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7. The Commission's designation of standardized high, medium and low per
metric ton-costs for atomospheric carbon emissions does naot create a presumption of
reasenableness for any of these standardized costs levels and does not preciude any
utitity or any participant from propesing any other cost par metric ton figure or any other
alternative approach for deafing with such emissicns in the IRP process.

| 8 S UED at Sania Fe, New Mexico, this 1§th day of May, 2007.

NEW MEXICO PUBLIC REGULATION COMMISSION

77
WiLLIAM J. HE N
Hearing Examiner

RECOMMENDER DECGISION OF
THE HEARING EXAMINER
Utllity Case Ne. 05-00448.UT - 4
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RESEARCH

Increasing Construction Costs Could Hamper U.S.
Utilities' Plans To Build New Power Generation

Publication date: 12-Jun-2007

Primary Gredit Analyst: Angesh Prabhu, New York (1)} 212-438-1285;
aneeah_prablu@siendardandpoors.com
Secondary Credit Analyst: Teny A Pratt. New York (1) 212-438-2080;

terry_pratt@@standardandpoors.com

As a resuit of declining reserve margins in some U.S, reglons the ULS. brought about by a sustained
growih of the economy, the domestic power industry is in the midst of an expansion. Standing in the way
are capital costs of new genaration that have risen substantially aver the past three years. Cost prassures
hiave been caused by demands of global infrastructura expansion. In e domestic power industy, cost
pressures have aisen from higher demand for paliution controt equipment, expansion of the tranamission
grid, and new gensration.

While the indusiry has sxperianced bulldout cycles in the past, what mekeas the cument environment
differant is the supply-side resource challenges faced by the canstruction indusiry. A confluence of
rasource limiations have contributad, which Standard & Poor's Ratings Servicas broadly classifies under

the following categories;

Global demand for commodities,

Material and eguipment supply,

Relative inexperienca of new labor force, and
Contractor availability.

The power industry has seen capital costs for new generation ¢limb by more than 50% In the past thrse
years, with more than 70% of this increase resulting from engineering, procuremsant, and consiruction
(EPC) costs, Cortimuing demand, both domestic and intemational, for EPC services will ikely keap costs
at elevated levels. As a result, it is possible that with declining reserve margins, utiifties could end up
building generation at a ime when labor and materials shorfages cause capital cosis to rise, well north of
$2,500 per kW for supercritical coal plants and approaching $1,000 per kW for combined-cycla gas
turbines (CCGT) (1). In a separate yet key point, as capital costs rise, energy sfficiency and demand side
management, aiready important from a climate change parspeciive, become even more crucial as eny
reduction in damand wilt mean lower requirement for new capacity.

Increasing capital costs will affect market participants {o varying degrees. For regulated ufifities, regulstion
remains the dominant credit driver. The key credit consideration for Léilites with plants under development
will be the preapproval of costs in rate base and timalinass of aliowed retumns as construction prograsses,
For uiiliies that choose {o accept additional risks posed by noniraditional EPC contracts, agreements for
tecovery of potential cost increases or self-insurance against contingencies through reserve funds will
also be imporiant.

Coristruction risks of large projects undertaken by unregulsted generetion affiliates of diversified energy. .. ...

comnpanies may affect the consolidated business risk profile, especially if costs aren't locked in and
ovarages must be recovered from competitive market revenues. Project-financed, single-asset
constructions that rely on nonstandard EPC contracts could be challenged to reach investment-grada
ratings even if they are fully contracted post-construction.

The Resource Challenge

Global demand for commodities
A rapid increase in global demand, predominantly from Asia, has resulted in a sharp increase in prices for

Standard & Poor's, AH rights reserved. No reprint or diszemination without S8Ps parmission. See Terms of {Jsa/Disclaimer o the fast page.
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commodgities Important in the power sactor. Some indusiry sources esfimate that China's consumption
accounted for about 40% of world cement supply and 25% of world stesl supply in 2005 {2). A number of
construction materals have seen a dramatic price increase in each of the years since the first quarer of
2004, and siifl remain at elevated levels. Prices of steel--up 50% in first half of 2004 alone—leveled offin
2005 but were on the rise again in 2007, up 20% over December 2005 (3), Copper producis (up 0%
since December 20056) and cament (up 16% since 2005) are the current drivers for continuing upward
price pressuras.

R
Y

AR R R R AR AR R A

Material and equipment supply

In recent years, price compelitiveness has encouraged (read: forced) eriginal equipment manufacturers to
ernploy globat sourcing for raw material and fabiication needs, But here too the rapid growth in Asia,
which is drawing on global supply for raw materlais, is resulting in longer lead times and price increases.
An exampie of this rapid growth is China: It went from an axporter of iron ore to being the world's largast
% importer by 2004 (4). Lead fimes for materials have increased (see chart) as raw malerial suppliers and

: fabrication faciliies are taking resarvation fees in order to secure availabiiity of material and fabrication
slots.

*As of Karch 2087, Scurce: Bumns & Roe. Harkst implies no recsrvalion.
& Stendard & Poor's 2087,

Relative inexperience of new labor
While an extreme materials price escalation may have run its course, labor costs are becoming the new
driver for industry inflation. The Construction Cost index (CC1j (4) and the Building Cost Index (BCI) have
. increased at a compovnd annual prowth rate of 5% and 5.6%, respectively, over the past e years, We .
learned in discussions with EPC coriractors that the cost of labor hag nearly doubled sinca the last round
of construction in 2001. This laber cost and supply situation is due to a significant amount of construction
experience that has retired and replaced by a new, less experienced work force resuiting in reductions in
labor productivity. And it could get worse: in the engineering sector, over 45% of labor will be eligible for
refirement over the next five years. At the same time, strong global labar construction demand is leading
fo shortages of skifled labor, especially in the energy sector, which threatens the schedule and in-service
dates of projects.

Contractor availability

Standard & Peor's. All rights reperved. No reprint or dissemination without 88Ps penmiszion. See Terms of UgeMDisdaimer on the kst none.
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Only a few contractors can absorb the risk of major construction projects. Sponsors are seing more
single bidder projects and an overall reduction in the numbser of bidders for projects.

Contract provisions are changmg

The supply-side issues are causmg a change in contract provisions offered by the construction industry.
EPC contracts with guaranteed prices that shisld wilties from cost overnuns are now sither very
axpenslve, contain clausaes that one can drive a truck through, or simply aren't offered. Simulianeously,
we have seen the advent of dsk-sharing mechanisms such as multi-prime contracting (EPCM), which
distributes construction risk between contractor and sponsor but lowers nstalled cost.

To be clear though, the record of construction over the past few yaars when contraclors got hit with
performance penalties is another reason that contract provisions have changed. S, the supply issues
have allowed contractors the upper hand, We have increasingly seen the usa of adjustment clauses as
contractors respond to material price escalations, including:

Material escalation ciauses that track the aciual variation of prices from bid amounts,
The use of indices to adjust prices, commonly CCI (which assigns a higher weighting to labor
coste) and aiso the Materials Cost Index,

+  An escafalion allowance line item in contracts that serves as a cap for the contractor 1o recover
unanticipaied cost increases,

«  Tha use of surcharges typically to fimit fuel-nnly escalations, and

+  The re-emergence of cost-based plus contracting.

Extent Of Cost Increase

We assessed the magnitude of cost increases by comparing cogl projects under constuction during 2003
to 2006. Table 1 iists some coal-fired generation projects currently under development;

Table 1

“Coal Plants Under Construction = = <

Project
cost ($
Fower Primary Size Typoof EPC Yeoar EPC Broke Expoctod per
plant Location owner {¥W) unit contract  confracted ground complstion Wy
IR e m - Ca L e Lo i T et
Elm Road  Wisconsin Wisconsin 1,230 Super-citical Fixed 20022003 2004
Energy
Cerp,
Weotton 4 o 836 Super-critical 2063 4480
Nabraska Mebraska Qimaha B53  Sub critieal 2008 1,600
City 2
Jatan Unit  Missourt B51  Supercriicsl Mulipiim  Degeiher: 2006 2010 1986
2 ‘ #6055,
Pam  Adangas  PlumPolit 863 Subcrtced | Fled 0 2008 2006 amp. 2880
Point Ehergy
Apeociates
LongView Pehnsywvania  Lahgdtey 695  Supercritical Mg 2606 2007 o0 2600

Sub and supercritical technologles result In minor diferences to capitsl cost, Adiustments were meade to AFUDGAunded intarest to make
the comparison relevant. Some projects zise have modest other costs such as coal cars or transmission connacts, AFUDC—Allowancs
for funds used during conatruction. EPC--Engineering, procurement, end construction.

The sample is small but tha frend is evident. Broadly, capital costs have risen, from about $1,700 per kW
in 2003-2004 to about 52,500 per kW by year-end 2006. Tha increass was sharp from 2005 to 2006. A

Standard & Poors. All rights regerved. No regxint of dissemination without SEPs permission. See Terms of Use/Discaimer on the last page.
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key compatison is between Nehraska City #2 (NC#2) and the Pium Point Project as these {wo allow us fo
cortrol all ather cost variables--they are of simitar size and have a fixed priced EPC that is contracted with
the same consfruction consortium {we recegnize that the existing site gives NCH#2 some advaniages). The
important distinetion is that the construction contracting was a year aparf. Capital costs. for Plum Point
were alimosl 35% higher, The fixed price EPC component for Plum Paint was almost 40% higher,
increasing o nearly $1,325 por kW compared with $960 per kW for NC#2. For the Longvisw project,
which completad construction cantract negotiations a year after Plum Peint, the EPC conbract priceis a
further 30% higher at about $1,700 per kW.

New cambined-cycle plants have similar issues

We had informal discussions with some EPC contractors to determine the effect on new combined-cycle
plants {see table 2). The theme ia similar, Labhor costs have nesrly doubled since the last construction
cycle, from about 25% fo nearly 40% of total project cost. Other factors included higher costs of
cormmodities like coppar, steel, and cament, somewhat offsat by reductions in furbine costs. The range of
about §745 o $785 per KW is about 20% to 25% higher than costs in 2002. Tha high range is about 60%
higher than price in 2002,

Table 2

Combinéd-Cycls Plant Cost Comparison™ | "

{$ per kW} EPCY EPC2low range £EPC 3 Average EPC1highrangs EPG 2High Raﬁge
BPC soat R YT &0 L g5 DT e
Soft cost§ 125 185 160 20

Tokd i s 848 R g A R

N Tnon R n e DR R pi
*Cosls estimated by three different EPC contraciors. Estimates ars identified as EPG 1, EPG 2, and EPC 3. §5cft costs include water
supply, finance, legal, IDC, and naturaf gas pipe connects. EPC—~Enginpering, proecurament, and construcion.

Stil, these units have sharter construction lsad imas and can be carried on ulilities’ balanca sheets
without significant credit impact. Togsthar with potential fulure costs refating to climate change, we could
see the cancellation of some coal-fired congtruction projects and a shift In favor of natural gas fired units.
However, supply, longer-iern prices, and volatility of natural gas will remain conicerns.

Credit Implications For industry Participants

Because the electric industry is entaring 2 pariod of sustained bullding after a prolonged absencs,
companies are again highly dependant on regulatory decisions for full recovery of these growing cosis,
There has aiso been a shift in this round of heavy construction to predominantly rate-based recovery as
regulated utilities undertake many large projects. However, regulators are dealing with cost pressures
from a variety of ather factors, such as expiring frozen/capped periods, fual cost recovery, distribution
related base rate requests, and extensive spending related fo environmental emigsions control. After the
relatively calm period of fransition/rate freeze agreements belween 1998 and 20085, the shesr volume of
rate cases facing reguiators will pose a challenge. Balancing competing priorities of maintaining reliability
and avoiding rate shocks wifl be an unenviable Job, and soma rate-case orders may result in regulalory
deferrals or even prassure the full racoverability of rate-based plants, which could weaken some utilities’
credit quality,

Recognizing the need for new power, some states are enacting laws that allow utilitios to seek regulatory

- decisions that effectively préapprove the costs 6f new generation facilities. Rulemaking clarity isalso.

being provided by specifying the rate-making principles that commissions will apply when that new
generation can be placed in the uiility's rate base. House Biil 577 in lowa, Senate Bill 78 in Wisconsin,
Senate Bill 1416 in Virginia, and Housa Bill 1910 in Oklahoma are examples of such efforts. While the
iaws in Wiscensin, QOldahomia, and Virginia remain untested, MidAmerican Energy Co. used lowa's HF
577 1o seek preapproval of its 60.67% ownership interest i the Council Blufis facility. Pursuant to rate
settlements in fowa, MidAmerican Energy will be permitied to include in its rate base the lowa portion of
up to $682.5 million in construction costs and earn a 12.29% retiam on equity once the 750 MW plant is
completed. Costs exceeding this cap would be recoverable f detarmined to have been prudently incurred.

Standard & Poar'’s, All rights reserved. Ne teprint ar disseminption without S&Ps penmission. See Terms of Use/Disclisimer on the last page.
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Credit implications for regulated utiliies should be fairly straight forward. As ong as the utility In the
process of buitding a large project has access to protective safeguards like regulatory preapprovat for
construction, timely recovery on capital work in progress, and other cost-recovery mechanisms, it can
rneaningfully mitigate the iarge risks posed by construction projects. Stll, these ulilities will have to
manage overall risks during the construction process to avoid cost overruns. For example, despite their
approved fixed-price EPC construction for the Eim Road project, Wisconsin Energy Corp. and Madison
Gas & Elactric Co, will have to absorb cost escalations from more stingant environmental requirements if
overall cost overruns axceed 5% of the approved capital cost.

Regulated wutilities that forego the protection of a fixed EPC will increase their exposure to construction
risk from materiaf cost increases, scheduling delays, and performance issues. in such cases, we look for
requiatory pre-agreements that lessen the risk of disallowanca or restricted rasearves that mitigate the risk
of overruns. Some utilities also address risk by partaking in large projects through Joint ownesship interast.
Utilitfes have also used a combination of these stratagies. The laton 2 projsct is a good axample of a
EPCM approach that is structured to protect ks owners' credit quality. The project has five owners, but
two owners, Kansas City Power & Light Co. and Empire District Eleciric Co., are allowed to accelerate
plant-refated amortization expense in rate proceedings occurring before the in-gervice dats, and the
project has nearly 12.5% of project costs in contingency reserves,

Unragulated generation companies can't recover any of their capital investment through reguiated means
and must rely on market prices to recover these Investments. The curent environment of increasing
prices has pressured the economics of merchant generation. While capacily markets can provide visibility
into market-based ravenuss in some areas, thay have not developed enaugh to provids the certainty
neaded to support generation projects with fong lead times. However, the capacity clearing price of PJdM’s
first reliability pricing model auction for the eastern Mid-Allantic Area Council subregion Is close to the
price that can support new CCGT capilal costs. However, it's 100 early to telf whether this will drive
significant unregulated construction activity. Wa do expect sorms unregulated generation affiflates of
diversifisd utilities to consider self-build options far CCGTs to lower installed cost. Impiications for credit
quality will depend on the relative magnitude of construction risk and the presence of mitigating factors
fike contingency resatves.

Regions with strong demand and depleting reserve margins wifl see some project finance-based debt
issuances. The 695 MW Longview project is a goad example of a recently rated merchant project finance
fransaction. Howavet, in that case, merchant risks dominated the ¢redit—quality conslderations. Plum
Point is an example of a fully contracted coal-fired plant with a fixed-price EPC currently under
construction. The project has invesiment-grade characteristics supported by 16.5% of the EPC contract
price in contingency reserve and sontingent equity during construction.

Notes

{1) We exclude nudlear from this discussion as investments In nucisar units may onfy be in the madium to
long term, and patentially at over 54,000 par kW.

{2} John Gallagher and Frank Briggs, Construction Briefings, December 2006, Thomas Wast,
(3) U.5. Bureau of Labor Stafistics,
(4) The Financial Times, Jan, 27, 2004,

{5) Engineering News-Record, a unil of McGraw-Hill Companies. Both the CC! and BCl indexes have
fabor as the major component at 80% and 64%, raspectively,

Other Sources
+ “Construction Contract Provisions: Credit Considerations For Utilities That Are Building Gwned
Generation” published on RalingsDirect on March 30, 2005.
+  “Reguiatory Support Is Key For 1.8, Utilities Building New Coal-Fired Pawer Plants® published
on RatingsDiract on Nav, 3, 2006,
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4 Introduction and Executive Summary

In Why Are Electricity Prices Increasing? An Industry-Wide Perspective (June 2006), The Brattle Group
identified fuel and purchased-power cost increases as the primary driver of the electricity rate increases that
consumers currently are facing. That report also noted that utilities are once again entering an infrastructure
expansion phase, with significant investments in new baseload generating capacity, expansion of the bulk
transmission system, distribution system enhancements, and new environmental controls. The report
concluded that the indusiry could make the needed investments cost-effectively under a generally supportive
rate environment.

The rate increase pressures arising from elevated fuel and purchased power prices continue. However,
another major cost driver that was not explored in the previous work also will impact electric rates, namely,
the substantial increases in the costs of building utility infrastructure projects. Some of the factors
underlying these construction cost trends are straightforward—such as sharp increases in materials cost—
while others are complex, and sometimes less transparent in their impact. Moreover, the recent rise in many
utility construction cost components follows roughly a decade of relatively stable (or even declining) real
construction costs, adding to the “sticker shock” that utilities experience when obtaining cost estimates or
bids and that state public utility commissions experience during the process of reviewing applications for
approvals to proceed with construction. While the full rate impact associated with construction cost
increases will not be seen by customers until infrastructure projects are completed, the issue of rising
construction costs currently affeets industry investment plans and presents new challenges to regulators.

The purpose of this study is to a) document recent increases in the construction cost of utility infrastructure
(generation, transmission, and distribution), b) identify the underlying causes of these increases, and ¢}
explain how these increased costs will translate into higher rates that consumers might face as a result of
required infrastructure investment. This report also provides a reference for utilities, regulators and the
public to understand the issues related to recent construction cost increases. In summary, we find the
following:

= Dramatically increased raw materials prices (e.g., steel, cement) have increased construction cost
directly and indirectly through the higher cost of manufactured components common in vfility
infrastructure projects. These cost increases have primarily been due to high global demand for
commodities and manufactured goods, higher production and transportation costs (in part owing to
high fuel prices), and a weakening U.S. dollar.

* Incteased labor costs are a smaller contributor to increased utility construction costs, although that
contribution may rise in the future as large construction projects across the country raise the demand
for specialized and skilled labor over current or projected supply. There also is a growing backlog of

i |
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| project contracts at large engineering, procurement and construction (EPC) firms, and construction

| management bids have begun to rise as a result. Although it is not possible to quantify the impact on
fisture project bids by EPC firms, it is reasonable to assume that bids will become less cost-competitive
as new construction projects are added to the queue.

= The price increases expetienced over the past several years have affected all electric sector investment

costs. In the generation sector, all technologies have experienced substantial cost increases in the past
three years, from coal plants to windpower projects. Large proposed transmission projects have

| undergone cost revisions, and disiribution system equipment costs have been rising rapidly. This is

| seen in Figure ES-1, which shows recent price trends in peneration, transmission and distribution
infrastructute costs based on the Handy-Whitman Index® data series, compared with the general price

| level as measured by the gross domestic product (GDP) deflator over the same time period. As
shown in Figure ES-1, infrastructure costs were relatively stable during the 1990s, but have
experienced substantial price increases in the past several years. Between January 2004 and January
2007, the costs of steam-generation plant, transmission projects and distribution equipment rose by 25
percent to 35 percent (compared to an 8 percent increase in the GDP deflator). For example, the cost
of gas turbines, which was fairly steady in the carly part of the decade, increased by 17 percent during
the year 2006 alone. As a result of these cost increases, the levelized capital cost component of

| baseload coal and nuclear plants has risen by $20/MWh or more—substantially narrowing coal’s
overall cost advantages over natural gas-fired combined-cycle plants—and thus limiting some of the
cost-reduction benefits expected from expanding the solid-fuel fleet. '

Figure ES-1
Natignal Average Utility Infrastructure Cost Indices
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Sewroes: The Bondy-Whitman€ Bulletin, No. 165 and the LS. Bureau of Economic Analysis.
Siraple average of all regional construstion and equipment oost indexes for the specified components.

! The GDP deflator measures the cost of goods and services purchased by households, industry and government, and as such
is a broader price index than the Consumer Price Index (CPI) or Producer Price Index (PPI), which track the costs of
goods and services purchased by households and industry, respectively.
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®» The rapid increases experienced in utility construction costs have raised the price of recently
completed infrastructure projects, but the impact has been mitigated somewhat to the extent that
construction or materials acquisition preceded the most recent price increases. The impact of rising
costs has a more dramatic impact on the estimated cost of proposed utility infrastructure projects,
which fully incorporates recent price trends. This has raised significant concerns that the next wave
of utility investments may be imperiled by the high cost environment. These rising construction costs
have also motivated utilities and regulators to more actively pursue energy efficiency and demand
response initiatives in order to reduce the future rate impacts on consumers.

* Despite the overwhelming evidence that construction costs have risen and will be elevated for some
time, these increased costs are largely absent from the capital costs specified in the Energy Information
Administration's (EIA's) 2007 Annual Energy Outlook (AEO). The AEO generation capital cost
assumptions since 2001 are shown in Figure ES-2. Since 2004, capital costs of all technologies are
assumed to grow at the general price level—a pattern that contradicts the market evidence presented in
this report. The growing divergence between the AEO data assumptions and recent cost escalation is
now so substantial that the AEQ data need to be adjusted to reflect recent cost increases to provide
reliable indicators of current or future capital costs.

Figure ES-2
EIA Generation Construction Cost Estimates
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A4 Projected Investment Needs and Recent
Infrastructure Cost Increases

Current and Projected U.S. Investment in Electricity Infrastructure

The clectric power industry is a very capital-intensive industry. The total value of generation, transmission
and distribution infrastructure for regulated electric utilities is roughly $440 billion (property in service, net
of accumulated depreciation and amortization), and capital expenditures are expected to exceed $70 billion
in 2007.% Although the industry as a whole is always investing in capitel, the rate of capital expenditures
was relatively stable during the 1990s and began to rise near the turn of the century. As shown in Why Are
Electricity Prices Increasing? An Industry-Wide Perspective (Fune 2006), utilities anticipate substantial
increases in generation, transmission and distribution investment levels over the next two decades.
Moreover, the significant need for new electricity infrastructure is a world-wide phenomenon: According to
the World Energy Investment Outlook 2006, investments by power-sector companies throughout the world
will total about $11 trillion dollars by 2030,

Generation

As of December 31, 2005, there were 988 gigawatts (GW) of electric generating capacity in service in the
U.S., with the majority of this capacity owned by electric utilities. Close to 400 GW of this total, or 39
percent, consists of natural gas-fired capacity, with coal-based capacity comprising 32 percent, or slightly
more than 300 GW, of the U.8S. electric generation flect. Nuclear and hydroelectric plants comprise
approximately 10 percent of the electric generation fleet. Approximately 49 percent of energy production is
provided by coal plants, with 19 percent pravided by nuclear plants. Natural gas-fired plants, which tend to
operate as intermediate or peaking plants, also provided about 19 percent of U.S. energy production in 2006.

The need for installed generating capacity is highly correlated with load growth and projected growth in peak
demand. According to EIA’s most receat projections, U.S. electricity sales are expecied to grow at an annual
rate of about 1.4 percent through 2030. According to the North American Electric Reliability Corporation
(NERC), U.S. non-coincident peak demand is expected to grow by 19 percent (141 GW) from 2006 to 20135.
According to EIA, utilities will need to build 258 GW of new generating capacity by 2030 to meet the

% Net property in service figure as of December 31, 2006, derived from Federal Energy Regulatory Commission (FERC)
Form 1 data compiled by the Edison Electric Institate (EEI). Gross property is roughly $730 billion, with about $290
billion already depreciated and/or amortized. Annual capital expenditure estimate is derived from a sample of 10K reports
surveved by EEI

* Richard Stayros, “Power Plant Development: Raising the Stakes.” Public Utilities Fortnightly, May 2007, pp. 36-42.
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projected growth in electricity demand and to replace old, inefficient plants that will be retired. EIA further
projects that coal-based capacity, that is more capital intensive than natural gas-fired capacity which
dominated new capacity additions over the last 15 years, will account for about 54 percent of total capacity
additions from 2006 to 2030. Natural gas-fired plants comprise 36 percent of the projected capacity
additions in AEO 2007. EIA projects that the remaining 10 percent of capacity additions will be provided by
renewable generators (6 percent) and nuclear power plants (4 percent). Renewable generators and nuclear
power plaats, similar to coal-based plants, are capital-intensive technologies with relatively high construction
costs but low operating costs.

High-Valtage Transmission

The U.S. and Canadian electric transmission grid includes more than 200,000 miles of high voltage (230 kV
and higher) transmission lines that ultimately serve more than 300 million customers. This system was built
over the past 100 years, primarily by vertically integrated utilities that generated and transmitted electricity
locally for the benefit of their native load customers. Today, 134 control areas or balancing authorities
manage ¢lectricity operations for local areas and coordinate reliability through the eight regional reliability
councils of NERC.

After a long peried of decline, transmission investment began a significant upward trend starfing in the year
2000. Since the beginning of 2000, the industry has invested more than $37.8 billion in the nation’s
transmission system. In 2006 alone, investor-owned electric utilitics and stand-alone transmission
companies invested an historic $6.9 billion in the nation’s grid, while the Edison Electric Institute (EEI)
estimates that utility transmission investments will increase to $8.0 billion during 2007. A recent EEI survey
shows that its members plan to invest $31.5 billion in the transmission system from 2006 to 2009, a nearly
60-percent increase over the amount invested from 2002 to 2005. Thesc increased investments in
transmission are prompted in part by the larger scale of base load generation additions that will occur farther
from load centers, creating a need for larger and more costly transmission projects than those built over the
past 20 years. In addition, new government policies and industry structures will contribute to greater
fransmission investment. In many parts of the country, transmission planning has been formally
regionalized, and power markets create greater price transparency that highlights the value of transmission
€Xpansion in some instances.

NERC projects that 12,873 miles of new transmission will be added by 2015, an increase of 6.1 percent in
the total miles of installed extra high-voltage (EHV) transmission lines (230 kV and above) in North
America over the 2006 to 2015 period. NERC notes that this expansion lags demand growth and expansion
of generating resources in most areas. However, NERC’s figures do not include several major new
transmission projects proposed in the PIM Interconnection LLC, such as the major new lines proposed by
American Electric Power, Allegheny Power, and Pepco.

Distribution

While transmission systems move bulk power across wide areas, distribution systems deliver lower-voltage
power to retail customers. The distribution system includes poles, as well as metering, billing, and other
related infrastructure and software associated with retail sales and customer care functions. Continual
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investment in distribution facilities is needed, first and foremost, to keep pace with growth in customer
demand. Inreal terms, investment began to increase in the mid-1990s, preceding the corresponding boom in
generation. This steady climb in investment in distribution assets shows no sign of diminishing. The need to
replace an aging infrastructure, coupled with increased population growth and demand for power quality and
custoer scrvice, is continuing to motivate utilities to improve their ultimate delivery system to customers.

Continued customer load growth will require continued expansion in distribution system capacity. In 2006,
utilities invested about $17.3 billion in upgrading and expanding distribution systems, a 32-percent increase
over the investment levels incurred in 2004. EEI projects that distribution investment during 2007 will again
exceed $17.0 billion. While much of the recent increase in distribution investment reflects expanding
physical infrastructure, a substantial portion of the increased dollar investment reflects the increased input
costs of materials and labor to mect current distribution infrasiructure needs.

Construction Costs for Recently Completed Generation

The majority of recently constructed plants have been either natural gas-fired or wind power plants. Both
have displayed increasing real costs for several years. Since the 1990s, most of the new generating capacity
built in the U.S. has been natural gas-fired capacity, either natural gas-fired combined-cycle units or natural
gas-fired combustion turbines. Combustion turbine prices recently rose sharply after years of real price
decreases, while significant increases in the cost of installed natural gas combined-cycle combustion capacity
have emerged during the past several years.

Using commercially available databases and other sources, such as financial reports, press releases and
government documents, The Brattle Group collected data on the installation cost of natural gas-fired
combined-cycle generating plants built in the U.S. during the last major construction cycle, defined as
generating plants brought into service between 2000 and 2006. We estimated that the average real
construction cost of all natural gas-fired combined-cycle units brought online between 2000 and 2006 was
approximately $550/kilowatt (kW) (in 2006 dollars), with a range of costs between $400/kW to
approximately $1,000/kW. Statistical analysis confirmed that real installation cost was influenced by plaint
size, the turbinc technology, the NERC region in which the plant was located, and the commercial online
date. Notably, we found a positive and statistically significant relationship between a plant’s construction
cost and its online date, meaning that, everything else equal, the later a plant was brought online; the higher
its real installation cost.* Figure 1 shows the average yearly installation cost, in nominal dollars, as predicted
by the regression analysis.” This figure shows that the average installation cost of combined-cycle units
increased gradually from 2000 to 2003, followed by a fairly significant increase in 2004 and a very
significant escalation—more than $300/kW—in 2006. This provides vivid evidence of the recent sharp
increase in plant construction costs.

* To be precise, we used a “dummy” variable to represent cach year in the analysis. The year-specific dummy variables
were statistically significant and uniformly positive; i.e., they had an upward impact on installation cost,

* The nominal form regression results are discussed here to facilitate comparison with the GDP deflator measure used to
compare other price trends in other figures in this report.
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Figurs 1
* Multl-Varfahle Regression Estimation:
Average Nominal Installation Costs Based on Online Year {$/kW)

1000

a00

BOO

700

660

560

($kW)

400 1

300

200

100 +

000 2001 2002 2003 2004 2005 2006
Online Year

Sawces and Notes:
* Data on sumnmer capacity, total installation cast , turbine technelagy, comnsrcial onling date, and zip code for the period 2000-2006
wars collscted fram commercially available databases and other sources sich as campany websites and 10k repeats.

Figure 2 compares the trend in plant installation costs to the GDP deflator, using 2000 as the base year. Over
the period of 2000 to 2006, the cumulative increase in the general price level was 16 percent while the

~cumulative increase in the installation cost of new combined-cycle units was almost 95 percent, with much

of this increase occurring in 2006.

Figure 2
Multl-Variable Regression Estimation:
Average Nominal Installation Costs Based on Online Year {Index Year 2000 = 100)
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Another major class of generation development during this decade has been wind gencration, the costs of
which have also increased in recent years. The Northwest Power and Conservation Council (NPCC), a
regional planning council that prepares long-term electric resource plans for the Pacific Northwest, issued its
most recent review of the cost of wind power in July 2006.° The Council found that the cost of new wind
projects rose substantially in real terms in the last two years, and was much higher than that assumed in its
most recent resource plan. Specifically, the Council found that the levelized lifecycle cost of power for new
wind projects rose 50 to 70 percent, with higher construction costs being the principal contributor to this
increased cost. According to the Council, the construction cost of wind projects, in real dollars, has
increased from about $1150/kW to $1300-51700/kW in the past few years, with an unweighted average
capital cost of wind projects in 2006 at $1,485/kW. Factors contributing to the increase in wind power costs
inclade a weakening dotlar, escalation of commodity and energy costs, and increased demand for wind
power under renewable portfolio standards established by a growing number of states. The Council notes
that commodities used in the manufacture and installation of wind turbines and ancillary equipment,
including cement, copper, steel and resin have experienced significant cost increases in recent years. Figure
3 shows real construction costs of wind projects by actual or projected in-service date.

Figure 3
Wind Power Project Capital Costs
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Sotree: The Morthwest Pawet and Conservation Council, "Biennial Review of the Cost of Windpower™ July 13, 2006,

These observations were confirmed recently in a May 2007 report by the U.S. Department of Energy (DOE),
which found that prices for wind turbines (the primary cost component of installed wind capacity) rose by
more than $400/kW between 2002 and 2006, a nearly 60-percent increase.” Figure 4 is reproduced from the
DOE report (Figure 21) and shows the significant upward trend in turbine prices since 2001,

The NPCC planning studies and analyses cover the following four states: Washington, Oregon, Idaho, and Montana. See
“Biennial Review of the Cost of Windpower” July 13, 2006, at

www.bpa. gnv/Energy/N/pmJectsz'postZOO&conservahon/doc/W indpower_Cost | Revu:w doc. This study provides many
reasons for windpower cost increases,

Ses U.S. Department of Energy, Annual Report on U.S. Wind Power Installation, Cost and Performance Trends: 2006
Figure 21, page 16.
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Figure 4
Wind Turbine Prices 1997 - 2007
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Rising Projected Construction Casts: Examples and Case Studies

Although recently completed gas-fired and wind-powered capacity has shown steady real cost increases in
recent years, the most dramatic cost escalation figures arise from proposed utility investments, which fully
reflect the recent, sharply rising prices of various components of construction and installation costs. The
most visible of these are generation proposals, although several transmission proposals also have undergone
substantial upward cost revisions. Distribution-level investments are smaller and less discrete (*lumpy™) and
thus are not subject to similar ongoing public scrutiny on a project-by-project basis.

Coal-Based Power Plants

Evidence of the significant increase in the construction cost of coal-based power plants can be found in
recent applications filed by utilities, such as Duke Energy and Otter Tail Power Company, seeking
regulatory approval to build such plants. Otter Tail Power Company lcads a consortium of seven
Midwestern utilities that are seeking to build a 630-MW coal-based generating unit (Big Stone II) on the site
of the existing Big Stone Plant near Milbank, South Dakota. In addition, the developers of Big Stone II seck
to build a new high-voltage transmission line to deliver power from Big Stone II and from other sources,
including possibly wind and other renewable forms of energy. Initial cost estimates for the power plant were
about $1 billion, with an additional $200 million for the transmission line project. However, these cost
estimates increased dramatically, largely due to higher costs for construction materials and labor.® Based on
the most recent design refinements, the project, including transmission, is expected to cost $1.6 billion.

¥ Other factors contributing to the cost increase include design changes made by project participants io increase output and
improve the unit’s efficiency. For example, the voltage of the proposed transmission line was increased from 230 kV to
345 kV to accommodate more generation.
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In June 2006, Duke submitted a filing with the North Carolina Utilities Commission (NCUCY) seeking a
certificate of public convenience and necessity for the construction of two 800 MW coal-based generating
units at the site of the existing Cliffside Steam Station. In its initial application, Duke relied on a May 2005
preliminary cost estimate showing that the two units would cost approximately $2 billion to build. Five
months later, Duke submitted a second filing with a significantly revised cost estimate. In its second filing,
Duke estimated that the two units would cost approximately $3 billion to build, a 5( percent cost increase.
The North Carolina Utilities Commission approved the construction of one 800 MW unit at Cliffside but
disapproved the other unit, primarily on the basis that Duke had not made a showing that it needed the
capacity to serve projected native load demands. Duke’s latest projecied cost for building one 800 MW unit
at Cliffside 1s approximately $1.8 billion, or about $2,250/kW. When financing costs, or allowance for funds
used during construction (AFUDC), are included, the total cost is estimated to be $2.4 billion (or about
$3,000/kW).

Rising construction costs have also led utilities to reconsider expansion plans prior to regulatory actions. In
December 2006, Westar Energy announced that it was deferring the consideration of a new 600 MW coal-
based generation facility due to significant increases in the estimated construction costs, which increased
from $1.0 billion to about $1.4 billion since the plant was first announced in May 2005,

Increased construction costs are also affecting proposed demonstration projects. For example, DOE
announced carlier this year that the projected cost for one of its most prominent clean coal demonstration
project, FutureGen, had nearly doubled.” FutureGen is a clean coal demonstration project being pursued by
a public-private partnership involving DOE and an alliance of industrial coal producers and electric utilities.
FutureGen is an experimental advanced Integrated Gasification Combined Cycle (IGCC) coal plant project
that will aim for near zero emissions of sulfur dioxide (SOy), nitrogen oxides (NOx), mercury, particulates
and carbon dioxide (CO,). Its initial cost was estimated at $950 million. But after re-evaluating the price of
construction materials and labor and adjusting for inflation over time, DOE’s Office of Fossil Energy
announced that the project’s price had increased to $1.7 billion.

Transmission Projects

NSTAR, the clectric distribution company that serves the Boston metropolitan ares, recently built two 345
kV lines from a switching station in Stoughton, Massachusetts, to substations in the Hyde Park section of
Boston and to South Boston, respectively. In an August 2004 filing before ISO New England Inc. (ISO-NE),
NSTAR indicated that the project would cost $234.2 million. In March 2007, NSTAR informed ISO-NE
that estimated project costs had increased by $57.7 million, or almost 25 percent, for a revised total project
cost of $292 million. NSTAR stated that the increase is driven by increases in both construction and material
costs, with construction bids coming in 24 percent higher than initially estimated. NSTAR further explained
that there have been dramatic increases in material costs, with copper costs increasing by 160 percent, core
steel by 70 percent, flow-fill concrete by 45 percent, and dielectric fluid (used for cable cooling) by 66
percent,

% U.S. Departmoent of Energy, Aprit 10, 2007, press release available at
http://www fossil energy. gov/news/techlines/2007/07019-DOE_Signs FutureGen_Agreement.himl
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Another aspect of transmission projects is land requirements, and in many areas of the country land prices
have increased substantially in the past few years. In March 2007, the California Public Utilities
Commission (CPUC) approved construction of the Southern California Edison (SCE) Company’s proposed
25.6-mile, 500 kV transmission line between SCE’s existing Antelope and Pardee Substations. SCE initially
estimated a cost of $80.3 million for the Antelope-Pardee 500 kV line. However, the company subsequently
revised its estimate by updating the anticipated cost of acquiring a right-of-way, reflecting a rise in
California’s real estate prices. The increased land acquisition costs increased the total estimate for the
project to $92.5 million, increasing the estimated costs to more than $3.5 million per mile.

Distribution Equipment

Although most individual distribution projects are small relative to the more visible and public generation
and transmission projects, costs have been rising in this sector as well. This i3 most readily seen in Handy-
Whitman Index® price series relating to distribution equipment and components. Several important
categories of distribution equipment have experienced sharp price increases over the past three years. For
example, the prices of line iransformers and pad transformers have increased by 68 percent and 79 percent,
respectively, between January 2004 and January 2007, with increases during 2006 alone of 28 percent and 23
percent. '’ The cost of overhead conductors and devices increased over the past three years by 34 percent,
and the cost of station equipment rose by 38 percent. These are in contrast to the overall price inicreases
(measured by the GDP deflator) of roughly 8 percent over the past three years.

1% Handy-Whitman® Bulletin No. 165, average increase of six U.S. regions. Used with permission.
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Broadly speaking, there are four primary sources of the increase in construction costs: (1) material input
costs, including the cost of raw physical inputs, such as steel and cement as well as increased costs of
components manufactured from these inputs (e.g., transformers, turbines, pumps); (2) shop and fabrication
capacity for manufactured components (relative to current demand); (3) the cost of construction field labor,
bath unskilled and craft labor; and (4) the market for large consiruction project management, i.e., the queuing
and bidding for projects. This section will discuss each of these factors.

Material Input Costs

Utility construction projects involve large quantities of steel, aluminum and copper (and components
manufactured from these metals) as well as cement for foundations, footings and structures. All of these
commeodities have experienced substantial recent price increases, due to increased domestic and global
demands as well as increased energy costs in mineral extraction, processing and transportation. In addition,
since many of these materials are traded globally, the recent performance of the U.S. dollar will impact the
domestic costs (sce box on page 14).

Metals

After being relatively stable for many years (and even declining in real terms), the price of various metals,
including steel, copper and aluminum, has increased significantly in the last few years. These increases are
primarily the result of high global demand and increased production costs (including the impact of high
energy prices). A weakening U.S. dollar has also contributed to high domestic prices for imported metals
and various component praducts.

Figure 5 shows price indices for primary inputs into stecl production (iron and steel scrap, and iron ore) since
1997. The price of both inputs fell in real terms during the late 1990s, but rose sharply after 2002.
Compared to the 20-percent increase in the general inflation rate (GDP deflator) between 1997 and 2006,
iron ore prices rose 75 percent and iron and steel scrap prices rose nearly 120 percent. The increase over the
last few years was especially sharp—between 2003 and 2006, prices for iron ore rose 60 percent and iron
and scrap stecl rose 150 percent.
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Exchange Rates

Many of the raw materials involved in utility construction projects (e.g., steel, copper,
cement), as well as many major manufactured components of utility infrastructure
investments, are globally traded. This means that prices in the U.8. are also affected
by exchange rate fluctuations, which have been adverse to the dollar in recent years,
The chart below shows trade-weighted exchange rates from 1997. Although the dollar
appreciated against other currencies between 1997 and 2001, the graph also clearly
shows a substantial erosion of the dollar since the beginning of 2002, losing roughly 20
percent of its value against other major trading pariners’ currencies. This has had a
substantial impact on U.S. material and manufactured component prices, as will be
reflected in many of the graphs that follow.

Nominal Broad Dollar Index
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Figure 5
Inputs to Iron and Steel Production Cost Indices
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The increase in input prices has been reflected in steel mill product prices. Figure 6 compares the trend in
steel mill product prices to the general inflation rate (using the GDP deflator) over the past 10 years. Figure
6 shows that the price of steel has increased about 60 percent since 2003.
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Various sources point to the rapid growth of steel production and demand in China as a primary cause of the
increases in both steel prices and the prices of steelmaking inputs.'' China has become both the world’s
largest steclmaker and steel consumer. In addition, some analysts contend that steel companies have
achieved greater pricing power, partly due to ongoing consolidation of the industry, and note that recently

increased demand for steel has been driven largely by products used in energy and heavy industry, such as
plate and structural sieels.

From the perspective of the stecl industry, the substantial and at least semi-permanent rise in the price of
steel has been justified by the rapid rise in the price of many steelmaking inputs, such as steel scrap, iron ore,
coking coal, and natural gas. Today’s steel prices remain at historically elevated levels and, based on the
underlying causes for high prices described, it appears that iron and steel costs are likely to remain at these
high levels at least for the near future.

Other metals important for utility infrastructure display similar price patterns: declining real prices over the
first five years or so of the previous 10 years, followed by sharp increases in the last few years. Figure 7

shows that aluminum prices doubled between 2003 and 2006, while copper prices nearly quadrupled over the
samme period.

Figure 7
Aluminum and Copper Price Indices
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! See, for example, Steel: Price and Policy Issues, CRS Report to.(.‘.ongress, Congressional Research Service, August 31,
2006.
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These price increases were also evident in metals that contribute to important steel alloys used broadly in

clectrical infrastructure, such as nickel and tungsten. The prices of these display similar patterns, as shown
in Figure 8.

Figure 8
Nickel and Tungsten Price Indices
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Cement, Concrete, Stone and Gravel

Large infrastructure projects require huge amounts of cement as well as basic stone materials. The price of
cement has also risen substantially in the past few years, for the same reasons cited above for metals.
Cement is an energy-intensive commodity that is traded on international markets, and recent price patterns
resemble those displayed for metals. In utility construction, cement is often combined with stone and other
aggregates for concrete {often reinforced with steel), and there are other site uses for sand, gravel and stone.
These materials have also undergone significant price increases, primarily as a result of increased energy
costs in extraction and transportation. Figure 9 shows recent price increases for cement and crushed stone.
Prices for these materials have increased about 30 percent between 2004 and 2006.

g
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Figure 9
Cement and Crushed Stone Price Indices
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Manufactured Products for Utility Infrastructure

Although large utility construction projects consume substantial amounis of unassembled or semi-finished
metal products (.., reinforcing bars for concrete, structural steel), many of the components such as
conductors, transformers and other equipment are manufactured elsewhere and shipped to the construction
site. Available price indices for these components display similar patterns of recent sharp price increases.

Figure 10 shows the increased prices experienced in wire products compared to the inflation rate, according
to the U.S. Bureau of Labor Statistics (BLS), highlighting the impact of underlying metal price increases.

Manufactured components of generating facilitics—large pressure vessels, condensers, pumps, valves—have
also increased sharply since 2004. Figure 11 shows the yearly increases experienced in key component
prices since 2003.
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Figure 10
Electric Wire and Cable Price Indices
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Figure 11
Equipment Price Increases
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Labor Costs

A significant component of utility construction costs is labor—both unskilled (common) labor as well as
craft labor such as pipefitters and electricians. Labor costs have also increased at rates higher than the
general inflation rate, although more steadily since 1997, and recent increases have been less dramatic than
for commodities. Figure 12 shows a composite national labor cost index based on simple averages of the
regional Handy-Whitman Index® for common and craft labor. Between January 2001 and January 2007, the
general inflation rate (measured by the GDP deflator) increased about 15 percent. During the same period,
the cost of craft labor and heavy construction labor increased about 26 percent, while common labor
increased 27 percent, or almost twice the rate of general inflation.'” While less severe than commodity cost
increases, increased labor costs contributed to the overall construction cost increases because of their
substantial share in overall utility infrastructure construction costs.

Figure 12
National Average Labor Costs Index
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Although labot costs have not risen dramatically in recent years, there is growing concern about an emerging
gap between demand and supply of skilled construction labor—especially if the anticipated boom in utility
construction materializes. In 2002, the Construction Users Roundtable (CURT), surveyed its members and
found that recruitment, education, and retention of craft workers continue to be critical issues for the
industry.'> The average age of the current construction skilled workforce is rising rapidly, and high attrition
rates in construction are compounding the problem. The industry has always had high attrition at the entry-
level positions, but now many workers in the 35-40 year-old age group are leaving the industry for a variety
of reasons. The latest projections indicate that, because of attrition and anticipated growth, the construction

12 These figures represent a simplc average of six regional indices, however, local and regional labor markets con vary
substantially from these national averages.

¥ Confronting the Skitled Construction Workforce Shortage. The Construction Users Roundtable, WP-401, June 2004, p. 1.
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industry must recruit 200,000 to 250,000 new craft workers per year to meet future needs. However, both
demographics and a poor industry image are working against the construction industry as it tries to address
this need."*

There also could be a growing gap between the demand and supply of electrical lineworkers who maintain
the electric grid and who perform much of the labor for transmission and distribution investments. These
workers erect poles and transmission towers and install or repair cables or wires used to carry electricity
from power plants to customers. According to a DOE report, demand for such workers is expected to
outpace supply over the next decade.”® The DOE analysis indicates a significant forecasted shortage in the
availability of qualified candidates by as many as 10,000 lineworkers, or nearly 20 percent of the current
workforce. As of 2005, lineworkers carned a mean hourly wage of $25/hour, or $52,300 1per year, The
forecast supply shortage will place upward pressure on the wages eared by lineworkers, '

Shop and Fabrication Capacity

Many of the components of utility projects—including large components like turbines, condensers, and
transformers—are manufactured, often as special orders to coincide with particular construction projects.
Because many of these components are not held in large inventories, the overall capacity of their
manufacturers can influence the prices obtained and the length of time between order and delivery. The
price increases of major manufactured components were shown in Figure 11. While equipment and
component prices obviously reflect underlying material costs, some of the price increases of manufactured
components and the delivery lags are due to manufacturing capacity constraints that are not readily overcome
in the near term.

As shown in Figure 13 and Figure 14, recent orders bave largely eliminated spare shop capacity, and
delivery times for major manufactured components have risen. These constraints are adding to price
increases and are difficult to overcome with imported components because of the lower value of the dollar in
recent years.

The increased delivery times can affect utility construction costs through completion delays that increase the
cost of financing a project. In general, utilities commit substantial funds during the construction phase of a
project that have to be financed either through debt or equity, called “allowance for fund used during
construction” (AFUDC). All else held equal, the longer the time from the initiation through completion of a
project, the higher is the financing costs of the investment and the ultimate costs passed through to
ratepayers,

“rd,p. L.

** Workforce Trends in the Electric Utility Industry: A Report to the United States Congress Pursuant to Section 1101 of the
Energy Policy Act of 2005, U.S. Department of Energy, August 2006, p. xi.

“1d.p. 5.
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Figure 13
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Engineering, Procurement and Censtruction (EPC) Market Conditions

Increased worldwide demand for new generating and other electric infrastructure projects, particularly in
China, has been cited as a significant reason for the recent escalation in the construction cost of new power
plants. This suggests that major Engineering, Procurement and Construction (EPC) firms should have a
growing backlog of utility infrastructure projects in the pipeline. While we were unable to obtain specific
information from the major EPC firms on their worldwide backlog of electric utility infrastructure projects
(i.e., the number of electric utility projects compared with other infrastructure projects such as roads, port
facilities and water infrasiructure, in their respective pipelines), we examined their financial statements,
which specify the financial value associated with their backlog of infrastructure projects. Figure 15 shows
the cumulative annual financial value associated with the backlog of infrastructure projects at the following
four major EPC firms; Fluor Cotporation, Bechtel Corporation, The Shaw Group Inc., and Tyco
International Ltd. Figure 15 shows that the annual backlog of infrastructure projects rose sharply between
2005 and 2006, from $4.1 billion to $5.6 billion, an increase of 37 percent. This significant increase in the
annual backlog of infrastructure projects at EPC firms is consistent with the data showing an increased

worldwide demand for infrastructure projects in general and also utility generation, transmission, and
distribution projects.

Figure 15
Annual Backlog at Major EPC Firms
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The growth in construction project backlogs likely will dampen the competitiveness of EPC bids for future
projects, at least until the EPC industry is able to expand capacity to manage and execute greater volumes of
projects. This observation docs not imply that this market is generally uncompetitive—rather it reflects the
limited ability of EPC firms with near-term capacity constraints to service an upswing in new project
development associated with a boom period in infrastructure construction cycles. Such constraints,
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combined with a rapidly filling (or full) queue for project management services, limit incentives to bid
aggressively on new projects.

Although difficult to quantify, this lack of spare capacity in the EPC market will undoubtedly have an
upward price pressure on new bids for EPC services and contracts. A recent filing by Oklahoma Gas &
Electric Company (OG&E) seeking approval of the Red Rock plant (a 950 MW coal unit) provides a
demonstration of this effect. In January 2007, OG&E testimony indicated that their February 3, 2006, cost
estimate of nearly $1,700/kW had been revised to more than $1,900/kW by September 29, 2006, a 12-
percent increase in just nine months. Maore than half of the increase (6.6 percent} was ascribed to change in
market conditions which “reflect higher materials costs (steel and concrete), escalation in major equipment
costs, and a significant tightening of the market for EPC contractor services (as there are relatively few
qualified firms that serve the power plant development market).”"” In the detailed cost table, OG&E
indicated that the estimate for EPC services had increased by more than 50 percent during the nine month
period (from $223/kW to $340/kW).

Summary Construction Cost Indices

Several sources publish summary construction cost indices that reflect composite costs for various
construction projects. Although changes in these indices depend on the actual cost weights assumed e.g.,
labor, materials, manufactured components, they provide useful summary measures for large infrastructure
project construction costs.

The RSMeans Construction Cost Index provides a general construction cost index, which reflects primarily
building construction (as opposed to utility projects). This index alsa reflects many of the same cost drivets
as large utility construction projects such as stecl, cement and labor. Figure 16 shows the changes in the
RSMeans Construction Cost index since 1990 relative to the general inflation rate. While the index rose
slightly higher than the GDP deflator beginning in the mid 1990s, it shows a pronounced increase between
2003 and 2006 when it rose by 18 percent compared to the 9 percent increase in general inflation.

'" Testimony of Jesse B. Langston before the Corporation Commission of the State of Oklahoma, Cause No. PUD
200700012, January 17, 2007, page 27 and Exhibit JBL-9.
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Figure 16
RSMeans Historlcal Construction Cost Index
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The Handy-Whitman Index® publishes detailed indices of utility construction costs for six regions, broken
down by detailed component costs in many cases. Figures 17 through 19 show the evolution of several of
the broad aggregate indices since 1991 compared with the general inflation index (GDP deflator).’® The
index numbers displayed on the graphs are for January 1 of each year displayed.

Figure 17 displays two indices for generation costs: a weighted average of coal steam plant construction
costs (boilers, generators, piping, etc.) and a stand-alone cost index for gas combustion turbines.

As seen on Figure 17, steam generation construction costs tracked the general inflation rate fairly well
through the 1990s, began to rise modestly in 2001, and increased significantly since 2004. Between January
1, 2004, and January 1, 2007, the cost of consiructing steam generating units increased by 25 percent—more
than triple the rate of inflation over the same time period. The cost of gas turbogenerators (combustion
turbines), on the other hand, actually fell between 2003 and 2005. However, during 2006, the cost of a new
combustion turbine increased by nearly 18 percent—roughly 10 times the rate of general inflation.

1% Jsed with permission. See Handy-Whitman® Bulletin, No. 165 for detailed data breakouts and regional values for six
regions: Pacific, Plateau, South Central, North Central, South Atlantic and North Atlantic. The Figures shown reflect
simple averages of the six regions.
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Figure 17
National Average Generation Cost index
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Figure 18 displays the increased cost of transmission investment, which reflects such items as towers, poles,
station equipment, conductors and conduit. The cost of transmission plant investments rose at about the rate
of inflation between 1991 and 2000, increased in 2001, and then showed an especially sharp increase

between 2004 and 2007, rising almost 30 percent or nearly four times the annual inflation rate over that
pericd.

Figure 18
National Average Transmission Cost Index

L T R

I e T e -

L e e T

Transmission Plant

=100)
z
|
I
|
I
I
I
|
I
I
|
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
|
I
|
I
I
I
I
I
I
I
I
|
I
I
|
I
|
I
|

T e i e e P S -

L e ¥ e e e

GDF Deflator
P — - —m e T e e ———— == -

Index (1991

Mt e T -

90 T T T T T T T T T T T T T T y T
1991 1992 1993 1004 1995 19%; 1897 1598 1999 1068 2001 2002 2003 2004 2005 2606 2007

Year
Sources: The Handy Whitmand) Bulletin, Na. 165, and the 1.5, Buresu of Economic Analysis.
Simple average of all regional transmission cost indices.

Vs



Case No. 06-1358-EL-BGN
Exhibit DAS-8
Page 33 of 37

Rising Utility Construction Costs: Sources and Impacts

Figure 19 shows distribution plant costs, which include poles, conductors, conduit, transformers and meters.
Overall distribution plant costs tracked the general inflaiion rate very closely between 1991 and 2003,

However, it then increased 34 percent between January 2004 and Januvary 2007, a rate that exceeded four
times the rate of general inflation.

Figure 19
Natlonal Average Distribution Cost Index
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Sowrces: The Handy-Whitmm© Bulletin, Mo, 165, and the U.S, Bireay of Economic Analysis,
Simple average of all regional distribition cost indices.

Comparison with Energy Information Administration Power Plant Cost Estimates

Every year, EIA prepares a long-term forecast of energy prices, production, and consumption (for electricity
and the other major energy sectors), which is documented in the Arnual Energy Outlook (AEQ). A
companion publication, Assumptions to the Annual Energy Outlook, itemizes the assumptions (e.g., fuel
prices, economic growth, environmental regulation) undetlying EIA’s annual long-term forecast. Included
in the latter document are estimates of the “overnight” capital cost of new generating units (i.e., the capital
cost exclusive of financing costs). These cost estimates influence the type of new generating capacity
projected to be built during the 25-year time horizon modeled in the AEO.

The EIA capital cost assumptions are generic estimates that do not take into account the site-specific
characteristics that can affect construction costs significantly.'” While EIA’s estimates do not necessarily
provide an accurate estimate of the cost of building a power plant at a specific location, they should, in
theory, provide a good “ballpark” estimate of the relative construction cost of different generation

" EIA does incorporate regional multipliers to refleet minor variations in construction costs based on labor conditions.
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technologies at any given time. In addition, since they are prepared annually, these estimates also should
provide insight into construction cost trends over time.

The EIA plant cost estimates are widely used by industry analysts, consultants, academics, and
policymakers. These numbers frequently are cited in regulatory proceedings, sometimes as a yardstick by
which to measure a utility’s projected or incurred capital costs for a generating plant. Given this, itis
important that EIA’s numbers provide a reasonable estimate of plant costs and incorporate both
technological and other market trends that significantly affect these costs.

We reviewed EIA’s estimate of overnight plant costs for the six-year period 2001 to 2006. Figure 20 shows
EIA's estimates of the construction cost of six generation technologies—combined-cycle gas-fired plants,
combustion turbines (CTs), pulverized coal, nuclear, IGCC, and wind—over the period 2001 to 2006 and
compares these projections to the general inflation rate (GDP deflator). These six technologies, generally
speaking, have been the ones most commonly built or given serious consideration in utility resource plans
over the last few years. Thus, we can compare the data and case studies discussed above to EIA’s cost
estimates.

Figure 20
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The general pattern in Figure 20 shows a dramatic change in several technology costs between 2001 and
2004 followed by a stable peried of growth until 2006. The two exceptions to this are conventional coal and
IGCC, which increase by a near constant rate each year close to the rate of inflation throughout the period.
The data show conventional CC and conventional CT experiencing a sharp increase between 2001 and 2002.
After this increase, conventional CC levels off and proceeds to increase at a pace near inflation, while
conventional CT actually drops significantly before 2004 when it too levels near the rate of inflation. The
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pattern seen with nuclear technelogy is near to the opposite. It falls dramatically until about 2003 and then
increases at the same rate as the GDP deflator. Lastly, wind moves close to inflation until 2004 when it
experiences a one-time jump and then flattens off through 2006,

These patterns of cost estimates over time contradict the data and findings of this report. Almost every other
generation construction cost element has shown price changes at or near the rate of inflation throughout the
early part of this decade with a dramatic change in only the last few years. EIA appears to have reconsidered
several technology cost estimates {or revised the benchmark technology type) in isolation between 2001 and
2004, without a systematic update of others. Meanwhile, during the period that overall construction costs
were rising well above the general inflation rate, EIA has not revised its estimated capital cost figures to
reflect this trend.

FIA’s estimates of plant costs do not adequately reflect the recent increase in plant construction costs that
has occurred in the last few years. Indeed, EIA itself acknowledges that its estimated construction costs do
not reflect short-term changes in the price of commodities such as steel, cement and concrete.”® While one
would expect some lag in the EIA data, it is troubling that its most recent estimates continue to show the
construction cost of conventional power plants increasing only at the general rate of inflation. Empirical
evidence shows that the construction cost of generating plants—both fossil-fired and renewable—is
escalating at a rate well above the GDP deflator. Even the most recent EIA data fail to reflect important
market impacts that are driving plant construction costs, and thus do not provide a reliable measure of cutrent
or gxpected construction costs.

* Annual Energy Outlook 2007, U.S. Energy Information Administration, p. 36.
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4 Conclusion

Construction costs for electric utility investments have risen sharply over the past several years, due to
factors beyond the industry’s control. Increased prices for material and manufactured components, rising
wages, and a tighter market for construction project management services have contributed to an across-the-
board increase in the costs of investing in utility infrastructure. These higher costs show no irmmediate signs
of abating.

Despite these higher costs, utilities will continue to invest in baseload generation, environmental controls,
transmission projects and distribution system expansion. However, rising construction costs will put
additional upward pressure on retail rates over time, and may alter the pace and composition of investments
going forward. The overall impact on the industry and on customers, however, will be borne out in various
ways, depending on how utilities, markets and regulators respond to these cost increases. In the long run,
customers ultimately will pay for higher construction costs—either directly in rates for completed assets of
regulated companies, less directly in the form of higher energy prices needed to attract new generating
capacity in organized markets and in higher transmission tariffs, or indirectly when rising construction costs
defer investments and delay expected benefits such as enhanced reliability and lower, more stable long-term
electricity prices.
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BACKGROUND AND WORK EXPERIENCE

Please State Your Name and Address for the Record.

My name is Richard C. Furman. My address is 10404 S.W. 128 Terrace,
Perrine, Florida 33176.

What Is Your Occupation?

I am a retired consulting engineer, and I volunteer my time to advise utilities,
government agencies, environmental groups and the public about the potential
benefits of using coal gasification technologies. I have testified in previous
permit hearings for proposed coal plants concerning emission control
technologies, applicable emission regulations and alternative techmologies
concerning Mercury, NOy, 8Q;, particulate and CO, emissions and their
associated costs.

How Long Have You Been Retired?

Since February 2003.

What Was Your Occupation Before You Retired?

During my entire engineering careef, I have worked on new energy
technologies, alternative fuels for power plants, and pollution control for power
plants. Prior to my retirement, I was an independent consulting engineer for 22
years to various utility companies, government agencies, process developers and
research organizations on the development, technical feasibility and application
of new energy technologies and alternative fuels for power plants.

What Did You Do Before You Were An Independent Consulting Engineer?
Prior to my work as a consulting engineer, | managed Florida Power & Light’s

coal conversion program and fuels research and development program, which
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included the first conversion of a 400 megawatt (400MW) power plant from oil
to a coal-oil mixture to reduce oil consumption after the second oil embargo.
Prior to this, I directed the engineering study for the conversion of New England
Electric’s Brayton Point Power Plant, which was the first major conversion of a
power plant from oil to coal after the first oil embargo.

My first engineering job was working for Southern California Edison
Company to thodify their power plants for two-stage combustion to reduce
nitrogen oxide emissions in 1969,

Please Summarize Your Formal Education.

I received my B.S. in Chemical Engineering from Worcester Polytechnic
Institute in 1969 and a M.S. in Chemical Engineering from Massachusetts
Institute of Technology in 1972. 1 was a researcher at MIT for the book entifled

New Energy Technologies by Hottel and Howard. After researching for ihis

book, I decided to do my Master’s thesis on coal gasification because of its
potential as a future energy source and its environmental benefits. My Master’s
thesis at MIT was entitled Technical and Economic Evaluation of Coal
Gasification Processes. I was also a teaching assistant at MIT for the courses of

Principles of Combustion and Air Pollution and Seminar in Air Pollution

Control. A copy of my resume is attached as Exhibit RCF-1.

How Docs Your Education and Experience Prepare You to Provide Expert
Testimony in this Case?

Both my education and work have required an in-depth understanding of past,
present and new forms of energy technologies that can be used for power plants.
My education and work experiences also involved an in-depth understanding of

all the various fuels for power plants including the different types of coals, fuel
2
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oils, natural gas, petroleum coke, synthesis gas, hiomass and refinery wastes.
My graduate education and subsequent work experiences have provided me
with a detailed understanding of the techniques and costs for controlling power
plant pollution including mercury, NOy, SO3, CO, particulate matter and CO;
emissions. My prior work for 3 major electric utility companies allowed me to
make use of this knowledge to help develop and utilize new fuels and emission
control technolbgies for power plants. My current volunteer experience allows
me to keep informed about the latest developments in new energy technologies,
coal gasification fechnologies, fuels for power plants, techniques for controlling
power plant emissions, costs associated with the application of these
technologies for power plants and the development of new technologies that
may be applicable to power plants.

SUMMARY OF TESTIMONY

What Is Your Expert Opinion About the Proposed Pulverized Coal Plant?
The proposed pulverized coal (PC) plant does not represent the minimum
adverse environmental impact, considering the state of available technology and
the nature and economics of the various alternatives. My testimony shows that
an IGCC plant can climinate between 40 and 93% of the various air pollutants
that the proposed PC plants will emit. Various studies have shown that IGCC
plants can capture CQO, at much lower costs than pulverized coal plants. My
testimony shows how an IGCC plant can provide electricity at a lower cost than
a PC plant. Many utilities around the country are choosing IGCC plants due to
IGCC’s much lower emissions of all pollutants and its capability to capture
COa.

The proposed pulverized coal (PC) plant does not serve the public interest,

3
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convenience and necessity due to the adverse risks that these PC plants have

for significant increases in costs and water consumption to meet future

environmental regulations. My testimony shows that, in comparison to a

pulverized coal plant, IGCC technology allows for the production of power

from coal with significant fewer environmental impacts, and provides the best
option for CO2 emissions reduction on a coal power plant. Studies by the US
Department of Energy, US Environmental Protection Agency, the Electric Power
Research Ipstitute, major universities and the electric power industry’s
engineering firms have concluded that both capital costs and the cost of
electricity are lower for IGCC technology with C02 capture than for any other
coal based generating technology.

The propased pulverized coal (PC) plants do not incorporate the
maximum feasible water conservation practices. After considering the available
technologies and the nature and economics of the various alternatives my
testimony shows that the proposed design for the AMPS-Ohio plants will
consume 55% more water than the same size IGCC plant. If CO2 capture is
required the water consumption for the proposed AMPS-Ohio plant will likely be
200% higher than an IGCC plant with CO2 capture. These are
significant additional financial and environmental risks caused by the proposed
PC plants.

1GCC’s advantage arises from the fact that the C02 and other pollutants
are captured prior to combustion. This allows the removal from the much
smaller volume of syngas prior to combustion rather than the much

larger volume of flue gas after combustion. Prior to combustion the syngas is
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under high pressure and does not contain the large guantities of atmospheric
nitrogen that is present in the post-combustion flue gas. Both of these factors make
the volume of the flue gas more than 100 times larger than the volume of the
syngas. The equipment nccessary for emission controt on an IGCC unit is smaller
because there is a small volume of gas to be processed relative to post combustion
flue gas.

Various studies have shown that CO2 capture would be less costly from an
IGCC plant than from a PC plant.  The most recent and comprehensive studies
on CO2 capture and storage are:

The Future of Coal, by the Massachusetts Institute of Technology (MIT),

published in April 2007 and the Cost and Performance Baseline for Fossil
Energy Plants, by the Departiment of Energy’s (DOE) National Energy
Technology Laboratory (NETL), published on May 15, 2007. This NETL study
shows that CO2 capture and storage will increase the cost of electricity by 85%
for the AMPS-Ohio plant (Sub-critical PC design). This same study indicates that .
CO2 capture and storage will increase the cost of electricity by 32% for an IGCC
plant. This much higher cost for CO2 capture from the proposed AMPS-Ohio
plant is a significant financial risk.

For IGCC plants, the processes and technology required to capture CO2 from
syngas are known and currently being used commercially at numerous industrial,
non-power generation gasification facilities around the world. In addition, the
processes and technology required to inject CO2 into dt‘sep geologic formations
are also currently being used at several sites, including the Dakota Gasification
Plant in Beulah, North Dakota, which currently sells over 1 million tons per year

of CO2 for use in enhanced oil recovery.
| 5
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While it is true that there are no operating IGCC power plant facilities currently
capturing CQ; for geologic injection , alt of the technical issues associated with
CO; capture and injection at an IGCC power plant have been commércially
demonstrated at other, non-power plant gasification facilities. Installation of CO2

capture equipment at IGCC plants has not occurred due primarily to the cost of the
equipment, the impact to the unit’s operation and the belief that there is no regulatory
requirement to control CO2 emissions.

No method of CO; capture is commercially available or economically viable for
the proposed pulverized coal power plants. Research & Development (R&D) has
only started on technology that may be capable of capturing COz from Pulverized
Coal (PC) plants. It will take many years before these R&D projects determine if
these new technologies are technically and economically feasible at commercial
scale.

The recent DOE report Cost and Performance Baseline for Fossil Energy
Plants, by the NETL, May 15, 2007 shows that the proposed design for the AMPS-
Ohio will consume 55% more water than the same size IGCC plant. This study also
indicates that if CO2 capture 13 required the water consumption for the proposed
AMPS-Ohio plant will require 200% more water than an IGCC plant with CO2
capture. These are significant additional financial and environmental risks caused by
the proposed PC plants.

My testimony presents comparisons of recent permit applications for IGCC
plants versus the proposed AMPS-Ohio PC plants that show significantly lower
emisstons for the IGCC plants. My testimony also presents comparisons of recent
permit applications for other PC plants versus the proposed AMPS-Ohio PC plants

that show lower emissions for the other PC plants. Therefore the proposed AMP-
6
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Ohio plant does not have the m

inimum adverse environmental impact possible.

Commercial IGCC plants ﬁave been in operation in the U.S. for more than 10

years. Chuck Black, the presic
Magazine (N ovember 2006) as
we count on it and use it ever
approximately 130 gasification
steam, hydrogen and other che
seventeen are IGCC plants. TI
MW!(net) and have almost oné
The Great Plains Synfuels
synthetic natural gas (SNG). S
its CO; and transporting it 205
underground in connection ﬁrii
0O can be captured, compres

plant for geologic injection.

{ent of Tampa Electric Company, was quoted in Time
saying “it’s our least cost-generating resources, so
¥ day as part of our system”. Today there are

1 plants worldwide that produce fertilizers, fuels,
micals, and electricity. Of these 130 plants,

hese IGCC plants have a capacity of about 4,000
million hours of operation.

Plant has been gasifying coal since 1984 to produce
yince 2000 this gasification plant has been capturing
miles by a new pipeline where it is injected

h enhanced oil recovery. This demonstrates that

sed, and transported from a commercial gasification

The Eastman Chemical Company has been removing the mercury from their

gasification plant for more than 20 years. Recent testing indicates that the mercury

levels in the cleaned gas are at

non-detectable levels. This level of mercury

removal can not be obtained from PC plants.

IGCC plants are capable of using lower cost fuels including petroleum coke

(petcoke), biomass wastes and

renewable energy crops.

IGCC plants produce less solid wastes and less potential for ground water

contamination than the propos
PULVERIZED COAL C

TECHNOLOGIES

cd pulverized coal plant.

OMBUSTION AND GASIFICATION
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What are the Differences Between Combustion and Gasification?

It is important to understand the difference between combustion which is used
in a coal power plant and coal gasification which is used in an IGCC plant.
Exhibit RCF-2 shows the differences between combustion and gﬁsiﬁcation. The
coal boiler operates at 1800 F and atmospheric pressure. The coal gasifier
operates at 2600 F and 40 atmospheres pressure. The flow meters show the
pounds of material that need to be processed for the same amount of electricity.
Prior to gasification the nitrogen is separated from the air and the oxygen alone
is used in the gasifier. Therefore for the same amount of clectricity the gasifier
produces 173 pound of synthesis gas versus 1000 pounds of exhaust gas from
the boiler. Since the gasifier operates at higher pressuré there is also a much
smaller volume of gas that needs to be treated for pollutants and therefore the
size of the equipment and capital cost is much smaller. The exhaust gas volume
that needs to be treated from a coal boiler is 160 times larger than the volume of
the synthesis gas that can also be cleaned of pollutanis. The form of the
pollutants from the gasifier makes it possible for very efficient recovery of
potential pollutants using proven commercially available equipment that is
operating in the natural gas and petrochemical industries. Proven commercially
available technologies are not presently available for the proposed new coal
boilers for mercury and CO,. This is one of the main reasons that gasiﬁcaﬁon 18
a better option..

What Is Integrated Gasification Combined Cyele (IGCC)?

Integrated Gasification Combined Cycle (IGCC) is the efficient integration of
the coal gasification process with the pre-combustion removal of pollutants and

the generation of electricity using a combined cycle power plant. Due to the

B



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

high pressure and low volume of the concentrated synthesis gas that is produced
it is capable of higher levels of pollutant removal at lower costs than pulverized
coal (PC) combustion.

Exhibit RCF-3 sﬂows the various parts of an IGCC plant that will be

described.

IGCC is a method of producing electricity from coal and other fuels. In
an IGCC plant, coal is first converted to synthesis gas (also called syngas)
composed primarily of hydrogen, carbon monoxide and carbon dioxide. After
removing particulate matter, sulfur, mercury and other poliutants, the cleaned
syngas is combusted in a combined-cycle power plant to produce electricity.

In the first step of the IGCC process, coal is slurried with cither water or
nitrogen and enters the gasifier. It is mixed with oxygen, not air, which is
provided to the gasifier from an air separation unit. The coal is partially
oxidized at high temperature and pressure to form syngas. The syngas leaves
the gasifier, while the solids are removed from the bottom of the gasifier. The
operating conditions in the gasifier vitrify the solids. In other words, the solids
are encased in a glass-like substance that makes them less likely to leach into
groundwater when disposed of in a landfill as compared to solid wastes from a
conventional coal plant.

After leaving the gasifier, the syngas undergoes several clean-up
operations. Particulate matter is removed. Next, a carbon bed can be used to
take out mercury. Finally, sulfur (in the form of H2S) is removed from the
syngas in a combination of steps that usually involve hydrolysis followed by an

adsorption operation using MDEA (methyldiethanolamine) or Selexol. The
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H2S that is removed from the syngas is converted into commercial-grade snlfur
or sulfuric acid which are sold as byproducts.

The clean syngas enters a combustion turbine where it i1s burned to produce
electricity. The heat from the cxhaust gases is captured in a heat recovery steam
generator (HRSG) and the resulting steam is used to produce more electricity.
The combustion turbine, combined with the HRSG, is the same configuration
commonly used for natural gas combined cycle (NGCC) plants. In Europe and
Japan, some IGCC units have installed selective catalytic reduction (SCR) to
control nitrous oxides (NOy) emissions from the turbine, but in the United
States, NO, emissions at existing IGCC plants have been reduced with diluent
injection only. The majority of recent final permits for IGCC plants in the U.S.
have included SCR for lower NOx emissions. (Source: Air
Construction/Prevention of Significant Deterioration Permit Application for
Tampa Electric Polk Unit #6, prepared by Environmental Consulting &

Technology, September 2007, Table 5-2).

What are the Other Advantages of Using Gasification Plants?
Gasification, which is also called Partial Oxidation, can use a wide range of
fuels and can produce a wide range of products as shown in Exhibit RCF-4.

The fuel flexibility of gasification is demonsirated by its ability to use all
types of coal, petroleum coke, biomass, refinery wastes, and waste materials.
The synthesis gas that is produced consists of mainly carbon monexide (CO) -
and hydrogen (H2) which are used as the raw materials to produce (or synthesis)
a wide range of chemicals. This synthesis gas can also be used as fuel directly

for a combined cycle power plant called an IGCC (Integrated Gasification
10
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IV,

Combined Cycle) plant. It can be further processed in a shift reactor to produce
hydrogen and carbon dioxide (COz). The hydrogen can be used as a fuel or
used to improve fuel quality in a refinery. The CO; can be used for enhanced
oil recovery to produce addition oil from aging oil fields. This demonstrates the
wide range of products that can be produced by gasification. The production of
multiple products from a single plant is called polygeneration. Economic
analyses have indicated that polygeneration of fuels, chemicals and electricity
improves the profitability of gasification plants.
COST OF ELECTRICITY FROM PULVERIZED COAL AND IGCC
PLANTS (With and Without CQ2 Capture)
What Do the Most Recent Studies Conclude About the Cost of Electricity
from New IGCC Plants and New Pulverized Coal Plants?

The most recent and comprehensive studies on the costs of electricity
from new IGCC plants and new PC plants are:

The Future of Coal, by the Massachusetts Institute of Technology (MIT),

April 2007 and Cost and Performance Baseline for Fossil Energy Plants, by the

Department of Energy’s (DOE) National Energy Technology Laboratory

(NETL), May 15, 2007.

Exhibit RCF-5 is from the MIT Report The Futﬁre of Coal. This exhibit
shows the relative cost of electricity (COE) from PC and IGCC plants both
without and with CO2 capture. To validate their study the MIT report
compared their results with the COE estimates from three other sources and
summarized the results as shown in Exhibit RCF-5. This MIT exhibit uses the
PC plant without CO2 capture as the reference case at a value of 1.0. This |

exhibit shows that MIT’s COE from an IGCC plant is only 5% higher than the
11
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COE from a PC plant. Therefore the significant emission reductions by using
IGCC will only increase the cost of electricity production by 5%. It should be
noted that this comparison is without CO2 capture and using Illinois #6
Bituminous coal for both cases. Exhibit RCF-5 also shows that when CO2

" capture is considered, the COE produced by the PC plant is increased by 60%
while the COE produced by the IGCC plant is only increased by 30%.

IGCC plants are capable of using lower cost fuels including petroleum
coke (petcoke), biomass wastes and renecwable energy crops. PC plants are
limited to only small amounts of these lower cost fuels due to their combustion

characteristics. The Cost of Electricity (COE) can be reduced significantly by
utilizing lower cost fuels for the IGCC plants.
Do Other Studies Confirm this Conclusion of Significantly Lower Costs for
Capturing CO; in IGCC Plants than PC plants?
Yes.

Exhibit RCF-5 shows the results of studies performed by the
Gasification Technology Council (GTC), American Electric Power (AEP) and
General Electric (GE) which all show that IGCC plants will be more cost
effective than PC plants when carbon reductions are required. IGCC plants are
capable of capturing CO; at much lower costs than pulverized coal plants.

Exhibit RCF-6 is from the recent Department of Energy’s (DOE)

National Energy Technology Laboratory (NETL) report Cost and Performance

Baseline for Fossil Energy Plants, May 15, 2007. This exhibit shows the

levelized cost of electricity for IGCC, PC and natural gas combined cycle
(NGCC) plants without and with CO2 capture and sequestration. The proposed

AMPS-Ohio plant would be classified as Subcritical PC and this exhibit shows
12
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the COE without carbon capture and sequestration (w/o CCSj and with carbon
capiure and sequestration (w/ CCS).
This exhibit shows that without CCS the PC plants have the lowest COE. The
disadvantages of these PC plants are their significantly higher emissions and much
higher costs for CCS. Exhibit RCF-6 indicates that CO2 capture and storage will
increase the cost of electricity by 85% for the AMPS-Ohio plant (Subcritical PC
design). This same study indicates that CO2 capture and storage will increase the
cost of electricity by 32% for an IGCC plant. This much higher cost for CO2
capture from the proposed AMPS-Ohio plant is a significant financial risk.
The capture, transport and injection of CQO; is being doneon a
commercial scale at the Great Plains Synfuels Plant which will be described in later
testimony. CO?2 capture from coal derived syngas is a commercially proven
process that has been used for decades in gasification plants around the world. This
technology can be applied to IGCC units to remove CO2 from the syngas prior to
use in the combustion turbine. |
No method of CO; captui'e is commercially available or economically

viable for the proposed PC power plants. PC plants will have to capture the CO2
from the flue gas stream, which will require much lafger and more expensive
equipment to capture the CO2 than IGCC technology. Research & Development
(R&D) has only started on technology that may be capable of capturing CO2 from
PC plants. Tt will take many years before these R&D projects determine if these
new technologies are technically and economically feasible.

The Chilled Ammonia Process that is one of the proposed methods for

capture of CO2 from PC plants has been evaluated by DOE/NETL. (Source:

Chilled Ammonia-based Wet Scrubbing for Post-Combustion CO2 Capture,
13
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DOE/NETL~401/021507, February, 2007). NETL has already discontinued
funding of future development of this process. NETL s testing and evaluations
have indicated that this process is not capable of reaching the goals of technical and
economic feasibility for commercial operation. For gasification plants the
technology is already in commercial operation for COz capture, transportation and
injection.

Due to the future requirements to capture CO2 and the more stringent
emission limits for other emissions, the IGCC plants will be less expensive to
operate in the future. The net result of selecting the IGCC plant, rather than a
pulverized coal plant, is lower environmental impact now and lower cost
electricity in the future.

Have the Environmental and Health Costs Associated with the Emissions
from Electric Generation been Determined for IGCC and PC Plants?
Yes.

Since the emissions from a PC plant are presently allowed to be
significantly higher than an IGCC plant any economic analysis should include the
environmental and health gosts associated with these higher emissions.

Exhibit RCF-7 compares the economic impact associated with the
higher emissions from PC plants than IGCC plants. Using published data on the

environmential and health costs associated with the emissions of PM, 502 and
NOx this table compares the economic costs for [GCC and PC plants for
their current emission levels. Exhibit RCF-7 shows that when the costs for the
higher emissions are included, the true cost of electricity is less for the IGCC

plant.
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Have You Compared the Cost of Electricity Produced from a New IGCC
Plant using Petroleum Coke with the Cost of Electricity from a New
Pulverized Ceal Plant using Bituminons Coal?

Yes.

I prepared Exhibit RCF-8 which shows that the costs of electricity for
the three types of Pulverized Coal (PC) plants are higher than the cost of
clectricity for an IGCC plant using Petroleumn Coke (PetCoke) in Florida. The
Florida location was selected for comparison because of the proposed PC plants
that were being planned in Florida and the availability of petcoke costs
delivered to the commercial IGCC plant at Tampa Electric. Exhibit RCF-8
shows that although the IGCC plant has a higher capital cost than the PC plants
it has a significantly lower fuel cost when using petcoke. Petroleum coke is the
byproduct of a refinery process used to drive-off lighter hydrocarbons from
heavy residual oil. Solid petroleum coke is what is left behind. The U.S.
petroleum refineries produce over 43 million tons per year of fuel-grade petcoke
that can be used by IGCC plants. This petcoke can provide over 17,000 MW of
new generating capacity in the U.S. At the present time most of this petcoke is
exported to other countries that allow the higher emissions of SO, that petcoke
produces. The use of petcoke in PC plants is usually limited to a maximum of
20% petcoke due to combustion and emission limitations. However IGCC can
use 100% petcoke and make use of this lower cost fuel. The average price of
petcoke for the past 20 years has been about half of the cost of coal. IGCC
plants can effectively remove the sulfur from petcoke and sell it as a valuable
byproduct. Therefore an IGCC plant utilizing petcoke is a lower cost alternative

to a pulverized coal plant. For the past 10 years Tampa Electric has been using
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petcoke in their 250 MW IGCC plant. Tampa Electric’s President Chuck Black
was recently quoted as saying: “it’s our least cost-generating resource, so we
count on it and use it every day as part of our system” in the November 2006
1ssue of Time Magazine, Inside Business.

Three companies have recently announced that they plan to build
petcoke IGCC plants. These are the BP Carson IGCC plant in California, the
Hunton IGCC plant in Texas and the TransCanada IGCC plant in

Saskatchewan, Canada.

The sources of data for Exhibit RCF-8 - Cost of Electricity Comparison
Chart for Florida are:

1. Capital, O&M and all non-fuel costs are based upon: Department of

Energy/NETL Presentation, Federal IGCC R&D: Coal’s Pathway to the

Future, by Juli Klara, presented at GTC, Oct. 4, 2006.

2. Efficiencies and fuel consumption calculations are based upon: EPA

Final Report, Environmental Footprints and Costs of Coal-Based

Integrated Gasification Combined Cycle and Pulverized Coal

Technologies, July 2006.
3. Fuel costs are based upon: Department of Energy, Energy Information

Administration, Average Delivered Cost of Coal and Petroleum Coke to

Electric Utilities in Florida, 2005 and 2004, and Tampa Electric

Company’s (TECO) data presented at plant tours of Polk Power
Station’s IGCC plant.

Q: Are Any Companies Planning to Use Petcoke With CO2 Capture and
Sequestration?
A: Yes.

British Petroleum (BP) is proposing to build a 500 MW IGCC plant in
16
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the Los Angeles area that will use petroleum coke. This plant will also capture
CO; and use the CO; in enhanced oil recovery (EOR) projects. Exhibit RCF-9
is a diagram of BP’s IGCC project. Hunton Energy has announced a 1,200 MW
IGCC project in the Houston area. The plant will use petroleum coke from a
Valero refinery as fuel under a long-term supply agreement. Hunton Energy has
stated the project will be designed to capture and sequester CO,. The proposed
TransCanada IGCC project will be a polygeneration facility, located in Belle
Plaine, Saskatchewan, Canada, is expected to use petroleum coke as feedstock
to praduce hydrogen, nitrogen, steam and carbon dioxide for fertilizer
production and enhanced oil recovery (EOR), and to generate approximately
300 MW of electricity. This project plans to capture and sequester over five

million metric tons of carbon dioxide annually to increase local oil production.

AIR POLLUTANT EMISSIONS FROM PULVERIZED COAL AND
IGCC PLANTS

Are the Emissions from Pulverized Coal (PC) Plants Significantly Higher
Than IGCC Plants? If So, Explain.

Yes.

Exhibit RCF-10 shows the much lower emissions that are produced from
Integrated Gasification Combined Cycle (IGCC) plants than Super-critical
Pulverized Coal (SCPC) plants. This exhibit is from an Electric Power Research
Institute’s (EPRI) presentation on June 28, 2006. It compares the emissions
levels (in Ib/MWh) that EPRI believes should be obtained by current state-of-
the-art PC, IGCC and natural gas combined cycle (NGCC) plants . The SCPC

plant design was chosen to represent the more efficient design for new PC
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plants, The AMPS — Ohio plant is being proposed with selective catalytic
reduction (SCR) for NOx control. Therefore the relevant comparison from this
exhibit will be the SCPC + SCR plant versus the IGCC + SCR plant. This EPRI
chart indicates that for bituminous coal the IGCC plants will produce:

*  67% less NO

*  93%less S0,

»  40% less soot or fine particulate (PM10)

The potential for future electric cost increases due to future
environmental regulations is less for IGCC because 1GCC plants can control all
emissions more economically than PC plants.
Do Other Recent Studies Show These Significant Differences in Emissions
Between IGCC and PC Plants?
Yes.

Exhibit RCF-11 summarizes an EPA Report, Environmental

Footprints and Costs of Coal-Based Integrated Combine Cvycle and

Pulverized Coal Technologies, US. Environmental Protection Agency, EPA-

430/R-06/006, July 2006. This EPA report compares the emission levels (in
Ib/MMBtu) that EPA believes should be obtained by current state-of-the-art
IGCC and PC plants. This report also demonstrates the lower emissions that

are capable with IGCC plants.

Do Recent IGCC Plants’ Permit Levels and Proposed Permit Levels
Confirm that these Significantly Lower Levels of Emissions can be
Produced in Actual Plants?

Yes.
18
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Exhibit RCF-12 shows a summary of emissions from recent IGCC
permits and proposed permit levels. This table summarizes proposed emission
levels from IGCC plants that have recently received or applied for air permits,
The IGCC plants proposed in the last 12 months have sought to control sulfur
using Selexol, a more effective control strategy than MDEA. These plants
include, AEP in Ohio and West Virgim'a,-Northwest Energy, Tondu, Duke,
ERORA (Illinois and Kentucky). Selexol effectively removes sulfur levels to
between 0.0117 to 0.019 [b/MMBtu heat input into the gasifier.

As this table shows, a majority of IGCC plants that have filed
applications in the last 12 months include selective catalytic reduction (SCR) to
control NOx. These include, Northwest Energy, Tondu, ERORA in Illinois and
Kentucky, and Duke in Indiana The Duke plant includes SCR, but bases
reductions on diluent injection only. Since the preparation of this table the
Taylorville plant now has a final permit and Cash Creek has a draft permit. The
NOy emission rates for SCR controlled IGCC plants is 0.012 - 0.025 Ib/MMBtu
based upon heat into the gasifier.

These trends toward Selexol and SCR adoption are occurring faster than
EPA predicted in its July 2006 report, Environmental Footprints and Costs of
Coal-Based Integrated Gasification Combined Cycle and Pulverized Coal
Technologies. The July 2006 EPA report assumed that MDEA and diluent
injection would be BACT for the near-term. This report was based upon a
“snap shot” of IGCC permits that is out-of-date. As this table shows, the market
has responded with technology faster than the EPA report anticipated.

In deciding which emission rates to compare to the AMPS-Ohio plant’s

proposed emission rates, the highest weight should be placed on recently
19
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proposed IGCC plants because they represent the most current view of IGCC
permit levels. The least weight should be placed on existing IGCC plants and
IGCC plants with permits issued prior to 2003 because they do not represent the
capabilities of current IGCC technology.
What are the Proposed Emission Rates from AMPS-~-Ohio Plant and How
Do they Compare with Recent IGCC Permit Applications?
Exhibit RCF-13 summarizes the range of recently filed air permits for IGCC
plants and compares them to the emission levels proposed in the draft air permit
for the AMPS-Ohio plant. An IGCC plant would have significantly lower
emissions of all pollutants than the proposed AMPS-Ohio.
Exhibit RCF-13 shows that:

An IGCC plant with the Selexol process would emit only 8% to 13% of
the sulfur dioxide of the proposed AMPS-Ohio plant.

An IGCC plant with the SCR process would only emit 17% to 36% of
the nitrogen oxides of the proposed AMPS-Ohio plant.

An IGCC plant would only emit 7% to 42% of the particulate mater of
the proposed AMP-Ohio plant.

An IGCC plant would only emit 10% to 29% of the mercury of the
proposed AMPS-Ohio plant.

An IGCC plant would also be expected fo emit about three-quarters less
CO and significantly less sulfuric acid mist and VOCs than the proposed

AMPS-Ohio plant.

What are the Total Tons per Year of Pollutant Emissions from the AMPS-

Ohio Plant and How Do they Compare with Recent IGCC Permit Applications?
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Exhibit RCF-14 is a comparison of the total tons per year of pollutants;
that the AMPS-Ohio plant (two 480 MW units = 960 MW) would emit under the
Ohio EPA draft air permit and the emissions that a similarly sized IGCC plant
(three 320 MW units = 960 MW) would emit, based on the final permit for the
Taylorville IGCC plant in Illinois. This chart shows the significantly lower
emissions of all pollutants for the Taylorville IGCC plant than the proposed
AMPS-Ohio PC plant.

Exhibit RCF-14 shows that:

The Taylorville IGCC plant will only emit 35% of the nitrogen oxides of
the proposed AMPS-Ohio plant.

The Taylorville IGCC plant will only emit 10% of the sulfur dioxide of
the proposed AMPS-Ohio plant.

The Taylorville IGCC plant will only emit 54% of the particulate mater
of the proposed AMP-Ohio plant.

The Taylorville IGCC plant will only be allowed to emit 66% of the
mercury of the proposed AMPS-Ohio plant but the permit application filed for
the Taylorville IGCC plant indicated that only 10% of the mercury of the
proposed AMPS-Ohio plant would be emitted. The final permit also indicated
that 95% mercury capture would be required.

The Taylorville IGCC plant will only emit 34% of the sulfuric acid mist
of the proposed AMPS-Ohio plant.

The Taylorville IGCC plant will only emit 22% of the carbon monoxide
of the proposed AMPS-Ohio plant.

The Taylorville IGCC plant will only emit 30% of the volatile organic

compounds of the proposed AMPS-Ohio plant.
21
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VL.

What are the Proposed Emission Rates from AMPS-Ohio Plant and How

Do they Compare with Recent PC Permit Applications?

Exhibit RCF-15 compares the proposed permit emission rates
of the AMPS-Ohio plant with two other recently proposed PC plants. These
planfs were selected for comparison because they will be utilizing the same
types of coals and the same types of emission control systems as the AMPS-
Ohio plant.
Exhibit RCF-15 shows that:

These proposed PC plants will only emit 71% of the nitrogen oxides of
the proposed AMPS-Ohio plant.

These proposed PC plants will only emit 27% of the sulfur dioxide of
the proposed AMPS-Ohio plant.

These proposed PC plants will only emit 87% of the particulate mater of
the proposed AMP-Ohio plant.

These proposed PC plants will only emit 47% and 63% of the mercury
of the proposed AMPS-Ohio plant.
TAMPA ELECTRIC COMPANY (TECO) AND IGCC
How Long have Commercial Size IGCC Plants been in Operation in the
U.s.?
Commercial IGCC plants have been in operation for more than 10 years in the
U.S.
Exhibit RCF-16 shows the Polk Power Plant near Tampa, FL which is a
greenfield site and the Wabash Power Plant in Indiana which is a conversion of

an existing plant.
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Tampa Electric Company’s {TECQ) Polk Power Station began operation
in 1996. It produces 250 MW (net) of electricity. It uses a Texaco (now GE)
oxygen-blown gasification system. Power comes from a GE 107FA combined
cycle system. During the summer peak power months, availability is greater
than 90 percent when using back-up fuel.

The Wabash River Coal Gasification Repowering Project in Indiana
began operation in November 1995, It demonstrated the repowering of an
existiﬁg coal plant to IGCC. The plant uses an “E-Gas” oxygen-blown
gasification system which is sold by ConocoPhillips.

For larger size plants, multiple units are being proposed which will
improve system availability and reduce costs by making use of standard,
modular designs.

Have the Utilities Involved with these IGCC Plants Announced Plans to
Build Other IGCC Plant?
Yes.

Tampa Electric Company had announced that they would build an
additional 630 MW IGCC plant at the Polk Power Plant for operation in 201_3.
Tampa Electric started operation of its existing 315 MW(gross)/250MW(net)
IGCC plant in October, 1996 and has recently celebrated its 10th year
anniversary. It is the lowest cost plant to operate on Tampa Electric’s System
and has won numerous environmental awards.

Cinergy was the utility partner that was part of the Wabash IGCC plant.
Cinergy has now merged with Duke Energy. Duke Energy has announced that
they will build a 630 MW IGCC plant to be built at their Edwardsport

Generating Station in Edwardsport, Indiana.
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The Nuon Utility in the Netherlands, Belgium and Germany has been
successfully operating an IGCC plant on coal and biomass for the past 12 years
at about 253 MW. Nuon recently announced that they are building a 1200 MW
plant which will consist of four 300 MW units.

There are 33 IGCC plants being planned in the United States by utilities

and independent power producers. (Source: Tracking New Coal-Fired Power

Plants, by DOE/NETL,October 10, 2007 page 13,

www.netl.doe.gov/coal/refshelf/ncp.pdf)

Has Tampa Electric Recently Deferred their New IGCC Plant?

Yes.. On October 4, 2007 Tampa Electric published a Press Release
with the following statements:

“TAMPA ELECTRIC DEFERS USE OF CLEAN COAL GENERATING UNIT

BEYOND 2013 NEEDS

Company cites financial risk to customers, shareholders from uncertain carbon requirements
Tampa, Florida — Octeber 4, 2007 — Tampa Electric today announced that it no longer plans
to meet its 2013 need for baseload generation through the use of integrated gasificé.tion
combined cycle technology, or IGCC. Primary drivers of the decision announced today include
continued uncertainty related to carbon dioxide (COz2) regulations, particularly capture and
sequestration issues, and the potential for related project cost increases. Because of the
economic risk of these factors to customers and investors, the company believes it should not
proceed with an IGCC project at this time.

The company remains steadfast in its support of IGCC as a critical component of future
fuel diversity in Florida and the nation, and believes the technology is the most environmentally
responsible way to utilize coal, an affordable, abundant and domestically produced fuel. Tampa
Electric is recognized as the world leader in the production of electricity from IGCC. The

company also believes that IGCC technology offers the best platform to capture and then

24


http://www.netl.doe.gov/coal/refsheIf/ncp.pdf

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

sequester COz. Once public policy issues regarding long-term sequestration are resolved,
demonstration projects can be conducted that will lead to a better understanding of thé science,
technologies and economics of sequestration.”
Q:  Has Nuon Recently Announced the Phased Construction of their New
1GCC Plant?
A: Yes.

Nuon recently announced that due to significant construction cost
increases for all major projects and the longer schedule for some major equipment
they now have a two phase construction schedule to build the combined cycle part

in phase 1 and the gasification part in phase 2.

Q: Are Tampa Electric and Nuon confident in the technical feasibility and
significant environmental performance of IGCC plants?
A: Yes.

The announcements from Tampa Electric about their deferral and Nuon
about their phased construction both indicated their confidence in the IGCC technology
and its significant environmental performance. The primary reasons for Tampa Electric’s
decision are uncertainty related to carbon dioxide (COz) regulations, particularly capture and
sequestration issues, and the potential for related project cost increases. The primary reasons

for Nuon'’s decision is project cost increases and scheduling for some major equipment.

VII. REFERENCES TO CONTACT FOR PC AND IGCC PLANTS
Q. What Government Officials and Power Plant Managers are the Most
Informed about the Advantages and Disadvantages of Using PC and IGCC

Technologies for New Power Plants?
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Exhibit RCF-17 shows references that I recommend to be contacted prior to
anyone making a decision on which technology to use for a new power plant.
Each of them have agreed to be contacted to provide their advise concerning

their decision process in evaluating PC and IGCC plants,

VIII. COMMERCIALLY OPERATING AND PLANNED IGCC PLANTS

Q.

Please Describe the Types and Number of Commercially Operating
Gasification Plants.

Exhibit RCF-18 shows the tesults of the 2004 world survey of operating
pasification plants prepared by the Gasification Technologies Council for the
Department of Energy.

Gasification dates back to the 18th century, when “town gas” was
produced using fairly simple coal-based gasification plants. But what we think
of as modern gasification technology dates back to the 1930°s when gasification
was developed for chemicals and fuels production. Today (2007), there are
around 130 gasification plants worldwide that produce fertilizers, fuels, steaﬁ,
hydrogen and other chemicals, and clectricity.  Of these 130 plants, seventeen
are IGCC plants.

How Many Commercially Operating IGCC Plants Are There?

Exhibit RCF-19 shows seventeen (17) commercially operating IGCC
plants. Together, these plants have a capacity of 3,872 MW(net) and have
almost one million hours of operation on syngas. These plants use a variety of
fuels including coal, petroleum coke, biomass, and refinery residues.

Four IGCC plants tend to be the focus of utility interest because they
were designed to use coal: 1) Wabash, Indiana, 2) Polk, Florida, 3) Nuon,

Netherlands, and 4) Elcogas, Spain. These four commercial IGCC plants have
26



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

been operating from 10 to 13 vears. They have successfully integrated the
gasification process with the combinéd cycle power plant to cnable more
efficient use of coal while significantly reducing emissions. These plants range
in size from 250 to 320 MW per unit.

A second set of plants built after Wabash, Polk, Nuon, and Elcogas are
also important in the progression of IGCC. These plants operate at refineries in
Italy. They are: Sarlux 545 MW, Sardinia; ISAB Energy 510 MW, Sicily; Api
Energia 280 MW, Falconara; and Eni Power 250 MW, Ferrera. The first two
demonstrate that IGCC plants can be built at a scale above 500 MW. Three of
the plants were built using non-recourse project financing provided by over 60
banks and other lending institutions. They show that IGCC can be a
commercially bankable technology.

Both the Salux and ISAB Energy plants use more than one gasification
“train” and operate with more than 90 percent availability without a spare
gasifier. The Italian experience with IGCC, while using refinery residucs as
fucl, 1s relevant to discussions of coal-fired or petcoke-fired IGCC, because
essentially the same equipment is utilized in both instances, differing only in the
feed preparation and how solids arc removed.

The first commercial-scale demonstration IGCC plant in the United
States was Southern California Edison's Cool Water Plant located at Barstow,
California. It operated between 1984 and 1989. The plant successfully utilized
a variety of coals, both subbituminous and bituminous, and had a feed of about
1,200 tons/day. The project used an oxygen-blown Texaco gasifier with full

heat recovery using both radiant and convective syngas coolers.
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What is the Status of IGCC Projects and Gasification Projects being
Developed in the North America?

Exhibits RCF-20, 21 and 22 show 57 of the publicly announced IGCC and
gasification projects being developed in North America.

The range of IGCC projects under development in the United States
includes propqsals that would be fueled with petroleum coke, bituminous coal,
subbiturninous coal, and lignite.

A DOE Report lists 33 IGCC projects that are planneﬂ in the U.S. by
utilities and independent power producers. This Department of Energy Report

is Tracking New Coal-Fired Power Plants, by Eric Shuster,

October 10, 2007, page 13 (Source:
bitp://www netl.doe.gov/coal/refshelf/ncp.pdf).
IGCC technology is commercially available from five major companies:

GE, ConocoPhillips, Siemens, Shell and Mitsubishi Heavy Industries (MHI).
The gasification industry has undergone many changes in the past few years that
have given confidence to industry and lenders that IGCC can obtain sufficient
performance warranties to build new IGCC plants. GE, a major company in the
power field, has purchased ChevronTexaco’s gasification business, and has
partnered with Beohtel to offer fully warranted IGCC plants. ConocoPhillips
has purchased the E-Gas technology from Global Energy. Siemens has
purchased the German gasification technology formerly offered by Future
Energy. Shell has partnered with Udhe and Black and Veatch.

What is the Status of IGCC and Gasification Projects that are Presently

Under Development Outside of North America?

Exhibits RCF-23 and 24 are a recent list that shows 26 of the IGCC and
28
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IX.

gasification projects that are being developed outside of North America.
CARBON CAPTURE AND SEQUESTRATION (CCS)

What is the Status of Proposed Power Plants with Carbon Capture &
Sequestration?

Exhibit RCF-25 shows the proposed power projects above 275 MW that
are being designed for CO2 capture and storage. The large majority of these
projects will be using gasification and precombustion removal of CO2. This is
due to the availability of proven commercial capture technology.

Are Carbon Capture Technologies for PC Plants Commercially Available?
No.

Carbon capture technologies for PC plants are not commercially
available. The MIT Report extrapolated the cost and performance for post-
combustion capture of carbon dioxide from PC plants based on a very limited
set of engineering data. Comparisons of this extrapolated data versus the
commercial data that is available for CO2 capture from gasification plants
obscures the fact that CO2 capture from PC plants are not close to commercial
availability. Neither the amine or aqueous ammonia systems for CO2 capture at
PC plants nor oxyfuel firing are close to commercial availability. Significant
additional scale-up, improvements and testing are required for each of these
technologics. The aqueous ammonia technology has been tested at the

laboratory scale by DOE/NETL (Source: Ammonia-based Process for

Multicomponent Removal from Flue Gas”, R&D Facts, DOE/NETL,
September, 2007) and a 1 MW slipstream pilot plant is being planned. Oxyfuel
combustion of pulverized coal is in its infancy, with the largest unit in operation

a mere 1.5 MW (thermal) test facility in Alliance, Ohio {(Source: State of the Art
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of Oxy-Coal Combustion Technology for CO2 Control from Coal-Fired Boilers,

by Farzan, H, et al, Babcock & Wilcox Technical Paper presented to Third
International Conference on Clean Coal Technologies for Our Future, May
2007).

While these technologies should certainly be the subject of continued
research, they are not likely to present real opportunities for carbon capture
from coal use in the near term and should not be used at this time to justify the
construction of new pulverized coal plants.

Other technologies for posti-combustion capture of CO2 from PC plants
have been discussed but at present those technologics remain speculative and
appear to present significant environmental and/or economic challenges (e.g.,
chilled ammonia).

Are Carbon Capture Technologies for IGCC Plants Commercially
Available?

Yes.

Carbon capture technology for IGCC is commercially available and proven. In
contrast to no commercial carbon capture technology for PC plants, IGCC
plants carbon capture is considered a proven and commercially available
technology. The necessary components of a carbon capture system for IGCC
(water-gas shift reactors, acid gas removal systems, and CO2 compression) have
been demonstrated at numerous facilities around the world, including the Great
Plains Synfuels plant in North Dakota where 1 million tons of CO2 per year is
captured from the gasification of lignite coal and used for EOR in Canada

(Sources: The New Synfuels Energy Pioneers by Stan Stelter, Introduction by

Former President Jimmy Carter, published by Dakota Gasification Co.- 2001, A
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subsidiary of Basin Electric Power Cooperative; and Experience Gasifying ND

Lipnite, by Al Lukes, Dakota Gasification Company, The Great Plains Synfuels
Plant, presented at the Montana Energy Future Symposium).

While no existing IGCC plant captures carbon dioxide, indusiry
confidence in the technology is very high. In recent testimony before the Florida
Public Service Comunission, Tampa Electric described the state of carbon
capture equipment from IGCC in these terms: “CO2 capture from syngas is a
commercially proven process that has been used for decades around the

world” (Source:: Tampa Electric’s Petition to Determine Need for Polk Power

Plant Unit 6, Testimony of Mark J. Homick, submitted to the Florida Public
Service Commission on July 20, 2007).

SIZE AND AVAILABILITY OF NEW IGCC PLANTS

Is it Possible to Build Large Size IGCC Plants?

Yes.

Large size plants are being built using modular designs that improve
system reliability, increcase efficiencies and provide fuel flexibility.

The Nuon Utility in the Netherlands, Belgium and Germany has been
successfully operating an IGCC plant on ¢oal and biomass for the past 12 years
at about 253 MW, Nuon recently announced that they are building a 1200 MW
plant which will consist of four 300 MW units. This design shown in Exhibit
RCF-26 requires no additional scale-up from the design of their existing plant
and makes use of readily available combined-cycle plants that have been used
with natural gas. This modular design provides additional system reliability,

increased efficiencics, fuel flexibility and any possible size.
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The standard IGCC unit is now 300 MW. Most manufacturers are
supplying 600 MW plants which consist of two 300 MW units. This is due to
the fact that the gasifiers have been sized to produce the amount of synthesis gas
needed for the 300 MW combined-cycle plants that are already in-service using
natural gas, Therefore the 600 MW units that are being engineered consists of
two units the same size as the existing units that have been operating for the past
10 years. Therefore there is no additional'scale-up required. Any large size
plant can be built by using additional 300 MW units. Three manufacturers have
300 MW IGCC units that have been operating successfully for the last 10 to 13
years. GE states that "IGCC technology can satisfy output re;quirements from 10
MW to more than 1500 MW, and can be applied in almost any new or
repowering project where solid and heavy fuels are available." (Source:
www.gepower.comfprod_serv/broducts/gas_turbines_cc/en/igcc/index)

Have Recent Coal Gasification Plants and IGCC Plants Demonstrated
Reliabilities Above 90% Required by the Utility Industry?
Yes.

A recent Gias Turbine World article reported on the capacity factors of
the more recently built IGCC plants in Italy that utilize refinery waste such as
asphalt as a fuel. As the report notes, the availability of these plants are

between 90% and 94%. ( Source: Refinery IGCC plants are exceeding 90%

capacity factor after 3 years, by Harry Jaeger, Gas Turbine World, January-

February 2006.)
Now GE offers to take on responsibility for everything “From Coal off
the Coal Pile to Electrons on the Grid” by Ed Lowe, GE General Manager of

Gasification (Source: Inside Business, Time Magazine, Naovember, 2006.)
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An additional advantage of an IGCC plant is that it can operate on
various fuels. If the gasifier is out-of service for maintenance the power plant
can sfill operate on natural pas or diesel fuel. This is not possible with a PC
plant which is only designed for coal. Older IGCC plants built in the carly
1990s such as Polk and Wabash that operate without a’ spare gasifier have
demonstrated availabilitics above 85%.

Major vendors of IGCC plants such as GE, Shell and ConocoPhillips
will warrant that new IGCC plants will achieve greater than 90% availability
with a spare gasifier. The economic comparisons conducted for Tampa
Electric’s IGCC plant indicate that it is more cost effective to operate on natural
gas or diesel fuel than to build a spare gasifier to increase plant availability.
Tampa Electric’s IGCC plant has demonstrated reliability to produce electricity
of 95% with their dual fuel capability. This is greater than PC plants that do not
have dual fuel capability. (Source: Tampa Electric’s Presentation of Operating
Results, by Mark Hornick, Plant Manager, presented during plant tours.)

Therefore IGCC plants are being built without a spare gasifier. They
will be able to operate above 90% availability by using their back-up fuel of
either natural gas or diesel.

Reliability énd availability are measures of the time a plant is capable of
producing electricity. Reliability takes into account the amount of time when a
plant is not capable of producing electricity because of unplanned outages.
Availability takes into account the time when a plant is not capable of producing

electricity because of planned and unplanned outages.
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THE GREAT PLAINS SYNFUELS PLANT

Are There Any Commercially Operating Gasification Plants That Are
Capturing CO,?

Yes.

Exhibit RCF-27 shows the Great Plains Synfuels Plant in Beulah, North
Dakota which is a good example of a commercial gasification plant. It began
operating in 1984 and today produces more than 54 billion cubic feet of
Synthetic Natural Gas {(SNG) from 6 million tons of coal per year. If the SNG
from this one plant were used in combined-cycle power plants there would be
enough fuel for more than 1,000MW of generating capacity.

Adjacent to the Great Plains Synfuels Plant is the Antelope Valley
Station which consists of two 440 MW lignite coal power plants that also started
operation on lignite in the early 1980s. |

Both plants are owned by the Basin Electric Power Cooperative. Al
Lukes, Senior Vice President and COO of the Dakota Gasification Company,
presented a paper at the 2005 Gasification Technologies Conference entitled

Experience with Gasifying [ ow Rank Coals which showed the significantly

lower emissions from the coal gasification plant than the coal-fired power plant.
I recently asked Al Lukes which technology he would select today for a power
plant, and he said “definitely the gasification technology”.

Has the Great Plains Syntuels Plant been Able to Commercially
Demonstrate that the CO; from this Coal Gasification Plant can be
Economically Captured and Injected?

Yes.

34



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Carbon dioxide capture, transportation and injection has been operaﬁng

commercially since 2000 at the Great Plains Synfuels Plant. In 2000, the Great
Plains Synfuels Plant added a CO; recovery process to capture the CO2. It
transports the CO; by pipeline 205 miles, as shown in Exhibit RCF-28, to the
Weybum oil fields where it is used for enhanced oil recovery (EOR). In this
way, the CO, does not become a global warming emission source but is sold as
a useful byproduct to recover additional oil from depleted oil fields. Monitoring
of the injected CO; has shown that this injection is effectively containing the
CO2 underground, although there are not specific standards in place addressing
criteria for long-term sequestration. This CO; recovery process is expected to
help extract 130 million extra barrels of oil from this oil field. This
demonstrates the ability to efficiently capture and inject the CO2 from the
gasification process.

XII. WATER CONSUMPTION FOR PC AND IGCC PLANTS

Q. Do IGCC Plants Use Less Water than PC Plant?

A, Yes.

Exhibit RCF-29 shows that an IGCC plant without carbon capture &
sequestration (w/o CCS) uses 4,003 gpm of raw water versus the proposed sub-
critical PC plant design proposed for AMPS-Ohio plant which will consume 6,212

gpm. This DOE/NETL Report shows that the proposed design for the AMPS-Ohio
plants will consume 55% more water than the same size IGCC plant.

Exhibit RCF-29 also shows that an IGCC plant with carbon capture &
sequestration (w/ CCS) uses 4,579 gpm of raw water versus the proposed sub-
critical PC plant design proposed for AMPS-Ohio plant which will consume

14,098 gpm. This DOE/NETL Report shows that the proposed design for the
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AMPS-COhio plants will consume 200% more water than the same size IGCC plant.
These are significant additional financial and environmental risks caused by the
the proposed PC plants.

After considering the available technologies and the nature and
economics of the various alternatives, the proposed AMPS-Ohio PC plants do not
incorporate the maximum feasible water conservation practices.

The lower water usage for an IGCC plant w/o CCS is due mostly to the
fact that a combined cycle power plant is being used which requires less cooling
tower water. A combined cycle power plant consists of both a gas turbine and a
steam turbine for power generation. The gas turbine portion of the power
generation cycle does not require the large quantities of water for cooling that
are needed for the steam turbine cycle. Since a PC plant generates all of its
electricity from the steam turbine cycle it requin;s larger amounts of water.

Combined cycle plants are more energy efficient but require a clean fuel
such as natural gas, diesel, or synthesis gas. The older, less efficient technology
uses only a steam turbine, which must be used for PC plants due to the

contaminants in the combustion products.

XIII. THE BENEFITS OF FUEL FLEXIBILTY FOR POWER PLANTS

Q:

A

What are the Benefits of a Power Plant being Able to Use Different Fuels?
The 1200 MW IGCC Plant to be built by the Nuon Utility in The Netherlands
is a good example of a multi-fuel power plant. This plant is shown in
Exhibit RCF-26. Tt will have the capability of using coal, petcoke, biomass
and natural gas. This plant will be able to respond to changing fuel prices
and availability of these alternative fuels. The coal, petcoke and biomass

can all be gasified to produce syngas for the combined-cycle power plants.
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The biomass capability enables IGCC plants to use various renewable energy
sources that will reduce the emissions of COz2. Initially available biomass can
be used as a lower cost fuel and tﬁen renewable energy crops can be developed
as a new industry,
Adisadvantage of PC plants is that they are only capable of
using coal. Therefore PC plants can not respond to changing market conditions
and changing emission standards without significant increases in costs.
XIV. POWER PLANT EFFICIENCY
Q: What is the Heat Rate and the Efficiency of the Proposed AMPGS?
A: Neither the heat rate nor the efficiency of the proposed AMPGS are provided
but can be calculated from the fuel input (5,191 million Btu per hour) provided on page -
216 of the Draft Permit and from the electrical output (480 MW per unit) provided on
page 1 of the Application for Need. From these two numbers the calculated heat rate
and efficiency for the AMPGS are:
Heat Rate = 10,314 Btu per Kwh
Efficiency = 31.56 %

Although it is not stated in the Application for Need or the Draft Permit, it can
be assumed from this heat rate and efficiency that the AMPGS will be using a sub-
critical PC plant design.

Q:  How Does the Heat Rate and Efficiency of the AMPGS Compare with

Other PC Plant Designs?

A: Exhibit RCF-30 shows the various PC plant designs including sub-critical,
super-critical and ultra-supercritical. These classifications are based upon the steam

conditions that can be produced in these PC plants. The higher the temperature and
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pressure of steam that can be produced then the higher the efficiency of the plant.
Higher efficiency plants will require less fuel and have a lower heat rate. The amount
of fuel used is directly proportional to its heat rate and inversely proportional to its
efficiency . Therefore a 38% efficient super-critical PC plant will use 20% less fuel
than a 31.56% efficient sub-critical PC plant.

The higher efficiency and lower heat rate is very important for two reasons.

- The less fuel used the lower the cost of electricity and the lower the emissions per Kwh

of electricity produced. The currenf emission regulations are based upon pounds of

pollutants emitted per Btu of heat input into the boiler. Therefore appropriate credit is

not currently given for the higher efficiency of some power plant designs. EPA is in

the process of changing their regulations from being based upon a heat input basis to

being based upon an electricity output basis. This will then give appropriate credit to

poﬁer plants with improved efficiencies.

Q: Have Other Studies Recognized the Importance of Power Plant
Efficiencies?

A: Yes.

The Executive Summary from The Future of Coal, by the Massachusetts

Institute of Technology (MIT), April 2007, page xiv, states: “recommending that new
coal units should be built with the highest efficiency that is economically
justifiable™
Q: Does the Higher Capital Cost of the Super-critical PC Plants Increase the
Cost of Electricity by More than its Fuel Cost Savings?
A No. |
Both the M.L.T. Report and the DOE/NETL Study show that the Cost of

Electricity (COE) is less for the Supercritical PC plant than the Sub-critical PC plant.
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This proves that for PC plants the higher efficiency can be economically justified.
Therefore AMPGS should not be specifying low efficiency PC plants since this will
increase the costs of electricity and increase the emissions.
Q: Are the Higher Efficiency Super-critical Plants as Reliable as the Lower
Efficiency Sub-critical Plants?
A Yes.
Exhibit RCF-31 shows that the reliability is comparable for sub-critical
and super-critical PC plants. This comparison is for a significant number of units
within the same siz¢ range and from comparable ages of plants.
Q: Avre Super-critical PC Plants Being Constructed by Most of the Major
Equipment Manufacturers?
A: Yes.
Exhibit RCF-32 lists the various original equipment manufacturers and
a sample of some of the super-critical plants that they have provided with the steam

conditions for these plants.
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