Technical Appendix for 2007 UCS National RPS Analys
Costs and performance assumptions for new power pis

This section describes the changes we made tam#te and performance assumptions for new
electric generating technologies included in thédwal Energy Modeling System (NEMS). We
made these changes to incorporate the resultsofesearch and data from actual and proposed
projects and to more accurately reflect the recest increases in equipment, materials, and
labor that are not included in EIA’s assumptions.

The recent costs increases that are affecting pplaats and other construction projects have
been well documented, including by EIA. For exaeplA’s Annual Energy Outlook 2007
report shows that after following a general dowrdvaend from the 1970’s through 2002, iron
and steel prices increased by nearly 50 percamainterms between 2002 and 2005 (and
additional 22 percent through June 2006), constmchaterials increased by 21 percent or 7
percent per year on average over the same pendd;eanent and concrete prices have followed
similar trends (see Figure). EIA also shows sigaiit real escalation in the cost of oil and gas
drilling and surface mining coal equipment costiiolr has contributed to the recent increases in
fuel prices.
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The cost increases in construction materials, fuad, labor have had a noticeable impact on the
costs of building and operating power plants. Aftdowing a downward trend since the
1970’s, the Handy-Whitman index for electric ugildonstruction shows an average annual cost
increase of 5 percent in real terms between 2062806, which is slightly lower than that of
the overall construction cost index (see FiguEelA claims this is largely due to the power plant



construction boom between 2000 and 2004, when arage of 38 GW per year of mostly
natural gas power plant capacity was added in tise U

Similar indices reported by the Electric Power Reske Institute show an increase in
construction costs for large engineered projectgproximately 4 percent per year from 2003 to
2006 in real terms (see Figure). A report prepamethe Brattle Group provides further support,
showing that the cost of steam generation plaatsimission projects, and distribution
equipment rose by 25 percent to 35 percent betdaeunary 2004 and January 260These

costs increases are evident in data from recemtliydnd proposed projects covering a wide
range of technologies, as shown in two requegprigposals from Puget Sound Energy in 2004
and 2006 (see Figure) and in more detail in the@ecbelow.

Figure 14, Chunges in consiruciion commodily cosis  Figure 15 Additions to eleelricily generalion

andd eleclrie wlilily conslraelion eosls, 19752008 capaci iy in the electrie power geclor, TR90-2050
(oonsland dollar index, 1975=100) (gigawalls, nel simmer copactiy)
I = o = Hi ey P i
150 - Fl it ol ool Feac o
4 ke
1w - Wl o ared ol
"'I’l' -
B0 — ol
} ot Frocl v |1!r|.rrul|!ﬁ':'|-?|1|rr|pi'a-'
m -
&0 - S
m —_
g i

TR N Sl WD 19EE OBNN ENS  SOI0  EEDS  HOE0 NS 300

I Construction Cost Indices

Source: Chemical Engineering Magazine, August 2006

1,350

a
<}
S

———————————— I 1300

IS
@
S

—————————— I 1250

IS
=3
S

r 1200

~
=
S

r 1150

IS
N
=3

r 1100

I
o
=3

r 1,050

Chemical Engineering Plant Cost Index
Marshall & Swift Equipment Cost Index

@
%
S

—————————————— I 1,000

| [l

| |
360 l ‘. T T T 950
Jun-98 Jun-99 Jun-00 Jun-01 Jun-02 Jun-03 Jun-04 Jun-05 Jun  -06

ErrRI | wueros
RESEARCH INSTITUTE

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
0:

s reserved. 1

! For more information see EIA, Annual Energy Ouk@®07, pp. 36-41.
2 Marc W. Chupka and Gregory BasheRising Utility Construction Costs: Sources and &g prepared by the
Brattle Group for the Edison Foundation, Septen2€7.
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While the recent increase in construction, materiahd labor costs for electric generating
technologies is well-documented, there is conshliderancertainty about how long this trend will
continue or whether costs will come back down asliddv trends seen over the past few
decades. This uncertainty is reflected in longateost projections from various electricity
sector and technology experts. Some federal govamhagencies (e.g. EIA, NETL, and NREL),
academic institutions (e.g. MIT), and industry gyee.g. EPRI) that are frequently used as
references for power plant costs have chosen ohitda the recent cost increases in either their
short-term or long-term projections. For exampdeent reports from EIA and MIT have
assumed that the recent cost increases are tHeokshort-term supply constraints and that
costs will likely revert back to long-term trenasthe future. However, others sources such as
Black & Veatch, a global engineering, consultingl @ower plant construction company, and
Standard and Poors, tend to use more conservasugrgtions that reflect the recent increases
in costs seen for recent projects, and assumeadisét will remain at higher levels over time.

Since both outcomes are plausible, we developadgerof assumptions to capture the
uncertainty going forward under two scenarios. THI& case” assumes no changes to the
assumptions used in the Annual Energy Outlook 2@03ion of the National Energy Modeling
System. These assumptions do not include the r@eaease in construction, materials, and

labor costs in either the short-term or the longate The “UCS case” does capture these cost
increases hy:

using cost and performance assumptions for winal, catural gas, and nuclear
technologies developed by Black & Veatch as pa# bfoad stakeholder process for the
U.S. Department of Energy’s National Wind Collakive

using costs and performance assumptions for sggathermal, and biomass technologies
that are more in line with projections by the DOBice of Energy Efficiency and
Renewable Energy and the National Renewable Energgratory (NREL), and

taking into account recent cost increases fromahcionventional and renewable energy
projects.



For each case, we made a concerted effort to adomisistent approach across all technologies.
This is challenging given that different technokgyare at various stages of maturity and
commercial viability and some technologies areenity experiencing supply constraints due to
high demand, while others are not. In additioffedent technologies have different mixes and
types of equipment, materials, and labor that tesuligher or lower cost impacts than other
technologies. We attempted to account for thefferdnces in developing our assumptions,
which are discussed in more detail below for eachrology.

Unless otherwise noted below, both cases use E@nastions for financing costs, capacity
factors, and fuel prices. These variables areaddiulated within the model. Fuel prices vary
somewhat based on the supply and demand for ditféypes of fuel under different scenarios.
Capacity factors also vary based on the relatiomemics and operating characteristics of
different electricity technologies.

In addition, we evaluated the contribution madestages with renewable electricity standards
that fully achieve their annual targets to a natloenewable standard. In AEO 2007, EIA
assumed that states will only achieve a factiotheir annual targets. Our evaluation also
includes several states that adopted new or hgfhedards over the past year that were not
included in AEO 2007.

Below, we describe the cost and performance assonspised for electric generating
technologies in the UCS case and compare thenmetagbumptions from the EIA case.

CONVENTIONAL TECHNOLOGIES
Supercritical Pulverized Coal

Capital costs

Overnight capital costs for the UCS case are basdglack and Veatch’s (B&V) projections for
the DOE National Wind Collaborative and data frastual projects. B&V claims their
projections went through a rigorous internal rev@wacess and are based on data from dozens of
recent projects that are either under construaragoing through the regulatory approval
process. B&V'’s projections are consistent withadatllected by UCS and Synapse Energy
Economics for more than a dozen actual projectit prioposed online years between 2011 and
2014. In the past year, at least six proposept®jhave announced capital cost increases of
30-80 percent compared to their original estimafiésese projects have significantly higher
costs than the generation of plants that have teEmtly built or are currently under
construction (e.g. Weston 4, Nebraska City 2, aodnCil Bluffs).

As shown in the figure below, the capital costaciiial projects are significantly higher than
EIA’s most recent estimate and several other contyrreffierenced sources (MIT, EPRI, EPA,
and NETL). It appears that these sources arengelyn data from plant design studies
completed before the recent run-up in construcgijpment, material, and labor costs. For
example, as discussed in the MIT Future of Coalystu



Total plant costs...were developed during a perioprime stability [2000-2004].These
costs and the deltas among them were well vetteddby accepted, and remain valid in
comparing different generation technologies. Howgesignificant cost inflation from
2004 levels due to increases in engineering andtagtion costs, including labor, steel,
concrete, and other consumables used for powet pbastruction, has been between 25
and 30 percent.

The MIT study goes on to say that that they weteabte to get firm data on how these cost
increases will affect other technologies evaluateitie report so they decided not to include
them. While they also claim that the assumptioay be reasonable for comparing the relative
cost of different generating technologies, it i$ clear that this is the case. For example, Black
& Veatch’s capital costs estimates are approxima@6t70 percent higher than MIT’s and EIA’s
estimates, while B&V’s capital cost estimates fandvpower are only 11 percent higher than
ElA’'s. B&V’s assumptions for coal include owneissts of 20 percent and assume real
escalation until 2015, which could explain soma,rmt all, of the higher cost. Most of the coal
plants illustrated in the figure below also inclumeners costs and real escalation.

Table 1. Supercritical Pulverized Coal Assumptions

UCS Case EIA (2005%)
Overnight $2,115 (2010) $1,285 (2010)
capital cost | $2,173 (2015) $1,268 (2015)
(2005%/kW)
Real 0.5% per year from None
Escalation 2005 to 2015
Learning None, mature 6% reduction by

technology 2030 in AEO 2007

reference case

O&M $34.3/kW-yr fixed | $25.9/kW-yr fixed
(2005%) $1.6/MWh variable| $4.3/MWh variable
Heat Rate 9,200 in 2010 8,783 in 2010
(Btu/kwh) declining to declining to

9,000 in 2020 8,600 in 2019




Capital Costs for new pulverized coal plants (20088W)
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Coal IGCC

Capital costs

3,000
$kW

Reliable cost estimates for producing electricityri coal IGCC plants are very limited. No
projects have been built in the US recently ang émlir projects have been demonstrated in the
US in the 1990s, with mixed success. While coalfgation technology has been demonstrated
fairly extensively in the industrial sector, thephpation of the technology for producing
electricity on a large scale is limited to a hahdfudemonstration plants built in the US in the

1980s and 1990s.

As of October, 2007, 33 coal IGCC projects havenleposed in the US, according to the
DOE National Energy Technology Laboratory (NETO)he cost and performance data for most
of these projects is not publicly available anased largely on optimistic estimates from
vendors vs. actual installations. While we werke &b obtain data from 6 proposed projects,
only four of these projects included data on cépibats. Out of these four data points, the cost



for the proposed Mesaba unit 1 is likely to beriest accurate as it recently went through an
extensive review process and contested case piliagdeefore the Minnesota PUC. This project
has an estimated capital cost of over $3,000 imotuEPC and owners costs, with a total cost of
nearly $3,600/kW including financing, transmissiangd other site costs.

By comparison, B&V assumes overnight capital co§®%2,840/kW (2006$) for a plant with an
in-service date of 2010 and Standard and Poors Y@&fumes capital costs of $2,795/kW for
using eastern coal and $2,925/kW for using westeah from the Powder River Basin. Other
commonly referred to sources such as EIA, MIT, NEdhd IPCC assume capital costs for
IGCC ranging from $1,326-$1,977/kW. As indicatédee, these sources do not reflect all of
the recent escalation in costs, do not include osvoests, and in some cases (e.g. MIT) assume
some cost reductions for the nth of a kind plant.

Therefore, we conservatively use B&V’s projectiowhjch are reasonably consistent with the
estimates from S&P. We believe B&V’s assumptioresssomewhat optimistic as they are below
the $3,000/kW estimated cost of the limited numdfdGCC projects. B&V also assume capital
costs will stayed fixed over time, while EIA’s AEZDO7 reference case includes real capital cost
reductions of 15% by 2030. (Note: larger cost otidns are possible using EIA’s assumptions
under scenarios that include additional IGCC cdpaaiditions).

The S&P report claims that IGCC has “substantiaigher construction and start-up risks
compared with traditional pulverized coal plant3.hey also conclude that federal support
through loan guarantees or tax credits will be pddd launch the first few IGCC units.

Capacity Factor

The UCS case assumes a maximum capacity factdr pé&ent based on B&V and S&P
estimates compared to a maximum capacity of 85epérmder EIA’s assumptions from
AEO2007. According to S&P, while major IGCC suppé have claimed readiness and assume
capacity factors of 85%, no EPC contractor hageffe fixed price turnkey contract with
liquidated damages for cost, time, and performance.

Lead-time
The UCS case assumes a construction lead-timgeof/éars based on Black & Veatch data
compared to EIA’s assumption of four years.

Levelized costs

Using these assumptions, along with EIA’s assumptior fuel costs and financing, results in a
all-in levelized cost of electricity of roughly $88Wh for the UCS case and $48/MWh for the
EIA case for an IGCC plant installed in the yeat 20 We believe these costs are optimistic
even for the UCS case, as they are below the lalnoéthe range of costs from recently
proposed projects. For example, an NRG proposstitio down two units at its Indian River
plant in Delaware and convert the site to a 600 MBEC plant ranked third behind a natural gas
combined cycle plant and an offshore wind projactording to an evaluation completed by
outside consultants for the Delaware Public Ser@ommission (New Energy Opportunities,
2007). The project was reported to have a levélcest of $107/MWh in real 2005 dollars, not
including carbon capture and storage.



Minnesota Department of Commerce testimony betoeeMinnesota PUC indicated that the
Mesaba IGCC proposal in northern Minnesota wouldctalevelized cost of $96-131/MWh
without transmission or carbon capture and stoeamge$155-190/MWh with transmission and
CCS. MidAmerican Energy Holdings recently annouhit&t it had received a reasonably firm
contractual offer for an IGCC plant with carbon wap and storage in Wyoming with a
levelized cost between $110 and $120/MWh, accorttirisfandard and Poors (2007).

Table 2. Coal IGCC Assumptions

UCS Case EIA Case
Overnight 2,756 (2010-2030)| 1,421 (2010)
capital cost 1,274 (2030)
(2005%/kW)
Real Included above for| None
Escalation projects built in
2010
Learning No reduction in Different learning
capital costs, but | rates applied to
heat rates are different
projected to decline components.
AEO 2007
reference cases
includes 15% cost
reduction by 2030
Capacity 80% 85%
factor
o&M Fixed: $37/kW-yr | Fixed:
(20059%) Variable: $36.38/kW-yr
$3.8/MWh Variable:
$2.75/MWh
Heat Rate 9,000 (2010) 8,309 (2010)
(Btu/kWh) 8,580 (2030) 7,200 (nth of a
kind)
Lead time 5 years 4 years

Coal IGCC with CCS

For the UCS case, we added the incremental caqostlof CCS from EIA’s assumptions to
B&Vs cost estimates for IGCC (from the table abovig)A’s incremental cost for CCS was in
the range of values from four studies by MIT, IP®IETL, and S&P. We also assumed a
higher initial heat rate than EIA based on the raedialue in a range of 6 estimates (by EIA,
NETL, MIT, and S&P). Our assumptions for real éatian, financing, capacity factor, fuel
costs, and lead times are the same as for IGCC.



Table 3. Coal IGCC w/CCS Assumptions

UCS Case EIA Case
Overnight 3,376 (2010) 2,110 (2010)
capital cost 3,243 (2030) 1,762 (2030)
(2005%/kW)
Real Escalation Included for None
projects built in
2010
Learning Includes EIA’s Different learning
assumed learning | rates applied to
for CCS and heat | different system
rate improvements] components.
AEO 2007
reference cases
includes 16% cost
reduction by 2030,
Capacity factor, 80% 85%
Fixed O&M EIA 42.8
(2005%/KW-yr)
Variable O&M | EIA 4.2
(2005
mills//kWh)
Heat Rate 10,720 (2010) 9,397 (2010)
(Btu/kWh) 9,877 (2030) 7,920 (nth of a
kind)
Lead time 5 years 4 years

References (for PC and IGCC):
IPCC,Special Report on Carbon Dioxide Capture and Ster2g05,
http://www.ipcc.ch/activity/srccs/index.htm

Ric O’Connell, Black & Veatch, Cost and performaimgeuts for the DOE Wind Collaborative
20 percent Wind Vision analysis, May 2007 (updatethe full report is scheduled to be
released in November 2007.

MIT, The Future of Coal: Options for a Carbon ConstedriWorld 2007.

NETL, Tracking New Coal-Fired Power Plantsowerpoint presentation, October 10, 2007.
NETL, Cost and Performance Baseline for Fossil Energyn®a/olume 1: Bituminous Coal
and Natural Gas to Electricity Final Report, DOEMNE2007/1281, May 2007.

Standard and Poors, “Which Power Generation Tecgnes Will Take the Lead in Response to
Carbon Controls?” May 11, 2007.



Dr. Eilon Amit, Minnesota Department of Commeragirebuttal testimony on the Excelsior
Energy Inc. proposed coal IGCC project, Minnesathlié Utilities Commission, Docket No.
E6472/M-05-1993, November 9, 2006.

New Energy Opportunities, Inc., La Capra Associdtes Merrimack Energy Group, Inc., and
Edward L. Selgrade, EscReport on Evaluation of Bids Submitted in Respdn Delmarva
Power and Light Company’s RERPrepared for the Deleware Public Service Comoms®r
PSC Docket No. 06-241, February 21, 2007.

Natural gas combined cycle (NGCC)

For the UCS case, the cost and performance assumagtr new NGCC plants are based on
Black & Veatch projections, which are based on diata actual projects, and data collected by
the California Energy Commission (2007) for 19 péainstalled in California from 2001 to
2006.

We made three adjustments to the costs in the @g@rtr First, we subtracted out the cost of
emission reduction credits, which are specific &difGrnia. Second, we reduced total overnight
costs by 5.8 percent to reflect higher constructiosts in California relative to the national
average based on EIA’s assumptions in NEMS. Tiwedconverted the capital and O&M costs
from 2007 to 2005 dollars to make them consistetit the cost data from EIA and the other
sources in this report.

Using these assumptions, overnight capital costadeanced NGCC plants were estimated at
$700/kW (2005%), which is slightly lower than B&Véstimate of approximately $750/kW.
Standard and Poors also assumes a capital cog00fkdV.

Table 4. Advanced Natural Gas Combined Cycle Assuptions

UCS Case EIA Case
Overnight $757 592
capital cost
(2005%/kW)

Real Escalation| Included in B&V | None
and CEC near-term
estimates, no real
escalation assumed
after this time

Learning None 11% cost reduction
in AEO 2007
reference case

Fixed O&M 14.4 11

(2005%/kW-yr)

Variable O&M | 2.9 1.9

(2005

mills//kwh)

Heat Rate 6,870 6,647 in 2009

10



(Btu/kwh) declining to 6,333

Lead time 3 3

Advanced NGCC with CCS plants

For the UCS case, we added the incremental caqpstalof CCS from EIA’s assumptions
($590/kW) to B&Vs cost estimates for advanced NG&aAm the table above). EIA’s
incremental cost for CCS was in the range of vaftms four studies (EIA, IPCC, NETL, S&P).
We also assumed a higher initial heat rate thanligiadding the difference between EIA’s heat
rates for advanced NGCC plants with and without G&CB&V’s assumed heat rate for
advanced NGCC (in the table above). Our assunmgpfmmearning, financing, capacity factor,
fuel costs, and lead times are the same as fonaddaNGCC plants without CCS.

Table 5. Advanced Natural Gas Combined Cycle witlcCS Assumptions

UCS Case EIA Case
Overnight 1,336 (2010) 1,171 (2010)
capital cost 1,219 (2030) 994 (2030)
(2005%/kW)
Real Escalation| Included in initial| None
B&V 2005
estimates, no real
escalation assumed
after this time
Learning No capital cost 11% cost reduction
reductions, some | in AEO 2007
increase in reference case
efficiency
Fixed O&M EIA 18.7
(2005%/kW-yr)
Variable O&M | EIA 2.8
(2005
mills//kwh)
Heat Rate 8,675 (2010) 8,349 (2010)
(Btu/kwh) 8,128 (2030) 7,493 (2030)
Lead time 3 3
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Conventional NGCC plants
For the UCS case, we use the CEC'’s estimate fareztional NGCC plants, which is also based
on their survey of 19 plants installed in CA betw@®01 and 2006.

Table 6. Conventional Natural Gas Combined Cycle gsumptions

UCS Case EIA Case
Overnight 703 600 (2010)
capital cost 568 (2030)
(2005%$/kW)
Real Escalation| Included in above  None
Learning None, mature 6% cost reduction
technology by 2030
Fixed O&M 9.4 (CEC) 11.7
(2005%/kW-yr)
Variable O&M | 4.2 (CEC) 1.9
(2005
mills//kwh)
Heat Rate 6,990 7,097 (2009)
(Btu/kwh) 6,800 (nth of a
kind)
Lead time 3 3
References

California Energy Commissioigomparative Costs of California Central Statioreéiticity
Generation Technologie®raft Staff Report, CEC-200-2007-011-SD, June7200

Ric O’Connell, Black & Veatch, Cost and performangauts for the DOE Wind Collaborative
20 percent Wind Vision analysis, May 2007 (updateie full report is scheduled to be
released in November 2007.

Natural gas combustion turbines (NGCT)

Advanced NGCTs

The cost and performance assumptions for new addaawed conventional NGCT plants are
based on projections from Black & Veatch (2007) dath collected by the California Energy
Commission (2007) for 15 plants installed in Catifa from 2001 to 2006.

References
California Energy CommissioiGomparative Costs of California Central Statiore&ticity
Generation Technologie®raft Staff Report, CEC-200-2007-011-SD, June7200

Ric O’Connell, Black & Veatch, Cost and performaimgeuts for the DOE Wind Collaborative

20 percent Wind Vision analysis, May 2007 (updatethe full report is scheduled to be
released in November 2007.
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Table 7. Advanced Natural Gas Combustion Turbine Asumptions

UCS Case EIA Case
Overnight 606 (2005) 396 (2010)
capital cost 728 (2010-2030) | 340 (2030)
(2005%/kW)
Real Escalation| Included in plants None
built through 2010
Learning 15% cost reduction
by 2030
Fixed O&M 6.4 9.9
(2005%/kW-yr)
Variable O&M | 2.7 3.0
(2005
mills//kWh)
Heat Rate 9,104 declining to | 9,104 declining to
(Btu/kwh) 8,900 for nth of a | 8,550 for nth of a
kind plant kind plant
Lead time 2 2

Advanced Nuclear

For the UCS case, we used cost and performanceptisas from Black & Veatch (2007) and

a recent report from the Keystone Center that veagldped with input from a broad and diverse
stakeholder group, including the nuclear indudtrys shown in Table 8 below, the biggest
differences between the UCS case and the EIA cade avernight capital costs, learning, fixed
O&M costs, and capacity factors. Overnight capitadts are based on estimates from B&V and
are similar to the values from the Keystone repéiked O&M costs are based on the middle of
the range of values reported in the Keystone repdpacity factors are also assumed to be in
the middle of the range of the current US fleetrage of 90 percent and the historical fleet
average of approximately 75 percent. All otheliatales are the same as or close to the values
used by EIA.

Using these assumptions and EIA assumptions fanéimg and fuel costs, results in an all-in
levelized cost of electricity of $95/MWh in the U@Sse and $59.7/MWh in the EIA case for a
plant installed in the year 2015. While the UCSectalls in the range of values in the Keystone
report ($83/MWh to $111/MWh), we believe these s@st optimistic. We believe that nuclear
plants could have higher capital costs, as weltligiser fuel costs, decommissioning costs, and
financing risk premiums than are reflected in EIASsumptions.

% See Table 5 and Table 6, p. 42 of Keystone CeNterlear Power Joint Fact-Findinglune 2007.
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Table 8. Advanced Nuclear Assumptions

UCS Case EIA Case
Overnight 3,000 in 2014 2,005 in 2014
capital cost 2,850 in 2030 1,742 in 2030
(2005%/kW)
Real Escalation | Included in near-| None

term B&V

estimates

Learning

6% cost reduction
between 2014 and
2030

--5% reduction per
doubling for first 3
doublings

--3% reduction per
doubling for next
5 doublings
--10% minimum
learning by 2025

First on-line year EIA 2014, assuming
2006 order date

Capacity factor | 82.5% 90%

Fixed O&M 110 63.9

(2005%/kW-yr)

Variable O&M | 0.49 0.47

(2005mills/kwWh)

Heat Rate 10,400 10,400

(Btu/kwh)

Lead time 6 6

References

Keystone CentefNuclear Power Joint Fact-Findinglune 2007.
Ric O’Connell, Black & Veatch, Cost and performangauts for the DOE Wind Collaborative

20 percent Wind Vision analysis, May 2007 (updateie full report is scheduled to be
released in November 2007.
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RENEWABLE ENERGY TECHNOLOGIES
Wind--Onshore

Capital Costs

For the UCS case, overnight capital cost estinfare8005 through 2007 are based on estimates
from a comprehensive database of 191 on-line wingepts in the US totaling 8,825 MW or

76% of the total installed wind capacity in the BtShe end of 2006 (see Figure) and a sample of
proposed projects, as reported in Wiser (2007&gesé& estimates include real escalation of 33
percent or $420/kW between 2005 and 2007. Mo#gtisfincrease is due to an increase in wind
turbine prices, which rose ~$400/kW between 2001thaednd of 2006. Since installed costs
increased by $220/kW between 2005 and 2006, tiggesis that the increase in wind turbine
prices may not have completely flowed through iog®. This is evident in Wiser’s estimated
costs of $1,680/kW for 2007 based on the sampteagosed projects. The 2007 values are
similar to Black & Veatch’s estimated costs of 8O&W (2006%) for projects installed between
2005 and 2010 that were developed for the DOE Nali@/ind Collaborative 20 percent Wind
Vision study.

Installed Project Costs Are On the Rise,
After a Long Period of Decline
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Projects proposed (but not yet built) in 2006 (not shown in graphic) are
$200/kW higher still (avg. ~$1.680/kW)

Note: Sample of projects includes 191 online wind projects, totaling 8,825
MW (~76% of all wind capacity installed in the U.S. at the end of 2006) 23

Source: Wiser, 2007a.

For the UCS case, we use the Black & Veatch prigjest(converted to 2005%), which assume
capital costs will decline by 10 percent betweeh®and 2030 based on estimates developed by
GE and Vestas for the Wind Vision study. A recamivey of wind turbine and component
manufacturers shows that capital costs could deeuen further (Wiser, 2007b). This survey
showed that cost reductions of 15 percent to 22gmemmay be possible under a more stable,
long-term policy environment, such as a long-tefhiCxtension or a national RPS, that would
facilitate an increase in domestic wind turbine ofanturing. It is also possible that the real
escalation of wind turbine prices will continuertee due to the continued high global demand
for turbines. Anecdotal information reported bys@f (2007a) shows that average turbine
prices could reach $1,800/kW over the next few gear
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Source: Wiser, 2007a.

We assume that many of the current supply conssrdniving up wind turbine prices will ease
in the next few years that will offset the realaation in materials and labor costs affecting all
technologies. There are at least three reasorikifor First, the recent run-up in wind capital
costs is due in part to the short-term PTC cyclactvhas greatly inhibited investment in
manufacturing of wind turbines and components enthS. Much of the equipment is imported
from manufacturers in countries such as Denmarkm@ey, Spain, India, and even Vietnam
(towers) to meet the growing demand for wind tuesim the U.S. Not only does this result in
high transportation costs, but the weak dollartiedato the euro also raises costs relative to
manufacturing the equipment in the U.S.

This situation is changing, however, as severabmajnd manufacturers have recently built
plants or announced plans to build plants in tH&. Uror example, manufacturing plants have
recently been built or announced in lowa (Clipf&@emens, and Acconia), Minnesota (Suzulon),
Pennsylvania (Gamesa), Colorado (Vestas), Texas(bishi), and many other states across the
U.S. Many industry experts believe that this Wwélp ease supply constraints and put downward
pressure on prices in the next few years.

Second, we believe Congress will likely adopt aergiable long-term policy for wind and other
renewable energy technologies, such as a natidddldhd/or a long-term extension of the PTC,
in the near future. This would provide increasetbiity and certainty that will facilitate
manufacturers to build new plants and add capatiexisting facilities.

Third, the wind industry is relatively small compdrto the fossil fuel industry and has

significant room for expansion. The rapid rampiumanufacturing of gas turbines from 3.5
GW in 1999 to 63 GW in 2002 shows that it may bsgtade to ramp-up wind turbine
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manufacturing fairly quickly, particularly since md turbines are a modular technology like gas
turbines.

We also increase the capital costs of wind atelgeonal level as the penetration of wind
increases to account for additional transmissi@tsz@esource degredation, and siting costs. We
do this by modifying EIA’s long-term capital cosuitipliers for wind based on a detailed
analysis performed by NREL using their GIS and Weniodels that accounts for increases in
slope and population density. NREL developed suppives of the windy land area available

in each wind resource class (3-7) for thirteentelaty reliability regions. These supply curves
are then divided into steps to correspond withntlodtiplier levels assumed by EIA. One main
difference is that EIA only includes class 4-6 wimedources, while our analysis also includes
class 3 wind resources.

Previous analyses by UCS and EIA have shown tlealNEIMS model rarely uses the fairly large
portion of the wind supply curve that EIA assumdsfall into the last two multiplier levels,
which increase capital costs by 200 and 300 percEmais, we effectively exclude these
resources in the model and develop additional piidti steps at the lower end of the supply
curve by breaking out the resource into multipdieaps of 1.0, 1.10, 1.20, 1.35, and 1.50 (vs.
EIA's 1.0, 1.2, 1.5, 2.0, and 3.0). These charagesllustrated at the national level in the figure
below.
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Financing

For both the UCS and EIA case, we use EIA’s finag@assumptions from AEO 2007, which
equate to a fixed charge rate of 11.3 percentmelddes 5-yr accelerated depreciation and
interest during construction. For the UCS casealse assume a construction lead-time of one
year vs. EIA’s assumption of three years, baseBlaok & Veatch’s assumption that projects
will only be paying interest during a period of tgpone year when they are under construction.

Capacity Factors

For the UCS case, we use B&V'’s projections, whighlzsed on a curve fit to historical
projections and new turbine designs. EIA’s morgspaistic estimates assume only slight
improvement in performance over time. As stateavabwe are including class 3-7 wind
resources in the model based on NREL'’s analysiseaseEIA only includes class 4-7. For both
cases, the class 7 potential is included in thenast for class 6.

O&M costs

For the UCS case, we use B&V’'s O&M cost projectiomkich assumes fixed O&M costs will
not change over time, while variable O&M costs w#cline over time based on historical
trends.

18



Table 9. Onshore Wind Assumptions

UCS Case EIA Case
Overnight 1,260 (2005) 1,440 (2009-2030)
capital cost | 1,480 (2006)
(2005%/kW) | 1,600 (2007-2010)

1,440 (2030)
Real Included above; Not included
Escalation 17.5% increase

2005-2006, 33%

from 2005-2007.
Learning Linear 10% No learning.

capital costs

reduction by 2030

Assumes wind is a
mature technology.

Capacity --Class 3 =33% in| Class 4-6 = 30%-
factor 2007 increasing to | 42%. Almost no
38.4% in 2030. increase over time.
--Class 6 = 44.5%
in 2007 increasing
to 48.7% in 2030.
o&M --Fixed O&M = --Fixed O&M =
(2006%) $11.2/kW fixed $28.5/kW-yr fixed
over time. over time
--Variable O&M = | Variable O&M =0
$6.8/MWh in 2005
declining to
$4.2/MWh by 2030
References

Wiser, R. and M. Bolinger, 2007&nnual Report on U.S. Wind Power Installation, Casid
Performance Trends: 200frepared by Lawrence Berkeley National Laboraforyhe U.S.
Department of Energy, Office of Energy EfficienaydaRenewable Energy, May.

Wiser, R., 2007b. “Wind Power and the Productior Taedit: An Overview of Recent
Research,” Testimony Prepared for a Hearing onrCigeergy: From the Margins to the
Mainstream, U.S. Senate Finance Committee, March 29

Ric O’Connell, Black & Veatch, Cost and performangauts for the DOE Wind Collaborative
20 percent Wind Vision analysis, May 2007 (updateie full report is scheduled to be

released in November 2007.

Wind Offshore
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EIA does not include offshore wind in their mod®&Ve added it based on work completed by
OnLocation Inc. for DOE’s Office of Energy Efficiem and Renewable Energy. Cost and
performance projections are based on B&V projestimn Wind Vision study for shallow and
deep water.

Table 10. Shallow Offshore Wind Assumptions

UCS Case
Overnight capital cost | 2,230 (2010)
(2005%/kW) 2,050 (2030)
Real Escalation Included above
Learning capital costs Linear 10% reductipn
by 2030
Financing EIA/AEO 2007

assumptions for
onshore wind

Capacity factor --Class 3 = 36.6% in
2010 increasing to
40.3% in 2030.
--Class 6 =48.2% in
2010 increasing to
51% in 2030.

O&M (2005%) Fixed O&M =
$14.6/kW-yr fixed
over time

Variable O&M =
$20.4/MWh in 2005
declining to
$10.4/MWh in 2030.

References

Ric O’Connell, Black & Veatch, Cost and performangauts for the DOE Wind Collaborative
20 percent Wind Vision analysis, May 2007 (updatefe full report is scheduled to be
released in November 2007.

Biomass IGCC

There is considerable uncertainty around the ao$fparformance of biomass IGCC, as very
little data exists from actual projects. For thé®Jcase, we assumed B&V'’s cost for coal IGCC
plus the difference between EIA’s coal and biom&s3C costs. We also assume higher heat
rates than EIA based on B&V’s heat rate for coal@plus the difference between EIA’s coal
and biomass IGCC heat rates. The rest of the gdgms are the same as EIA’s assumptions for
biomass IGCC.
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Biomass Fuel SupplyEIA’s biomass supply schedule has four companeagricultural

residues, urban wood waste and mill residues, tigressidues, and energy crops. For our
analysis we maintained the same curve for agricalltesidues that was used for the AEO 2007
analysis. For the urban wood waste and mill ressdue applied an additional exclusion of 2.5%
beyond EIA’s supply to provide an extra margin agausing contaminated materials. We also
reduced the amount of forestry residue availablarbgdditional 50 percent from EIA’s supply
estimates in order to avoid including any foresidees that might have been supplied through
unsustainable practices.

For the energy crop supply, we started with thginal switchgrass data in EIA’s supply curve
that was generated by the University of Tennesd2®kYSYS model. We used the production
guantities for each POLYSYS region to generate hteid average yields (dry tons per acre) for
each of the Coal Demand regions in NEMS. We treamahsed the yields by 0.5 dry tons to
account for changes in harvesting technology aggldte energy crop supply curve for the

initial 2010 estimates in NEMS. We then increagiettls at a consistent annual percentage rate
by region through 2030 based on more recent estgnated in the POLYSIS model.

Table 11. Biomass IGCC Assumptions

UCS Case EIA Case
Overnight 3,390 (2010) 1,852 (2010)
capital cost | 3,104 (2030) 1,566 (2030)
(2005%/kW)
Real Included through | None
Escalation 2010 (same as coal
IGCC
Learning Half of EIA’s 17% cost reduction
learning rates by 2030 in AEO
(same as coal 2007 reference case
IGCC)
Capacity 80% 83%
factor (same as coal
IGCC)
Fixed O&M EIA 50.2
(2005%/kW-
yr)
Variable EIA 3.2
O&M (2005
mills/kWh)
Fuel EIA supply curve, | Depends on
with 50% exclusion demand for
to forest residues, | biomass at regional
2.5% exclusion to | level. Prices 6\‘

4 Walsh, Marie. Personal communication . Juneri®June 18, 2007.
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urban/mill residues), increase as demand
and an increase in| increases.
energy crop yields
between 2010 and

2030.
Heat Rate 9,985 in 2010 8,911 (stays fixed
(Btu/kwh) declining to over time)

9,519 in 2030

Biomass Co-firing
NEMS also allows for biomass co-firing with coalaristing coal plants. For the purposes of
this analysis we used EIA assumptions from AEO 200 Both the UCS case and the EIA case.

Geothermal

EIA’s assumptions for the cost, performance, asduece potential for geothermal power plants
are included in the Geothermal-Electric Power Suttmeof NEMS. The submodule contains

a supply curve for geothermal resources that reflestimates of the capacity, generation, and
costs of producing electricity at 89 hydrothermtdssin the Western U.S. EIA also assumes that
geothermal power plants will operate at a 90 pdrcapacity factor and they include an annual
build limit of 25 MW per site until 2010 and 50 Myér site through 2030.

The data included in EIA’s geothermal supply cus/based on a 2004 study by GeothermEx,
Inc. for the California Energy Commission (Lovek#904) and a 2006 study by the Western
Governor’s Association Geothermal Task Force fer@tean and Diversified Energy Initiative.
These studies focused on geothermal conventiombthyermal sites with confirmed
temperatures greater than 100 degrees CelsiusWGh study found that 5,600 MW of new
hydrothermal capacity could be developed in thetevadJS by 2015 for less than 8 cents/kWh
with the production tax credit or less than $103/MWithout the PTC, and up to 13,000 MW by
2025 for less than $200 /MWhOther potential geothermal resources, such aheenal fluids
co-produced with oil and gas, and Enhanced Geotle®ystems (EGS), including hot dry rock,
were not included in these studies. EIA decidedmanclude these potential resources in the
supply curve because they did not believe they @/belin significant commercial use within the
forecast horizon of 2030. All told, the EIA supgmyrve includes roughly 9,000 MW of
hydrothermal capacity.

At least two new updated geothermal resource as®eds have been completed since the
Lovekin (2004) and WGA (2006) studies that addteese non-conventional resources. These
include a comprehensive study completed in 200818y (Tester, 2006) that included an
assessment of the U.S. potential for EGS throudi® 2tid a January 2007 paper by Black
Mountain Technology and NREL (Petty and Porro, 2004t includes the EGS estimates from

® For more information on the assumptions for bicsrasfiring, see EIA’s NEMS Model Documentation the
Renewable Fuels Module, available online at wwwadgia.gov.
® This represents a 15-yr levelized busbar coso@sollars.
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the MIT study along with updated supply estimatesifydrothermal and convective EGS
resources based on eight different studies (inofydovekin and WGA).

The Petty and Porro study found a total nationatlggrmal resource potential of 126,000 MW

mostly below a levelized cost of $200/MWh (20046¢]uding 89,000 MW across all resource
types in the Western US and 37,000 MW of poteiafimiost entirely from co-produced sites in

the Southeast and Southern Plains states. Tlasaget put into a format suitable for use in the
NEMS and broken down into five specific resourqeety.

hydrothermal flash

hydrothermal binary

geothermal fluids co-produced with oil and gas

convective EGS associated with hydrothermal ressuat depths less than 3 kilometers
conductive EGS for depths between 3 and 10 kiloraete

In addition to addressing the co-produced and Eg38urces not included in the EIA supply, the
study also more broadly assessed hydrothermal ressyugenerally consistent with techniques
adopted in earlier USGS geothermal resource asse$snT his broader assessment resulted in
27 GW of total hydrothermal potential at generédhyer cost than the EIA supply analysis.

We used the supply data from this assessment vigtv adjustments. First, we worked with
Petty to incorporate recent increases in capitsiscior geothermal to make the costs consistent
with the assumptions for other technologies. Tas done by applying specific price indices
for drilling, turbines, heat exchangers, constauttnaterials, labor, and steel to modify costs
from 39 quarter 2004 values to end of the year 2006 vallés also removed the effects of
inflation. We then projected these indices to ipooate additional real escalation through 2010
based on a historical trend curve fit. Secondassmed co-produced sites would not be
available for commercial development until afteBQ@ue primarily to consideration of market
factors other than cost. This exclusion of the medpced resources effectively limits supply to
the Western US.

While geothermal supply information is the key inputhe Geothermal-Electric Power
Submodule, two additional assumptions were madeatha significantly contribute to the
amount of geothermal supply absorbed by the et#gtinarket in each year of the forecast.
First, learning rates, in the form exogenous mlidip to capital and O&M costs, are
conservative and assume no impact from DOE R&Dosecannual build limits allow a
maximum of 100 MW to be developed each year at sd#ehThis limit, twice that assumed by
EIA, accounts for the larger capacities associwatititl each site in the Petty and Porro supply
characterization (resulting from regional aggregati A revised version of the supply curve for
the year 2010 is shown in the figure below.
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2010 Geothermal Resource Curnve
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Table 12. Geothermal Assumptions
Mid EIA

Overnight Varies by site and Varies by site and

capital cost | technology technology

(2005%/kW) | Hydrothermal
resource:
~2,700-5,400 (2006)
~3,000-6,150 (2010)

Real 7.5%l/yr increase in

Escalation exploration and
drilling costs
3.3%l/yr average
increase in power
plant and field costs
(2005-2010)

Learning Exogenous 8% capital cost
multipliers to capital | reduction for every
and O&M costs doubling in
assume no impact | installed capacity
from DOE R&D for 5 doublings

Financing EIA EIA

Capacity 90-95% 90%

factor

O&M Varies by site and

(2005%/kW- | technology
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yr) Hydrothermal
resource:
~73-142 (2006)
~76-146 (2010)

Annual site | 25 MW per year 25 MW per year
build limit through 2007 through 2010
increasing to 50 MW per year
100 MW per year through 2030
through 2030

The Geothermal Energy Association completed a surv&ay of 2007 that identifies up to
2,456 MW of new geothermal power plant capacityugently under development in the United
States (including projects in the initial developrnghase). Up to 371 MW of capacity is
currently under construction at 12 projects indiest. Unconfirmed projects (some of which are
likely to be developed within the next few yeai@se these numbers to 2,856 MW of potential
capacity currently under consideration. There &states with projects currently under
consideration or development, including: Alaskaizéna, California, Hawaii, Idaho, Nevada,
New Mexico, Oregon, Texas, Utah, Washington and Myg.

Table 13. New Geothermal Projects under Developmém the US

Source: GEA, May 2007
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Concentrating Solar Thermal

Limited data is available on actual projects. Warenonly able to obtain data on levelized costs
for one recent project—a 64 MW project in Nevadthwein in-service date of May 2007—that
has a reported power purchase agreement (PPA)adride cents/kWh.

We reviewed several recent studies to develop ssuraptions for the UCS case. We used
projections from the FY09 Solar Initiative, whichue initial levelized costs that appear to be
consistent with the levelized costs from the Nevadgect. However, we make a few important
adjustments to the assumptions from this studyst,RFve assume less improvement in capacity
factors over time with increasing levels of thermi@rage. We assume capacity factors will
increase from 43 percent in 2010 (assumes six ladg®rage), to 49 percent in 2010, and 55
percent by 2030 compared to 72 percent in 20132rmkrcent in 2030 in the FY09 Solar
Initiative. We also assume a linear reductionapital and O&M costs between 2010 and 2030
to account for potential cost savings from havegglstorage. The resulting total levelized costs
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from using these assumptions fall in the middléhefrange of the FY09 Solar Initiative, EIA’s
low cost case and a recent study by NREL.

Table 14. Concentrating Solar Thermal Assumptions

UCS Case EIA Case
Overnight 5,500 (2005) 3,146 (2005)
capital cost | 4,380 (2010) 2,796 (2010)
(2005%/kW) | 2,560 (2030) 2,286 (2030)
Real Included in higher | None
Escalation initial estimates

from FYQ09 Solar

Initiative
Learning 53% capital cost | 24% capital cost

reduction by 2030 | reduction by 2030
Capacity 45% (2010) 24.6%-39.7%,
factor 49% (2015) varies by region,

55% (2030) fixed over time
Fixed O&M | 74 (2005) 53.4
(2005%/kW- | 50 (2010) fixed over time
yr) 28 (2030)

Levelized COE Projections for CSP
20
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Central Station PV

Data on actual central station photovoltaic prgestalso extremely limited. To account for the
recent escalation in construction and materialtscaféecting all technologies, we used capital
cost estimates from DOE’s FY08 Government PerfogadReview Act (GPRAO8) analysis
through 2010. Initial costs from GPRAO8 were 26cpat higher than EIA’s initial estimates for
central PV plants installed in 2008. After 20@, assume the mid-range of capital costs
projected in GPRAO8 and EIA’s assumptions for AHID 2

Table 15. Central Station PV Assumptions

UCS Case EIA Case
Overnight 5,355 (2006) 4,248 (2008)
capital cost | 2,487 (2030) 2,985 (2030)
(2005%$/kW)
Real Assumed to be None
Escalation included in higher
initial costs
Learning 54% reduction by | 36% reduction by
2030 2030
Capacity EIA 20.4% fixed over
factor time
Fixed O&M | 24 (2006) 11 fixed over time
(2005%/kW- | 10 (2030)
yr)
References
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Distributed PV
For the UCS case, we use data from thousands wdlaesidential and commercial PV projects
that have been installed as a result of Califosnsalar program. This data shows an average
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installed cost of $9,000 per watt (2005%) for resiifl scale systems under 5 kW and $8,000 per
watt for commercial scale systems of 50-100 kWailhastl in 2006. We use this data as the
starting point and assume total installed costkfalllover time at the levels similar to those
projected EIA and the DOE Solar program for the D8 Government Performance Review
Act. This results in the equivalent of a 5 percamtual cost reduction between 2005 and 2015,
and a 1 percent annual cost reduction between @0d2030. For comparison, a recent study
by LBL (Wiser, 2006) showed an annual average recluof approximately 7 percent between
1998 and 2005 for California solar PV program (Siggire below).

1 Residential PV Costs
—=— AEQOQY Inputs by Year
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8000 4 —e— Cost Based on Leaming
8’\ 70004 —¢— GPRAO8 Program
E% b —e— UCS pr
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Modeling the Impacts of State RPS Policies

As part of the AEO 2007, EIA developed a modul®lEMS to model the long-term effects of
state RPSs at the regional level. For the AEO 28@tence case, however, EIA did not include
additional renewable energy projects that woulehéeded to fully comply with the annual
requirements under some state standards. Instba@dsEumed that several states underachieve
their annual requirements due to lack of enforcéngranting of compliance waivers by
regulatory agencies, and the use of alternativeptiante payment mechanisms.

A regional RPS side case was included in AEO 2@@iich assumed “nondiscretionary”
compliance with the state RPS policies in placefé&eptember 2006. When compared with
ElA’s regional RPS case, EIA’s reference case adhieve less than half of the annual state
requirements for new renewable energy generatiotal hon-hydro renewable energy
generation reaches 4.1 percent and 5.1 perceatadfd.S. electricity sales by 2020 respectively,
for the EIA’s reference case and regional RPS cide.

For our analysis, we modeled two reference cagescase that assumed states with renewable
electricity standards fully achieve their annuad&s, and 2) a case that assumed partial
compliance with state renewable standards. We E8&d regional RPS model to project the
generation needed to meet the state standard&auade this in both the reference and policy
cases. In addition, we updated the regional tarigeinclude increases in several state standards
(Arizona, Colorado, Connecticut, Delaware, New MexiMaine, Maryland, and Minnesota)

and the adoption of five new standards (lllinoiswNHampshire, North Carolina, Oregon,
Washington) that occurred from September 2006 titAAugust 2007. EIA’s regional RPS
model is not capable of examining separate soldistributed generation set-aside requirements
that are included in nearly half of the state stéadd. To account for this market, UCS projected
the solar energy generation needed to achieve segsgate requirements, and built that
development into the commercial and residentiat@selsectors.

These changes resulted in total renewable genenadaching 6.6 percent of total U.S. electricity

sales in 2020 under the reference case assumieg sizhieve full compliance and 5 percent
under the scenario assuming partial compliance.
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