800 billion more barrels than originally thOUght. 

Recovering the oil from a mown field has also been limited. It is estimated only 30 to 35% of oil 
and gas are extracted from a field. New technology such as real time or 4D seismic profiling using down 
hole microphones and steerable wired drill bits combined with computer modeling of fields may boost 
recovery to 50%. Enhanced oil recovery techniques such as carbon dioxide injection, chemical flooding and 
steam flooding could boost recovery another 10%. If we also improve data flow and analysis further it is 
estimated we can increase U.S. proven reserves by 125 Billion barrels, enough to supply our needs for 
another fifty years at current usage rates. 

There are huge reserves of oil trapped in deep layers of oil sands. A new technique called steam 
assisted gravity drainage, or SAGD, is unlocking this oil with low environmental impact. Two wells are 
drilled to the oil sands. Horizontal wells drilled at different depths allow steam to be injected in the upper 
well with oil to be collected in the lower welL 

Oil is not the only fuel making gains. We have previously discussed natural gas frackingl. Higher 
pressure coal fired boilers are 35% more efficient than current boilers meaning the same amount of 
electricity can be produced with 35% less fuel. New modular designs for nuclear plants offer more safety, 
efficiency, faster construction times, and lower cost in a wide variety of sizes. Increasing efficiency at 
existing nuclear power plants provided over three times the power of all non-hydro renewable energy 
sources since 1990. 

David T. Stevenson 
Director, Center for Energy Competitiveness 
Caesar Rodney Institute 

Note 1: Natural Gas Fired Power Plants Key to Job Creation and Clean Energy 


