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EXECUTIVE SUMMARY

This dudy invesigates the effect of modding assumptions about levelized costs and market
penetration on the U.S. Depatment of Energy’s Annual Energy Outlook (AEO) forecast for
wind technologies.

The AEO’ s annud report of energy supply, demand, and prices through 2020 is based on results
from the Energy Information Adminigration (EIA) Nationd Energy Modeing Sysem (NEMS).
NEMS predicts the market penetration of individual energy technologies based on avariety of
inputs and assumed changes in these base vaues over time. The NEMS forecast of technology
adoption and useis influenced most strongly by the mode’ s assumptions about the levelized cost
of energy for the various technologies. For each year, NEM S dlocates a share of the energy
market to least-cost technologies; this alocation affects forecasts for future years. NEM S uses
cost multipliers and congtraints to represent potentid physica and economic limitations on
growth in capacity; these limitations include depletion of resources, costs of rapid manufacturing
expanson, and the stability or ingtability of the power grid when high levels of generation come
from intermittent resources.

In the AEO99 Reference Case verson of NEMS, the dectric generation supply mix remains
farly seady, and renewable energy technologies such as wind do not achieve significant market
share during the forecast period. However, NEMS is dso increasingly being used to andyze
dternative scenarios (such as low-carbon futures) in which the role of renewables is likely to be
enhanced. In these dterndive scenarios, the way in which renewable energy technologies are
modeled becomes critical.

The dructure of NEMS makes cost inputs of primary importance in determining the economic
competitiveness of an energy technology. Asde from cepitd codts, other assumptions embedded
in the cost-of-energy equation have generdly been conddered as secondary in importance. This
report examines some of these other assumptions for wind power to determine which ones have
the greatest impact on forecasts for this technology. Understanding the reative influence of these
assumptions may help suggest areas where NEMS could be refined to increase the accuracy of
its representation of the characterigtics of renewable technologies.

Wind power was chosen as a case study because it is found over a rdatively wide geographic
range and is the closest of the renewable technologies to being economicdly compstitive.
Because wind power is modeled smilarly to some of the other renewable technologies, such as
solar therma and photovoltaics (PV), our fndings may be applicable to these areas of NEMS as
well. Our sendtivity andyds focused on relaxing assumptions (not including capitd codt) to
make them less redrictive to wind development. In our initid explorations, we conducted a
limited set of runs with more redrictive assumptions and found that those scenarios did not differ
much from the Reference Case results. Therefore, we concluded that further restricting the
assumptions would not be very ingructive,

In this report, we firg review the NEMS modd structure and input data for wind power. We
then present the results of a sengdtivity andyss of wind deveopment in NEMS to the



assumptions other than cepitd cost that are used by the modd for economic and physca
conditions that affect wind resource development. The assumptions we examined include:

The National supply curve which increases capitd cost in response to rapid, short-term
growth;

The Regional supply curves, which increase capital cost as more of a region's wind resource
isused;

The Regional deployment constraint, which limits new inddlaions in a regon to 1
GWlyear;

The Regional generation constraint, which limits generation from intermittent renewables to
10 percent of the generation in aregion;

The Inter-regional transmission constraint, which specifies that, for most technologies and
regions, cgpacity in one region cannot serve load in another region.

This anayss includes a series of modifications to the AEO99 Reference Case and a $100/ton
carbon permit case (roughly equivaent to the Kyoto 1990+24% Scenario). We do not propose
the scenarios used to test these assumptions as reasonable dternatives, we are smply using them
as amechaniam for exploring some of the assumptions currently used in NEMS.

By adjudting severa assumptions, both individudly and in tandem, we learned that NEMSwind
development forecasts can be significantly affected by congraints related to supply, intermittent
power generation, and annual capacity additions as well as by inter-regiona transmission
limitations and peek |oad capacity credits. We concluded that, despite the detail with which

NEMS characterizes the nation’ s wind potentia, technology, and development, some of the
model’ s assumptions restrict forecasts of wind development more than appears justified based on
recent published research on the potentia of this technology. These assumptions aso interact
with other variables for wind and other technologies but we did not explore such potentia
interactionsin thisanalyss, beyond the assumptions listed above for wind power.

A sengtivity andyss of these assumptions does not Sgnificantly dter the penetration of wind in
a reference case forecast with fossl fud prices cose to those prevaling in 1999 (when this
andyss was conducted). Without sgnificant future reductions in the cost of wind capacity or
additiona vaue given to wind as a carbon-free technology, its capacity growth will be limited
because wind power is too expensve to compete aganst other mature technologies such as
combined cycles and combugtion turbines. However, the assumptions tested in this anadyss
become important in cases where wind power is economicdly competitive with other
technologies, such as under a carbon permit trading system.

The sgnificance of the assumptions we studied for wind power is only gpparent when multiple
assumptions are adjusted smultaneoudy because they overlap in their impact. For example,
under a $100/ton carbon permit scenario, the wind capacity projection for 2020 ranges from 15
GW in the base case to 168 GW when the multipliers and congraints examined in this sudy are
removed. If the inter-regiond tranamisson condrant is lifted and it is assumed tha capacity

IThe Kyoto analysis was conducted by EIA to assess the possible effects of reducing U.S. carbon emissions under a
carbon permit trading scheme. The 1990 +24% Scenario represents a carbon emissions target for 2020 that is 24%
higher than emissions for 1990 (EIA, 1998b).



congtructed in one region can serve another region, wind capacity is forecasted to reach 214 GW.
Although these upper values should not be viewed as reasonable projections (because they
ignore most of factors beyond direct cost that affect wind development), the magnitude of the
ranges illustrates the importance of the assumptions governing the growth of wind capacity and
resource availability.

Our findings suggest tha future research should focus on reducing the many uncertainties related
to these assumptions. Because some of the other renewable energy submodules in NEMS are
gructured much like the Wind Energy Submodule, many of the areas suggested below for future
research could adso be consdered for other renewable technologies in NEMS. We have
identified five key areas on which to focus future research:

1. For the National supply curve reexamine the number and Sze of the short-term supply curve
deps that are invoked if annua capacity additions exceed 20 percent of current ingtaled
resources.

2. For the Regional supply curves, review the dlocation of the nationd wind resource among
the five seps of the long-term multiplier. It is important to insure that each sep in the
supply curve accurately represents the costs for wind devel opment.

3. For the Regional deployment constraint, examine the interaction between the 1:-GW regiond
deployment limit and the short-term supply curve cost multipliers.  Because these factors
represent the same condraint, their combined effect may be greater than intended.

4. For the Regional generation constraint, explore the impostion of a graduated cost pendty
when the intermittent fraction of regional generation exceeds 10 percent, in contrast to the
current binary approach to limiting intermittent technologies.

5. For the Inter-regional transmission constraint, consder enabling inter-regiond trangmisson
of dectricity for wind and other technologies.

Our detailed description of NEMS modd structure and our sengtivity andyses are designed to
contribute to the generd understanding of how NEMS trests renewable energy technologies such
as wind power. We hope that this report will foster further discusson by highlighting key aress
of focus for future work to refine the modd.
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INTRODUCTION

The U.S. Department of Energy’s Annual Energy Outlook 1999 (AEO99) presents forecasts of
energy supply, demand and prices through 2020 based on results from the Energy Information
Adminidgration’s (EIA) Nationd Energy Modding System (NEMS). NEMS is a comprehensve
computer model of the domestic energy economy that incorporates economic, regulatory,
resource, technologicad and environmenta data on al aspects of energy development and
consumption in the United States. Planners and decison-makers in both the public and private
sectors refer to forecasts produced by NEMS for andysis of policy initiatives.

The Reference Case forecast of the AEO99 can be viewed as a moderate case in terms of basic
economic growth and energy prices assumptions. The economy is assumed to grow a an
average annua rate of 2.1 percent over the next 20 years with overdl primary energy demand
increasing a a lesser rate of 1.1 percent per year, reaching a total of 120 Quads by 2020. In this
caxe, gas and cod prices to consumers actualy decrease dightly (0.3 and 1.3 percent,
repectively) from their 1997 vaues, while end-use oil prices increase only 0.3 percent per year.
In such a steady environment, there is not much change in the energy mix for new investments in
any of the sectors.  In this AEO99 Reference Case, wind power is generdly too expensive to
compete againgt other technologies such as combined cycles and combustion turbines.

In this study, we review the modd structure and input data for wind power in the AEO99 verson
of NEMS. 1 Severa assumptions regarding the physical and economic conditions related to wind
technology and resources in NEMS can be key in governing its development. These factors are
incorporated either through cost multipliers or as condraints and they include:

National supply curve - increases capita cost in response to rapid, short-term growth

Regional supply curves - increase capita cost as more of aregion'swind resourceis used
Regional deployment constraint - limits new ingdlationsin aregionto 1 GW/year

Regional generation constraint - limits generation from intermittent renewables to 10 percent
of the generation in aregion

Inter-regional transmission - for most technologies and regions, capacity in one region can
not serve load in another region.

Most of these condraints and factors do not come into play in the AEO99 Reference Case
forecast. Without sgnificant future reductions in the cost of wind capacity or alditiond vaue to
wind as a carbon-free technology, its capacity growth is very limited because of its basc
economics.  However, in scenarios where wind power is economicaly competitive with other
technologies, these other factors become important. To assess ther relative importance, we
conduct a sengtivity andyss of wind devdopment in the modd. Our andyss includes a series
of modifications to the AEO99 Reference Case, as wel as smilar modifications to a case in

YIn other analyses conducted by Lawrence Berkeley National Laboratory (LBNL) and the National Renewable
Energy Laboratory (NREL) where structural changes are made to the NEMS code, NEMS is referred to by a new
name. In this study, however, we analyze the structure of NEMS and the characterization of wind energy in the
model as used for AEO99. We therefore refer to the model as NEMS in this analysis. The AEO2000 has been
published since the time of this study and afew of the updates will be noted.

1



which the capitd cost of wind is reduced and a case in which a $100/ton carbon permit is applied
(roughly equivaent to EIA’s Kyoto 1990+24% Scenario).2

In these sengtivity andyses, we examine severd factors both individudly and in tandem. To
assess ther full impacts, we generdly removed the factors entirdly, rather than adjugting ther
vaues. We adso used scenarios that are not being proposed as reasonable aternatives, but smply
function as a mechaniam by which to explore some of the assumptions currently active within
NEMS. In these cases, we find that, because the condraints and multipliers overlgp sgnificantly
in ther impact, ther individud importance is ducidated only when severd ae removed
sSmultaneoudy.

The Reference Case projections of the AEO assume continuing market changes and
improvement in energy technologies as derived from past trends. Under these conditions,
renewable energy technologies, such as wind power, have typicdly not achieved dgnificant
market share during the AEO forecast period. Incressingly, NEMS is being used to andyze
dternative scenarios, such as low carbon futures, where the role of renewables is likely to be
enhanced. This report explores some of the assumptions used in NEMS regarding wind power to
determine their impact on forecasts of this technology and to suggest possible areas in which the
model may be refined to better represent the characteristics of renewable technologies.

In addition to reviewing the structure and assumptions of the modd, we explored a range of
assumptions that are less redrictive to wind.  We recognize that a complete analyss of the modd
would dso include a series of pardld cases that test more redrictive assumptions, and suggest
such an exercise as an area of future research. Despite our emphess on less redrictive
sengtivity runs, we fed the results ducidate the relative importance of many of the parameters in
the modd. We hope the description of the modd we provide will contribute to the generd
understanding of how NEMS treats renewable energy technologies such as wind. We aso expect
this report to foder further discusson by highlighting key aess in which to focus future
refinements of the modd.

THE REPRESENTATION OF WIND IN NEMS

Modd Structure

In NEMS, the Electricity Market Module (EMM) selects new capacity additions to the eectric
power system a the regiond level based on economic and resource andyses of inputs from
vaious submodules. Figure 1 illugrates the function and relaionship of these modules. The
Renewable Fues Module (RFM) passes technology and resource data between the EMM and the
technology-specific  renewable energy submodules. To determine wind power capacity
additions, the RFM governs the flow of data between the Wind Energy Submodule (WES) and
the EMM. The WES contains detalled U.S. wind energy resource and technology data in a
series of input files Using these data, WES calculates, for each year, the available capacity in

2The Kyoto analysis was conducted by EIA to assess the possible effects of reducing U.S. carbon emissions under a
carbon permit trading scheme. The 1990 +24% Scenario represented a target in 2020 of carbon emissions 24%
higher than were emitted in 1990.



Figurel. NEMSModd Structure: TheEMM, RFM and WES
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Figure2. Wind Resource and Electricity Supply Regionsin NEM S

Source: The National Energy Modeling System: An Overview 1998, Energy Information Administration



each region and the capacity factors for each wind class, region and subperiod. All other generd
technology input data that do not vary by region, including the overnight capital cost, economic
life, construction profile, fixed operations and maintenance (O& M) costs, renewable energy
production incentives under the Energy Policy Act of 1992 (EPAct), forced outage rates and
learning characterigtics, are passed directly to the EMM from its Electric Capacity Planning
(ECP) datainput file, caled ecpdat.

Input Data

The wind resource data supplied exogenoudy to NEMS are based on a 1993 Pecific Northwest
Nationa Laboratory (PNNL) study which estimated the wind resource potentia of available land
in the U.S1 The mode contains a regiond description of this wind resource that characterizes
the potential energy available in each of three wind classes. These wind classes correspond with
the standard definitions of class 6, 5 and 4, as shown in Table 1a2 As in the EMM, the wind
resource for the continental U.S. is divided into 13 regions (Figure 2). In each region, wind
classes are subdivided into three “buffer zones’ (zones 1, 2 and 3) which account for the distance
between the wind ste and the nearest 115 kV or 230 kV transmisson line. This structure for
assessing the nation’s wind resource creates nine wind resource categories per region. The buffer
zones, defined in Table 1b, include land within 20 miles of a trangmisson line as suitable for
devdopment. Windy land outsde of this area is diminaed. The wind resource potentidly
available in dl wind classes and buffer zones in NEMS totas over 2500 GW. An output from
NEMS of wind energy potentia by wind class and buffer zone is shown in Table 2.

Table la. Wind Class Definitionsin NEM S

NEMS Classification

Standard Terminology

Average Wind Speed

Class 1
Class 2
Class 3

Class 6
Class5
Class 4

Above 14.5 mph (6.5 m/s)
13.4-14.5mph (6.0- 6.5 m/s)
12.4-13.4mph (5.6 - 6.0 m/s)

Source: NEMS Renewable Fuels Module Documentation Report: Wind Energy Submodule

Table 1b. Wind Buffer Zone Definitionsin NEM S

Buffer Zone Distance to Transmission Line * (miles)
1 0-5
2 5-10
3 10-20

1In NEMS, buffer zone refersto the distance to tranmission lines.
2Existing 115 kV or 230 kV transmission lines.

Source: wesareainput file

IAccording to the Wind Energy Submodule documentation, available land does not include environmentally
protected lands (e.g., parks and wilderness areas), all urban lands, all wetlands, 50 percent of forest lands, 30 percent
of agricultural lands, and 10 percent of range and barren lands.

2NEMS refersto these classes as 1, 2 and 3, respectively.



Asde from resource characterization, NEMS dso contains cost data for wind capacity. For wind
and many other renewables, capita cost is particularly important because there are no fud cods.
The capitd cods for dl technologies in any year and region ae a function of many factors,
which makes determining the actud cost seen by the modd more difficult. NEMS darts with
exogenous vaues and modifies these in the EMM with various multipliers, as described below.

Table2. Wind Generation Potential by Wind Classand Buffer Zone (GW)* %3

AEO099 REFERENCE CASE
Wind Class 6 Wind Class 5 Wind Class 4
Region buffer zone 1| buffer zone 2| buffer zone 3| buffer zone 1| buffer zone 2| buffer zone 3| buffer zone 1 | buffer zone 2| buffer zone 3 Total
ECAR 0.0 0.0 0.0 0.2 0.1 0.2 1.9 0.8 0.9 4
ERCOT 0.0 0.0 0.0 0.0 0.0 0.0 25 2.7 5.1 10
MAAC 0.0 0.0 0.0 0.0 0.0 0.0 6.1 2.6 0.9 10
MAIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
MAPP 0.0 0.0 0.0 35.4 29.1 40.0 579.2 352.8 425.0 1462
NPCCINY 0.0 0.0 0.0 0.1 0.1 0.1 1.9 0.8 0.5 4
NPCC/NE 0.1 0.0 0.1 15 0.9 1.4 2.7 1.6 1.0 9
SERC/FL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
SERC/STV 0.1 0.0 0.0 0.2 0.2 0.2 0.6 0.3 0.3 2
SPP 0.0 0.0 0.0 0.0 0.0 0.0 228.2 134.7 133.0 496
WSCC/NWP, 28.1 18.1 26.1 211 12.2 17.0 75.9 49.8 67.1 315
WSCC/RA 10.3 5.6 7.9 0.3 0.4 0.7 83.2 50.8 45.7 205
WSCC/CNV 5.7 1.9 0.6 2.4 1.2 0.9 4.8 1.7 1.4 21
U.S. 44 26 35 61 44 60 987 599 681 2537

This wind generation potential is used for the entire forecast period (through 2020).
2Wind classes 6, 5 and 4 correspond to classes 1, 2, and 3 in NEMS, respectively. See Table 1a for wind class definitions.
%In the NEMS framework, buffer zone refers to the distance from transmission lines. See Table 1b for wind buffer zone definitions.

The initid vaues br these economic data for wind are shown in Table 3 (in 1997$). One key
input parameter to note is the congdruction lead time of three years. This dday influences the
build decisons for wind, as for other technologies, in severa ways. Mogt directly, it affects the
cogt cdculation of wind by discounting the effect of learning, and it dso has repercussons in the
functioning of the supply congtraints applied to wind power, both discussed |ater.

NEMS aso dats with exogenous vaues for the capacity factor by wind class. These nationd
annuad cgpacity factors, shown in Table 4, are input in five-year intervas. Yealy vadues ae
linearly interpolated from these five-year increments. The capacity factor inputs, based on two
1990 Science Applications International Corporation studies, are predicted to increase as the
technology advances. The highest capacity factor, class 6 in 2020, is predicted to reach 40
percent. Class 5 and 4 wind resources in this same year are given a 37 percent and a 34 percent

capacity factor, respectively.

Power plants that are reported by generators as under development or are mandated by states are
gpecified exogenoudy in NEMS and referred to as “planned additions” Of the 800 MW of wind
that is added between 2000 and 2020 in the AEO99 Reference Case, over 700 MW are planned
additions. Only a fraction of the wind capacity added in the Reference Case is added by the
model logic as aresult of the technology's economics.




Table 3. Initial Wind Cost Variable Input Values

Vaiable Initial Vaue Source
Overnight Capital Cost (1) $725/kW (2) EIA Interna Review (3)
Fixed O&M $25.94/kW (4) EPRI 1993 Technical Assessment Guide
Varigble O&M $O/KW EPRI 1993 Technical Assessment Guide
Construction Lead Time 3years EPRI 1993 Technical Assessment Guide
Capacity Credit 0.75 * Capacity Factor EIA Interna Review
Production Credit 1.63 ¢/kWh (5) through 1999(6 Energy Policy Act of 1992
0 ¢/kWh 2000 - 2020

(1) Actually the fifth-of-a-kind overnight capital cost.

(2) Converted to 1997% from NEM S input value of $540 in 1987% using a GDP implict price deflator. In the AEO2000,
EIA has updated the capital cost to $916/kW (19973%).

(3) Based on discussions with industry, government and national laboratory sources.

(4) Converted to 1997$ from NEM S input value of $19.31 in 1987$.

(5) Converted to 1997% from NEM S input value of 1.21 ¢/kWh in 1987$.

(6) If aplant isbuilt in or before 1999, it receives this credit for 10 years. If itisbuilt in 2000 or later, it
receives no production credit.

Source: ecpdat input file

Table 4. National Capacity Factors by Wind Class*

Capacity Factor
Y ear Class6 Class5 Class4
1990 0.26 0.23 0.20
1995 0.30 0.27 0.24
2000 0.32 0.29 0.26
2005 034 031 0.28
2010 0.36 0.33 0.30
2015 0.38 0.35 0.32
2020 040 0.37 0.34

'Wind classes 6, 5 and 4 correspond to classes 1, 2 and 3in NEMS, respectively.
See Table lafor wind class definitions.

Source: westech input file



Cdculations and Outputs

The Wind Energy Submodule (WES)

The WES both determines the potentia wind resource and tracks the remaining wind resource as
cgpacity is built.  In addition, the WES cdculaes dl wind-specific regiondly varying
components  affecting the cost of wind generation, specificadly the capacity factor and the
transmisson and digribution (T&D) adder. The WES dso supplies capitd cost multipliers for
wind each year to he EMM tha are based on the available resource, according to both national
and regiond supply curves. This section describes each of these functions.

A primary role of the WES is to tabulate the available wind capacity data for the EMM and track
resource development. Available wind capacity for the current year is determined, by wind class
and then buffer zone, such that al class 6 (buffer zone 1 fird, then zone 2, then zone 3) resources
are depleted before any class 5 or 4 resources are developed. Once the EMM builds new wind
capacity, wind energy supplies are accordingly reduced in the WES.

Table5. EMM Time Slicesfor Wind Capacity Factors

Timedice Month Time of day
1 June - September 7:00- 18:00
2 June - September 5:00 - 7:00, 18:00 - 24:00
3 June - September 0:00-5:00
4 December - March 7:00- 18:00
5 December - March 5:00 - 7:00, 18:00 - 24:00
6 December - March 0:00- 5:.00
7 April - May, October - November 7:00- 18:00
8 April - May, October - November 5:00- 7:00, 18:00 - 24:00
9 April - May, October - November 0:00-5:00

Source: wesliceinput file

The WES dso cdculaes regiond, time-dependent capacity factors based on nationa capacity
factor inputs. These time-dependent capacity factors are based on what NEMS terms time dlices,
which divide the year into three seasona and three hourly subperiods (Table 5). Each time dice
is asdgned an “energy fraction” multiplier that equas the fraction of the annua generation
expected during that season and time-of-day category in a given region. The multipliers for Al
of the energy fraction time dices in a given region sum to 1.00. Each time dice is ds0 assgned
a “time fraction” multiplier that corresponds to the number of hours in each time period reative
to the totd hours in a year. The rdio of energy fraction to time fraction in each time dice, which
is used as a cgpacity factor multiplier in NEMS, is listed by region in Table 6. The regiond, time
dice capacity factors caculated in the WES are the product of the nationd average capacity
factor and the regiond capacity factor multiplier:



regional time slice capacity factory c =
nationa capacity factory . * energy fraction / time fraction

wherer = region, y = year, and ¢ = wind class.

This gtructure results in a total of nine time dice capacity factors for each wind class, region and
year. The regiond time dice capacity factors are then averaged to produce a single average
capacity factor for each region, in each year, based on the best available wind class that can be
developed that year. The averages of the time dice capacity factors for each region in the
AEO99 Reference Case are summarized in Table 7.

Table 6. Capacity Factor Multiplier! by Time Slice? and Region

Time Slicé

Region 1 2 3 4 5 6 7 8 9 avg min max
ECAR 1.21 0.41 0.31 1.36 1.05 1.01 1.42 0.79 0.67 0.92 0.31 1.42
ERCOT] 0.96 0.90 0.71 1.16 0.90 0.87 1.25 0.97 0.91 0.96 0.71 1.25
MAAC 0.76 0.49 0.56 1.39 1.22 1.26 1.21 0.91 1.00 0.98 0.49 1.39
MAIN 1.03 0.54 0.34 1.36 1.01 0.96 1.44 0.88 0.73 0.92 0.34 1.44
MAPP 1.07 0.51 0.51 1.18 0.95 0.96 1.44 0.96 0.90 0.94 0.51 1.44
NY 0.96 0.37 0.26 1.64 1.27 1.25 1.24 0.77 0.57 0.92 0.26 1.64
NE 1.04 0.51 0.43 1.33 1.04 1.03 1.37 0.87 0.81 0.94 0.43 1.37
FL 0.73 0.65 0.59 1.32 1.10 1.12 1.21 1.06 1.00 0.97 0.59 1.32
STV 1.25 0.55 0.43 1.52 0.86 0.87 1.40 0.67 0.59 0.90 0.43 1.52
SPP 0.96 0.90 0.71 1.16 0.90 0.87 1.25 0.97 0.91 0.96 0.71 1.25
NWP 0.95 0.58 0.44 1.35 1.14 1.14 1.27 0.87 0.79 0.95 0.44 1.35
RA 1.04 0.63 0.56 1.34 0.92 0.99 1.32 0.84 0.87 0.94 0.56 1.34
CNV 1.13 1.81 1.56 0.64 0.70 0.61 0.74 1.05 0.94 1.02 0.61 1.81

1The capacity factor multiplier is used to derive a specific capacity factor from the average capacity factor (by wind class) for each of the nine time slices.
The capacity factor multiplier equals the energy fratédivided by the time fraction for each time slice.
°Time Slice Definitions:

Slice Months Hours Num Hours Num Months percent of year
1 June-Sept 7:00-18:00 11 4 15%
2 June-Sept 5:00-7:00,18:00-24:00 8 4 11%
3 June-Sept 0:00-5:00 5 4 7%
4 Dec-March 7:00-18:00 11 4 15%
5 Dec-March 5:00-7:00,18:00-24:00 8 4 11%
6 Dec-March 0:00-5:00 5 4 7%
7 April-May,Oct-Nov 7:00-18:00 11 4 15%
8 April-May,Oct-Nov 5:00-7:00,18:00-24:00 8 4 11%
9 April-May,Oct-Nov 0:00-5:00 5 4 7%

3The energy fraction multiplier equals the fraction of the annual generation expected during that season and time slice, defined as follows:

Time Slice

Region 1 2 3 4 5 6 7 8 9 SUM
ECAR 0.19 0.05 0.02 0.21 0.12 0.07 0.22 0.09 0.05 1.00
ERCOT] 0.15 0.10 0.05 0.18 0.10 0.06 0.19 0.11 0.06 1.00
MAAC 0.12 0.06 0.04 0.21 0.14 0.09 0.19 0.10 0.07 1.00
MAIN 0.16 0.06 0.02 0.21 0.11 0.07 0.22 0.10 0.05 1.00
MAPP 0.16 0.06 0.04 0.18 0.11 0.07 0.22 0.11 0.06 1.00
NY 0.15 0.04 0.02 0.25 0.14 0.09 0.19 0.09 0.04 1.00
NE 0.16 0.06 0.03 0.20 0.12 0.07 0.21 0.10 0.06 1.00
FL 0.11 0.07 0.04 0.20 0.12 0.08 0.19 0.12 0.07 1.00
STV 0.19 0.06 0.03 0.23 0.10 0.06 0.22 0.08 0.04 1.00
SPP 0.15 0.10 0.05 0.18 0.10 0.06 0.19 0.11 0.06 1.00
NWP 0.15 0.07 0.03 0.21 0.13 0.08 0.20 0.10 0.06 1.00
RA 0.16 0.07 0.04 0.20 0.10 0.07 0.20 0.09 0.06 1.00
CNV 0.17 0.20 0.11 0.10 0.08 0.04 0.11 0.12 0.07 1.00

Table 7. Wind Average Regional Capacity Factors®
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AEO99 REFERENCE CASE

Region 1995 2000 2005 2010 2015 2020
ECAR 0.26 0.29 031 0.33 0.35 037
ERCOT 0.23 0.26 0.28 0.30 0.32 034
MAAC 0.23 0.26 0.28 0.30 0.32 034
MAIN 0.23 0.26 0.27 0.29 031 033
MAPP 0.26 0.29 031 033 0.35 037
NPCC/INY 0.26 0.29 0.30 0.32 034 0.36
NPCC/NE 0.29 031 0.33 0.35 0.37 0.39
SERC/FL 0.23 0.26 0.28 0.30 0.32 034
SERC/STV 0.29 0.32 034 0.36 0.38 037
SPP 0.23 0.26 0.28 0.30 0.32 034
WSCC/NWP 0.29 031 0.33 0.35 0.37 0.39
WSCC/RA 0.29 0.32 034 0.36 0.37 0.39
WSCC/CNV 0.29 0.31 0.33 0.35 0.37 0.39

‘The NEM S Renewable Fuels Module (RFM) estimates a wind capacity factor for each of nine separate time-of-year sl
A time-of-year slice is defined by one of 3 time-of-day periods and one of 3 month-of-year periods (3 x 3 =9 slices)
The average regional capacity factor represents the average of these values, weighted by the amount of timein ea

Because transmisson and didribution from remote wind dtes represent an additiond cost
important to wind, the WES is dso responsble for determining a wind-specific tranamisson cost
adder. This vaue is taken directly from the westech input file and varies both regiondly and by
buffer zone. The transmisson cost adder for each region is shown by buffer zone in Table 8.
This value can increase the overnight capital cost of wind by up to 10 percent.

Table8. Transmission Extension Costs' by Region and Buffer Zone?

Transmission and Distribution Adder (1997$/kW)
Buffer Zone 1 Buffer Zone 2 Buffer Zone 3

Region 0- 5 Miles 5-10 Miles 10 - 20 Miles
ECAR 109 326 65.3
ERCOT 110 330 66.1
MAAC 148 443 83.7
MAIN 102 30.6 61.3
MAPP 105 314 62.9
NY 121 36.3 725
NE 117 351 70.1
FL 83 250 50.0
STV 134 403 80.6
SPP 130 3.1 782
NWP 116 A7 69.3
RA 85 254 50.8
CNV 145 435 87.0

'This tranmission extension cost is added to the capital cost of wind. It is speci
to wind, and additional to the standard T& D cost applied to all technologie
’In NEMS, buffer zone refers to the distance from transmission lines.

Source: westech input file
Findly, in each forecast year, the WES sdects the appropriate set of short- and long-term supply
curve multipliers that are applied to the capita cost of wind (referred to as dadticities in NEMYS),
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based on the current ingtdled capecity by region. These vaues are passed to the EMM where
they are used in credating three supply steps. The short-term supply congtraints are applied
nationdly and represent manufecturing, Sting and condruction limitations to rapid expanson
relative to exiging cgpacity. The short-teem wind capitd cost multipliers are designed to
increase the capitd cost by 1 percent for every 1 percent ordered that exceeds 20 percent of the
prior year's indaled wind capacity. Because there is a three-year condruction period, this
pendty occurs much more readily than if the cost were gpplied when the annua growth rate was
higher than 20 percent.While this was EIA's intent, the implementation in NEMS diverges from
this description and the pendty is effectivdly much larger than 1 percent for each 1 percent in
orders above 20 percent. The linear program used for capacity expanson decisons in NEMS
uses only three supply steps which are defined by the 20 percent and a maximum order amount,
st at 300 percent in the AEO99 Reference Case. The first step, which has no cost pendty, is the
gze of 20 percent of last year's capacity. The second step is equa to half way between the 20
percent and 300 percent, or 140 percent of capacity. Within this step, the average increase in
ingdlations above 20 percent is 70 percent, so the cost pendty associated with this step is
assumed to be 70 percent (in keeping with the concept of a 1 percent increase in cost for every 1
percent in orders grester than 20 percent of existing inddlations). While mechanicaly sound,
this means that the firs time the orders exceed 20 percent of the ingdlations in place in the
previous year, the capital cost of wind increases by 70 percent. This cost increase effectively
eliminates any further wind development in thet year.3

The long-term cost multipliers are gpplied regiondly and are based primarily on assumptions
about locd resource deveopment. These supply condraints account for any Ste-specific
consderations that increase wind plant development costs other than average annua wind speed
and interconnection distance, including (1) al other naturd resource limitations, such as dope or
icing, (2) cogts of upgrading the exising transmisson and didribution network, and (3) 4l
market condraints, such as environmenta, culturd and dternative land use issues  The
reasoning behind the increase n codt is that the best stes would be used firgt within a region and
successve gtes would be more expensve.  The cost multipliers may adso reflect a perceived
uncertainty associated with the PNNL wind resource estimates. EIA uses the Cdifornia and
Northwest estimates as the bads for digtributing wind resources for other regions# The regiond
supply multipliers are composed of five different steps, determined by the fraction of the wind
resource that has been depleted (Table 9). In successve seps, the capital cost of wind is
increased by 20 percent, 50 percent, 100 percent and 200 percent. In each forecast year, the
gpplicable multiplier associated with current resource depletion is passed to the ECP and added
to each of the short-teem multiplier steps.  While the multiplier associated with each dep is
uniform across regions, the capacity development at which they are applied varies. The regions
with the most wind potentid (.e, MAPP and SPP) have the deepest deps.

3The maximum order amount has been reduced to 100 percent in the AEO2000 in order to reduce the step size and
decrease the cost penalty of the initial step. In addition, the share of capacity that can be ordered at no additional
cost wasincreased to 30 percent and the cost penalty was reduced to 0.5 percent.

4For AEO2000, EIA has increased the proportions of total wind resources in the lowest cost categories for the CNV
and ERCOT regions.
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Table 9. Wind Long-term Supply Curve Specificationl by Share of Regional Wind Potential

AEO99 REFERENCE CASE
Region Regional Supply Curve Specification
STEP 1 STEP 2 STEP 3 STEP 4 STEPS5
capcost | resourcethreshold | capcost | resourcethreshold | capcost | resourcethreshold | capcost | resourcethreshold | capcost | resource threshold
multiplier % GW multiplier % GwW multiplier % GW multiplier % GW multiplier % GW
ECAR 1.0 0% 0 1.2 10% 0.4 1.5 20% 0.8 2.0 30% 1.2 3.0 40% 1.6
ERCOT 1.0 0% 0 1.2 15% 1.5 1.5 25% 2.6 2.0 48% 4.9 3.0 93% 9.6
MAAC 1.0 0% 0 1.2 10% 1.0 1.5 20% 1.9 2.0 30% 2.9 3.0 40% 3.8
MAIN* 1.0 0% 0 1.0 40% 0.0 1.0 50% 0.0 1.0 60% 0.0 1.0 70% 0.0
MAPP 1.0 0% 0 1.2 1% 7.3 1.5 2% 21.9 2.0 5% 65.8 3.0 8% 109.6
NY 1.0 0% 0 1.2 10% 0.4 1.5 20% 0.7 2.0 40% 1.4 3.0 60% 2.1
NE 1.0 0% 0 1.2 10% 0.9 1.5 20% 1.8 2.0 40% 3.7 3.0 60% 5.5
FL* 1.0 0% 0 1.0 10% 0.0 1.0 20% 0.0 1.0 30% 0.0 1.0 50% 0.0
STV 1.0 0% 0 1.2 10% 0.2 1.5 20% 0.4 2.0 40% 0.7 3.0 60% 1.1
SPP 1.0 0% 0 1.2 1% 2.5 1.5 2% 7.4 2.0 5% 22.3 3.0 8% 37.2
NWP 1.0 0% 0 1.2 3% 7.9 1.5 7% 21.4 2.0 10% 30.3 3.0 10% 31.9
RA 1.0 0% 0 1.2 2% 4.1 1.5 4% 8.2 2.0 8% 16.4 3.0 18% 36.9
CNV 1.0 0% 0 1.2 12% 2.5 1.5 16% 3.2 2.0 19% 3.9 3.0 23% 4.7
total - - 0 - - 29 - - 70 - - 153 - - 244

In agiven vear, the regional supply constraint multiplier is applied to the effective capital cost of winl. The appropriate capital cost multiplier is dependent
on the amount of existing wind capacity in a given region relative to the total available wind resource in that region. The capital cost multiplier for step N
isused if the ratio of existing regional capacity to regional renewable potential is greater than the resource threshold for step N, but less than the resource
threshold for step N+1.

2The effective capital cost of wind is the overnight capital cost of wind (exogenous) modified by learning curve multiplier and generic regional cost multipliers.

*Capital cost multiplier in regions 4 and 8 always equals 1.0 because there is no wind resource in those regions.

3Resource threshold is expressed as a percentage of total wind resource in a given region and in absolute capacity values.
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Although implemented a the regiond levd, the severity of these multipliers is most eedly seen
a the nationd level. These deps are dructured such that only 1.5 percent of the tota nationa
potential wind resource in NEMS is available in the first block (no cost multiplier), 1.6 percent in
the second block (20 percent cogt multiplier), and 3.3 percent in the third block (50 percent cost
multiplier). The remainder, 3.5 percent in the fourth block (100 percent cost multiplier) and over
90 percent in the last block (200 percent cost multiplier), is dlocated such that cepitd cost
essentidly diminates this resource from potentia development.

The Electricity Market Module

The EMM determines new capacity addition projections based on capacity, performance and
cost data by region for each technology. The factors that are evauated to determine the market
share dlocated to wind include generd cost and performance vaues (supplied by the ECP),
regiona capacity factor vaues and available capacity (both supplied by the WES).

Table 10. Factors Affecting Capital Cost*

Variable Vauefor Wind Source
Regional Multipliers varies. 0.86t01.12 EIA Internal Review?
Elevation Multiplier 10 EIA Internal Review
Project Contingency Multiplier 1073 EIA Internal Review
Optimism Factor 10 EIA Internal Review
Learning Curve Multiplier starts at 1.434 (in 1995) EIA Internal Review

reaches 1.0 in 2000
0.925in 2020 (Case 0) or
0.62 in 2020 (Case 123458)

Regiona Long-Term 5 steps: costsincrease by Argonne National
Supply Multipliers 20%, 50%, 100%, 200% Laboratory
National Short-Term 1% for every 1% capacity addition
Supply Multipliers that exceeds 20% of the previous
year'stotal installed capacity EIA Internal Review

! Values listed are for wind, although these multipliers also exist for other technologies.
2 Based on discussions with industry, government and national laboratory sources.

Source: ecpdat and westech input files

The ECP provides the EMM with nationdly condgtent cost data for wind. As with dl
generation technologies, the input vadues for these variables are then modified by optimism
(aways 1.0 for wind because it is a conventiond technology), learning and other multipliers.
Table 10 details many of the key multipliers that are applied to the capital cost of wind as a result
of modd cdculations. With the exception of the short- and long-term supply curves, these
multipliers are not addressed in any detall here. It should aso be noted that these multipliers are
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goplied to dl technologies, dthough the vdues liged in Table 10 are unique to wind. The
learning curve for wind in NEMS is applied nationaly and is based on both domedtic and,
indirectly, international wind development. Capita costs are assumed to be reduced by 8 percent
for each doubling of cgpacity from the firg to the fifth unit and then decrease by 5 percent for
each doubling thereafter. ' 2 Fgure 3 tracks the learning curve multiplier over time in the AEO99
Reference Case and in severd of the sengtivity andyss cases.  In the AEO99 Reference Case,
the learning curve multiplier is grester than 1.00 during the early years (darting a 1.43 in 1990),
drops fairly quickly to 1.00 by the year 2000, and then dowly flattens to 0.92 by the year 2020.
This scding is in keeping with the fact that the input values in the ecpdat file — as well as those
reported in the AEO99 documentation — are fifth-of-a-kind costs. Thus, in the Reference Case,
wind's capitd cost in 1990 is actualy 143 percent higher than the ecpdat input vdue and by
2020 the capitd cogt of wind is only 92 percent of the input vaue. In a case in which dl
condraints and multipliers have been removed and the overnight capitd cost has been reduced
by hdf (Case 123458), reaulting in 152 GW of ingaled wind capacity by 2020, the learning
multiplier reaches 0.62, a 38 percent decrease in capital cost from the input vaue.

Figure 3. Wind Learning Curve Factorsthrough Time
WITH TOTAL INSTALLED CAPACITY NOTED IN 2000 AND 2020
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10ne unit of wind isa50 MW wind plant.

2U.S. Department of Energy, Energy Information Administration, Assumptions to the Annual Energy Outlook 1999,
December 1998.
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Although the cogt of wind is decreasing over time as a result of learning, the congtruction lead-
time for wind causes NEMS to use the cogt of wind in one year to determine what is ready for
operation three years later. This time-lag may dightly disadvantage wind because the mgority of
its condruction delay is dtributable more to dting and permitting than turbine congruction,
which actudly happens later in the process. This gdtudtion is in contrast to more traditiond
technologies where plant condruction can begin more immediately and, therefore, costs are more
judtifidbly based on the year the plant is ordered. The condruction lead time effectively discounts
the cost reduction attributed to learning.

Along with the generd cost and peformance inputs, the ecpdat input file aso provides a
regiond multiplier, based on labor and equipment codts, to the EMM, where it is gpplied to the
capitd cost.  Every technology in NEMS is subject to this regiond multiplier, dthough the
multiplier does vary by technology. For example, the regiond multiplier for wind in the MAPP
region is 1.01 while for wind in the CNV region it is 1.07. As a reault, the ratio of the costs for
wind in the two regions is generdly 1.059. The capitd cods, excluding the short-term cost
multipliers, are output in the EMMREPT report, dong with the values for the various regiond
and nationa multipliers. Table 11 shows the cods for a subset of scenarios (explored later in this
report) for MAPP and CNV as wdl as the vaue of the long-term cost multiplier in CNV. The
cost dedlines over time in these cases are due to the learning multiplier. In the permit cases,
when more wind capacity is built, the cost declines are greater due to increased learning. Some
of the sengtivity cases discussed later aso illudrate the impact of the long-term resource cost
multipliers

Table11. Wind Capital Costs (1997%/kW)
EXCLUDING SHORT-TERM COST MULTIPLIERS

2000 2005 2010 2015 2020

MAPP Region
Reference 0 785 753 742 735 726
Permit O 785 752 723 6381 649
Permit 1 785 752 723 631 649
Permit 2 785 752 723 645 598
Permit 5 785 751 714 603 545
CNV Region
Reference 0 832 797 786 778 769
Permit O 832 797 766 866 825
Permit 1 832 797 766 721 683
Permit 2 832 797 765 683 634
Permit 5 832 79% 757 639 577
Long-Term Cost Multiplier in CNV
Reference 0 1.00 1.00 100 1.00 100
Permit O 100 1.00 100 120 120
Permit 1 100 1.00 100 1.00 100
Permit 2 100 1.00 100 1.00 100
Permit 5 1.00 1.00 1.00 1.00 1.00
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Table 12. Wind Regional Effective Load-Carrying Capability™ 2

AEO99 REFERENCE CASE
Region 1995 2000 2005 2010 2015 2020
ECAR 024 0.26 0.28 0.30 031 0.33
ERCOT 017 0.18 0.20 021 0.23 024
MAAC 013 0.15 0.16 017 0.18 0.19
MAIN 018 0.20 021 0.23 0.24 0.26
MAPP 021 0.23 024 0.26 0.28 0.29
NPCC/NY 0.19 021 022 023 0.25 0.26
NPCC/INE 0.23 0.25 0.26 0.28 0.29 031
SERC/FL 013 0.14 015 0.16 0.17 018
SERCI/STV 027 0.30 031 0.33 0.35 034
SPP 017 0.18 0.20 021 0.23 0.24
WSCC/NWP 0.25 0.27 0.29 0.30 0.32 034
WSCC/RA 0.23 0.25 0.26 0.28 0.29 031
WSCC/CNV 0.25 0.27 0.28 0.30 0.32 034

'Effective Load-Carrying Capability (ELCC) represents the reliability benefit from an intermittent resource,
expressed as kW of effective load-carrying capability per kW of installed capacity.
*EL CC equals 75% of the capacity factor of aregion at the peak time period (alwaystime slice 1).

Another function of the EMM is to assess a capacity credit for each technology based a least
patidly on its reigbility as a pesk energy resource.  The effective load-carrying capability of
wind as an intermittent generation source is determined in NEMS by a scding factor called the
Load Capacity Credit (LCC). This capacity credit determines the amount of duplicate capacity
that must be built to guarantee power for potentialy unserviced load that could result from the
intermittency of the wind resource. The additional capacity serves as reserve to be used when
the wind resource is unavallable. The EMM an LCC that is equad to 75 percent of the
capacity factor of the pesk time period in that wind region and class. This LCC means, for
example, that for a 33 percent peak capacity factor, the effective load-carrying capability would
be 0.33 x 0.75 KW/KW ingdled, or 0.25 kW/KW ingdled. This devauation of the capacity credit
of wind dgnificantly reduces the economic competitiveness of this technology in NEMS. Table
12 contains the average regiond effective load-carying cgpdbilities in five-year steps.  The
capacity vaues in each region increase over time, from a low of 0.14 in 2000 to as high as 0.34
in 2020.

Also incorporated in the EMM ae two condants that function as upward bounds on regiond
wind power deveopment in a given year. The firs of these regiond bounds, the intermittency
gengation limit, is desgned to limit the contribution of intermittent renewable energy
technologies (solar, wind and photovoltaics (PV) only) to 10 percent of totd generation in a
region. This condraint is imposed due to concerns about system rdiagbility and availability of
these intermittent technologies. While the fraction of intermittent power dlowed in a region has
been limited in previous versons of NEMS, the former bound was 1.5 percent of pesk power.

The option to apply the limit to peak, capacity, or generation, or to switch it off, is a new feature
of the AEO99 verson of NEMS. The second regiond bound, a maximum annud deployment
condraint, prevents more than 1 GW of capacity additions in any one year in any region. This
constraint appears to be an older version of the short-term dadticity concept, but it is dill active.
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The EMM employs a two-step process when determining market shares for individua energy
technologies. In each year, a linear programming (LP) optimization is performed first, where the
future cost of the dectricity supply over the planning horizon is minimized based on expected
future dectricity demands, the cost of dternative technologies and expected future energy prices,
subject to a variety of conditions. Next, the technology-specific deployment decison is modified
by an dgorithm that gives some share to technologies thet were close to being least-cost but were
not sdected in the optimization. Figure 4 shows an example of the effect of this market sharing
for a case in which there are just two technologies. As is evident from the curve, the fraction of
the market dlocated to technologies that are not the least-cost option quickly becomes
inggnificant, the father these options are from the most competitive. This market sharing
gpproach prevents "knife-edge’ solutions, and makes the effects of condraints less digtinct. The
market sharing does not substantidly change the market fraction sdected by the LP for each
technology, but does dlow dightly more expensive nascent technologies to gain some share. In
the AEO99 Reference Case, most of the endogenous market share for renewables is provided by
this dgorithm. In the Permit O case, shaing results in more indaled wind capacity during the
early years (prior to 2006) and less in later years, for an overal reduction in capacity of about 8
percent, or 1.1.GW, over the forecast period.

Figure4. Example of Market Sharing

Market Share of Technology 1
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SENSITIVITY ANALYSIS

We teded the sengdtivity of the modd to many of these parameters by varying the same
assumptions in three sets of runs.  scenarios based on the Reference Case minus planned
additions, scenarios with a haf capitd cost minus planned additions and scenarios with a
$100/ton carbon permit price including planned additions. Table 13 ligts the different parameters
that were tested under the various scenarios.

In each of the reference-basad cases in which a condrant or multiplier was relaxed individualy,
wind capacity additions increase only dightly, if a dl. More dgnificant effects of the condrants
ae demongrated when multiple condraints are removed sSmultaneously, or when individud
congraints are removed combined with a reduced capitd cost or a $100/ton carbon permit price.

The results of these scenarios are described in detail beow.

Table 13. VariablesModified for Senditivity Analysis

Scenario Variables M odified
number Scenario Name Variable New Vaue Reference Vaue
0 No Planned Addition$ Planned Additions oMW 707 MW
PLNTDAF input file

1 Regional Supply Curves Long-term Elasticity 1.0foral 10-30
RENDAT input file stepg (5 steps)

2 National Supply Curve Short-term Elasticity 1% per 100% 1% per 1% addition
RENDAT input file addition® induced at 20% of

previous year's capacity
3 Maximum Annual Upper Bound no6w 1GwW
Deployment Limit WESAREA input file

da Capacity Credit Load Capacity Credit 1.00 0.75

4c CREDIT 1.25 0.75

5 Intermittent Generation Limit Intermittent Upward Bound 1.00 0.10

UPINTBND

6 Inter-regional Transmission | Code change/regional variables alowed not allowed
ECPDAT input file

7 L earning-by-Doing Learning Curve 1.00 143-0.92

UPLRNCR
8 Capital Cost Overnight Capital Cost $270/kW 4 $540/kW *
UPOVR

For all Permit cases, planned additions were included.
2In the Permit cases, this constraint was relaxed by increasing the step thresholds to 0.9, 0.96, 0.98
and 0.99 instead of the resource-based values shown in Table 9.
®In the Permit cases, the penalty remained 1% per 1% addition but the threshold was changed to when
builds exceed 300% of the previous year's capacity.
“Valuesarein 1987$.
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Reference Case and Sengtivities

In the AEO99 Reference Case, 0.8 GW of wind energy are added between 2000 and 2020, of
which less than 100 MW ae from unplanned additions. Unplanned additions refer to the
capecity that is sdected for development by the modd logic ad therefore are of greatest interest
in this andyss. To diminate any confuson about the effects of our changes, we ran a new
reference case (Case 0) without the planned additions for wind from 2000 to 2020. In this case,
only 15 MW of wind are added ketween 2000 and 2020. The modd-derived capacity additions
are less than in the Reference Case because the planned additions were contributing to learning
and therefore were reducing future capital costs. The capacity additions that result from each of
the smulations in which condraints were relaxed, dso run without planned additions, are shown
in Table 14. The firg hdf of Table 14 gives the actud capacity additions while the second haf
shows these additions indexed to Case 0.

To test the effects of the various assumptions on Case 0, scenarios were run in which five factors
were changed individudly. These runs included removing the long- and short-term supply curve
multipliers entirdly (Cases 1 and 2),3 increesng the 1 GW annud deployment limit (Case 3),
rasing the capacity credit (Cases 4a and 4c¢),* and diminding the intermittent generation limit
(Cae 5). While ingdled wind capacity is somewhat affected, the changes are not dgnificant in
any of the cases because, in Case 0, wind does not penetrate into the eectric-generation mix
enough to be affected by these assumptions.

A sxth smulation (Case 7) was run to test the effect of the learning curve on projected wind
additions. In this scenario, the learning-by-doing multiplier found in the EMM was set equa to
100 in dl years. Surpriangly, this adjusment had a dight but podtive effect on ingaled
capacity in comparison to Case 0. Because the learning curve in NEMS is sructured so that the
input codt is the fifth-of-a-kind and the multiplier to the capita cos is greater than 1.00 prior to
the year 2000, our method for diminating the learning curve multiplier actudly lowers the
capitd cost in the short term. Subgtantidly more effort would be required to attempt short
arcuiting the curve midway through the forecad, dthough the results would more clearly
illugrate the effects of learning-by-doing if the multiplier was only diminated sarting in 2000.

Scenario Combination

The results of a run in which each of these constraints (with the exception of the learning
multiplier) were removed in the same scenario (Case 12345) are dso shown in Table 14. In this

case, ingtalled wind capacity was up 21 percent to 3.42 GW by 2020. This totd is only dightly
higher than that in Case 4c, implying that in Case 0O, the 0.75 capacity credit is the man factor
influencing wind development.

3These were also removed together in Case 12.

4In two separate cases, the capacity credit was raised to 100 percent (Case 4a) and 125 percent (Case 4c). See
Lilienthal (1990) for a discussion about the potential capacity value of wind if peak loads and output are well
matched.
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Table 14. Total Installed Wind Capacity through Time (GW)?
REFERENCE CASE MINUS PLANNED ADDITIONS SCENARIOS

2000 2005 2010 2015 2020

0 reference case minus planned additions 268 2.68 2.68 2.69 283

1 negated long-term supply curves (regional) 268 2.68 2.68 2.69 2.85

2 negated short-term supply curve (national) 2.68 2.68 2.68 269 295
12 negated long- and short-term supply curves 2.68 2.68 2.68 270 297
3 negated regional deployment limit 2.68 2.68 2.68 2.69 284
4a  raised CC scaling factor (1.0) 268 2.68 2.68 275 3.00
4c  raised CC scaling factor (1.25) 268 2.68 270 2.88 341
5 raised intermittent generation limit (1.0) 2.68 2.68 2.68 2.69 283

7 negated | earning by doing 268 2.68 2.68 270 290
12345 1,2,3,4¢,5 268 268 2.70 2.89 342
8 lowered capital cost by 50% 270 444 7.70 13.39 2243

Indexed Capacity (case O capacity = 1.0)

0 reference case minus planned additions 100 1.00 1.00 1.00 100

1 negated long-term supply curves (regional) 1.00 1.00 1.00 1.00 101

2 negated short-term supply curve (national) 1.00 1.00 1.00 1.00 104
12 negated long- and short-term supply curves 100 1.00 1.00 1.00 105
3 negated regional deployment limit 1.00 1.00 1.00 1.00 1.00
Jda  raised CC scaling factor (1.0) 1.00 1.00 1.00 102 1.06
4c  raised CC scaling factor (1.25) 100 1.00 101 107 120
5 raised intermittent generation limit (1.0) 1.00 1.00 1.00 1.00 1.00

7 negated learning by doing 100 1.00 1.00 1.00 102
12345 1,2,3,4¢c,5 1.00 1.00 101 107 121
8 lowered capital cost by 50% 101 1.66 2.87 498 793

'In all cases, all wind planned additions with online years after the year 1999 are removed from the forecast (-700MW).

Reduced Capital Cost Scenarios (Case 8)

Because capitd cogt plays such a dgnificant role in determining the cost of wind in NEMS, we
ran a smulation (aso without planned additions) with a reduced capitd cost input vdue. The
objective of the scenario was to determine the importance of other assumptions concerning wind
devedopment. When such an extreme case of reducing the overnight capital cost of wind in the
input file by hdf (before learning-by-doing and other factors are assessed) is tested, wind energy
experiences tremendous expanson, dating amost immediaidy. By 2020, gpproximately eight
times the wind capacity, nearly 22.5 GW, is predicted to be developed in comparison to Case 0.

Reduced Capital Cost and Sensitivities

We then used the half capitd cost to further £t the effects of the assumptions about wind energy
development. These results are presented in Table 15. Mogt dramatic of the individua effects
was the response of the modd to the national supply curve with this new capital cost (Case 82).

Table 15. Total Installed Wind Capacity through Time?
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HALF CAPITAL COST MINUSPLANNED ADDITIONS SCENARIO

2000 2005 2010 2015 2020

Installed Capacity

81 8andl 270 4.46 7.74 1319 2.01
82 8and2 271 831 1561 30.62 46.74
812 8and12 271 7.38 16.76 32.85 52.36
83 8and3 270 447 784 1368 22.80
8a 8and4a 274 4.60 7.71 13.38 2325
8c 8and4c 2.74 467 784 1367 24.03
8 8and5 270 447 7.83 14.27 24.62
87 8and7 281 499 832 13.86 214
123458 1,2,3,4c,5and 8 274 1896 38.05 97.79 151.90
Indexed Capacity (case 0 capacity = 1.0)
81 8andl 101 166 2.89 4.90 7.78
82 8and2 101 310 582 11.38 1652
812 8and12 101 2.75 6.25 1221 1850
83 8and3 101 167 293 5.09 8.06
8a 8and4a 102 172 2.838 4.97 822
8c 8and4c 102 174 293 5.08 849
8 8and5 101 167 292 530 8.70
87 8and7 105 186 310 515 7.75
123458 1,2,3,4c,5and 8 102 7.07 1420 36.35 53.67

Indexed Capacity (case 8 capacity = 1.0)

8 lowered capital cost by 50% 100 1.00 1.00 1.00 100
8l 8andl 1.00 1.00 101 0.99 0.98
82 8and2 100 187 203 229 208
812 8and12 100 1.66 218 245 233
83 8and3 100 101 102 102 102
8a 8and4a 101 104 1.00 1.00 104
8c 8and4c 101 105 102 102 107
8 8and5 100 101 102 107 110
87 8and7 104 112 108 104 0.98

123458 1,2,3,4c,5and 8 101 427 494 7.30 6.77

‘In all cases, all wind planned additions with online years after the year 1999 are removed from the forecast (-700MW).

Negating the national supply curve and assuming that there is no cost pendty of ordering large
quantities of wind capacity resulted in a 110 percent increase in indtaled capacity over Case 8 —
to more than 47 GW in 2020. Curioudy, eiminating regiona supply curves (Case 81) reduced
the total capacity relative to the Case 8, by 6 percent; this result, however, may be an atifact of
our methodology.> When both supply curves were diminated (Case 812), inddled capacity

50ur method of relaxing this constraint, which effectively eliminates the steps of the multiplier, changes the LP's
market sharing allocation to wind.
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increased by more than 145 percent. When the capital cost is reduced, the combined effect of
removing the supply curvesis grester than the sum of their individua effects.

As in Case 0, removing the maximum annud deployment limit done (Case 83) had only a
minimal effect on indadled cgpacity. Rasng the capacity credit scaing factor 1.0 (Case 84a)
a0 reaulted in a amilarly smal, 4 percent incresse in capacity over Case 8, while raisng the
intermittency generaion limit with the lower capitd cost (Case 85) resulted in a 10 percent
increase in ingtaled capacity, relative to Case 8.

Fndly, diminaing learning-by-doing (Case 87) does lower ingdled capacity dightly, by 2
percent in 2020. The effect of this multiplier, however, is probably dampened by the fact that it
was turned off prior to the year 2000 in the scenario, making cogts lower in the near term.

Scenario Combination

When dl of these factors were removed in a single scenario (Case 123458), wind experienced
tremendous expansion, reaching nearly 152 GW (over a 500 percent increase) by 2020. While
illugrating that this combined effect is much greater than the sum of the individud effects this
high projection is not a reasonable one because of its extreme assumptions. The following
carbon permit scenarios help further demondrate the impact of multiple, overlapping condraints
acting together when wind is economicaly competitive.

Carbon Permit Scenarios

We executed a smilar set of scenarios while introducing a $100/ton carbon permit (Permit 0),
roughly equivalent to the Kyoto 1990+24% case executed by EIA, to more completely examine
the synergidtic effects of these mulitpliers and condraints, as well as to examine some of the
modd interactions and results in gregter detall. As previoudy dated, the purpose of removing
various multipliers was to understand which assumptions are the most important in affecting
projections. As a result, the scenarios discussed here are not intended to reflect best estimates or
even necessarily represent reasonable projections.

In these scenarios, planned additions from AEO99 were kept intact, and once a congraint was
removed, it remained inactivated in subsequent cases. Table 16 detals the dructure of these
runs. Most importantly, we found in these cases that the effect of the individua congtraints was
damped compared with their combined effect. As multiple condraints were removed in a given
run, the forecast wind capacity changed dramaicdly. An additiond function of NEMS that was
explored in this set of runs is the posshility of dlowing inter-regiond transmisson. This
concept is explained in detail below.

An dternative method for exploring the effects of individud assumptions is shown in the “X”
cases. Inthese cases, only one congtraint was activated and al others were relaxed. The effects

Table 16. Permit Scenarios M odifications
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Case Modification

Permit O $100/ton carbon permit

Permit 1 Permit O + relaxed long-term supply constraint by region
Permit 2 Permit 1 + removed national short-term supply constraint
Permit 3 Permit 2 + removed 1GW/year annual deployment limit
Permit 4 Permit 3 + capacity credit increased from 0.75t0 1.0

Permit 5 Permit 4 + removed regional 10% intermittent generation limit
Permit 6 Permit 5 + enabled inter-regional construction

Permit 1X Permit 5 + default long-term supply constraint

Permit 2X Permit 5 + short-term supply constraint with smaller steps

of the individud factors in the X cases ae more profound than in the cases with multiple
assumptions unaltered.

A summary for the national wind capacity projections across dl of these cases is provided in
Table 17. More detalled capacity and generation projections in these scenarios are shown in
Table 18 for the carbon permit cases for the years 2015 and 2020. The projections for dl the
technology types are shown, so the impact of additiond wind capacity can be seen on the rest of
the dectricity system. The regiond capecity for wind is shown as well.

Table17. Total Ingalled Wind Capacity (GW)
CARBON PERMIT SCENARIOS

2000 2005 2010 2015 2020

Permit O 280 335 484 8.85 1542
Permit 1 2.80 335 481 871 15.62
Permit 2 2.80 337 579 2059 4572
Permit 3 280 337 9.89 42.72 62.52
Permit 4 2.80 344 11.96 4811 64.16
Permit 5 2.80 344 1191 5857 168.30
Permit 6 280 335 6.28 5242 21440
Permit 1X 2.80 344 834 42.50 93.16
Permit 2X 2.80 331 4.88 1112 34.29

$100/ton Carbon Permit (Permit 0)

Imposing a carbon permit price beginning in 2006 and linearly ramping it to $100/ton by 2010
leads to 15.4 GW of wind capacity by 2020. The comparable reference without any permit cost
was 3.6 GW. In contrast, when the various physcad and economic conditions that potentidly
affect wind development, as enumerated in Table 16, are ignored under the $100/ton carbon
permit price (asin Permit 5), 168 GW of wind capacity are instaled by 2020.
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Table 18. Total Ingtalled Capacity (GW) in $100/Ton Carbon Permit Scenarios by Technology and Region

2015
Permit0  Permitl Permit2 Permit3 Permit4 Permit5 Permit 1X Permit 2X Permit 6
Electric Capacity by Technology
Non Renewabl e Technol ogies

Coal Steam 248.0 247.6 248.1 247.8 248.9 246.7 248.8 246.5 247.1
Other Fossil Steam 455 48.5 434 434 39.3 39.3 45.2 47.8 38.3
Combined Cycle 200.2 199.7 198.2 197.8 199.5 201.2 196.1 204.1 201.8
Combustion Turbine/Diesel 150.1 150.2 153.7 153.0 148.7 150.4 150.6 147.9 148.0
Nuclear Power 76.8 76.8 76.8 76.8 76.8 76.8 76.8 76.8 76.8
Pumped Storage 21.5 21.5 21.5 21.5 215 215 215 215 215
Fuel Cells 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Non-Renewable 742.1 744.3 741.7 740.3 734.7 735.9 739.0 744.6 733.5

Renewable Technologies
Conventional Hydropower 79.71 79.71 79.71 79.71 79.71 79.71 79.71 79.71 79.71

Geothermal 4.04 4.06 4.02 3.87 3.91 3.90 3.90 3.53 3.48
Municipal Solid Waste 4.17 4.17 4.17 4.17 4.17 4.17 4.17 4.01 4.01
Wood and Other Biomass 6.70 6.75 6.80 6.73 6.54 6.47 6.48 6.91 6.94
Solar Thermal 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48
Solar Photovoltaic 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46
Wind 8.85 8.71 20.59 42.72 48.11 58.57 42.50 11.12 52.42
Total Renewable 104.40 104.30 116.20 138.10 143.40 153.80 137.70 106.20 147.50
TOTAL 846.5 848.6 857.9 878.4 878.1 889.7 876.7 850.8 881.0
Wind Capacity by Region
ECAR 0.00 0.00 0.18 0.18 0.24 0.18 0.23 0.05 0.26
ERCOT 0.19 0.19 1.20 2.20 2.35 2.36 2.20 0.19 2.28
MAAC 0.00 0.00 0.06 2.32 2.65 2.16 0.68 0.03 0.06
MAIN 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 4.02
MAPP 0.70 0.70 2.72 5.90 5.67 7.34 7.26 0.71 9.45
NPCC/NY 0.01 0.01 0.09 0.07 0.08 0.08 0.08 0.02 0.03
NPCC/NE 0.27 0.27 0.70 0.42 1.37 1.55 1.56 0.31 0.49
SERC/FL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SERC/STV 0.19 0.19 0.43 0.43 0.48 0.48 0.32 0.31 0.32
SPP 0.00 0.00 1.27 7.27 11.21 10.69 4,17 0.05 2.54
WSCC/NWP 0.16 0.07 3.27 9.80 9.87 11.31 13.28 0.14 4.55
WSCC/RA 4.80 3.98 5.07 5.06 5.17 13.14 9.51 217 9.48
WSCC/CNV 2,51 3.29 5.59 9.04 8.99 9.25 3.19 7.11 18.95
TOTAL 8.9 8.7 20.6 42.7 48.1 58.6 425 111 52.4
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2020

Permit0  Permitl Permit2 Permit3 Permit4

247.9
455
2214
186.3
76.8
215
0.0
799.4

79.83
4.81
4.27

23.47
0.52
0.64

15.42

129.00

928.4

0.17
0.19
0.00
0.02
1.19
0.01
0.27
0.00
0.26
0.01
4.23
5.42
3.65
15.4

247.6
483
2214
182.0
76.8
215
0.0
797.6

79.83
4.81
4.27

24.08
0.52
0.64

15.62

129.80

927.4

0.08
0.19
0.00
0.02
0.72
0.01
0.27
0.00
0.58
0.01
1.31
5.44
6.99
15.6

2475
43.0
216.6
189.7
76.8
21.5
0.0
795.1

79.83
4.83
4.27

22.01
0.52
0.64

45.72

157.80

952.9

191
3.08
3.35
0.02
6.10
1.81
1.74
0.00
1.07
5.24
7.85
5.43
8.11
45.7

247.8
425
2155
184.3
76.8
21.5
0.0
788.4

79.83
4.57
4.27

20.69
0.52
0.64

62.52

173.00

961.4

0.36
461
7.47
0.02
6.19
0.25
3.67
0.00
0.97

13.52

10.17
5.50
9.77

62.5

248.3
36.7
2179
187.5
76.8
21.5
0.0
788.7

79.71
4.55
4.27

21.13
0.52
0.64

64.16

175.00

963.7

151
4.67
7.39
0.02
6.19
1.77
2.52
0.00
1.07
13.54
10.19
5.52
9.74
64.2

Permit5 Permit 1X Permit 2X _Permit 6

240.7
32.6
216.3
182.6
76.8
21.5
0.0
770.5

79.71
4.50
4.27

17.57
0.52
0.64

168.30
275.50

1046.0

0.36
4.68
7.40
0.02
25.82
171
2.43
0.00
1.08
56.12
37.25
19.65
11.78
168.3

244.3
41.3
212.8
186.5
76.8
21.5
0.0
783.2

79.71
4.57
4.27

17.60
0.52
0.64

93.16

200.50

983.7

0.63
4.38
3.77
0.02
23.78
0.39
2.18
0.00
0.59
12.92
25.14
14.46
4.91
93.2

246.4
47.1
232.2
174.9
76.8
215
0.0
798.9

79.83
4.27
4.09

22.94
0.52
0.64

34.29

146.60

945.5

0.50
0.19
0.03
0.02
0.71
0.02
0.31
0.00
0.31
0.05
6.14
13.84
12.17
34.3

238.2
25.9
212.5
186.4
76.8
215
0.0
761.3

79.71
4.18
4.09

17.12
0.52
0.64

214.4(
320.6(

1081.9

4.52
12.0¢
4.80
29.76
25.8¢
1.35]
4.60
0.00
1.16|
40.18
23.5¢
25.14
41.29
214.4






Regional Supply Curves (Permit 1, Permit 1X)

In the Permit 1 and 1X cases, the regiond multipliers, which increase costs according to the
fraction of wind resource dready developed, were essentidly removed while ill retaining the
seps associated with the transmisson buffer zones and wind classes! In the Permit 1 case, there
is dightly less wind capacity in 2015 and then dightly more in 2020, and the regiond
digribution is different compared to Permit 0. For example, there is more wind capacity in CNV
and less in MAPP and NWP in 2020. This response indicates that the regiond multipliers were
congtraining the growth in CNV. The capitd costs in Table 17 confirm that the cost multiplier is
20 percent for CNV in Permit 0. The fact that the total nationd capacity does not change very
much and the wind additions in other regions decline shows that something dse, such as the
short-term supply curve, islimiting the total.

The effect of the regiona resource supply curves is more evident when these multipliers are used
while dl the other multipliers and condraints have been removed (Permit 1X). In this case, the
total wind capacity in 2020 is reduced by 45 percent from 168 GW to 93 GW. Not surprisingly,
the amount of wind resource assumed avalable a base cost in each region is an important
assumption in projecting ingtaled wind capecity.

National Supply Curve (Permit 2, Permit 2X)

The Permit 2 case confirms that the short-term supply curve was limiting wind additions in the
Permit 1 case. In addition to removing the long-term supply curves, the short-term multipliers
were minimized in the Permit 2 case?2 The dfect of rdaxing this multiplier is dgnificant,
especidly in the later years 2015 and 2020. Instead of 9 GW of wind in 2015 in Permit O and
Permit 1, 21 GW ae projected in Permit 2. Similaly, without the multiplier, 46 GW are
projected in 2020 as compared to only 16 GW when the multiplier was active.

The effect of the nationd supply curve and its implementation can have a tremendous effect on
otherwise high growth scenarios.  When the multiplier is gpplied usng the default step $zesin a
case which otherwise has dl the other multipliers and congtraints removed, projected 2020 wind
capecity is essentidly the same as in Permit O, compared to 168 GW with dl removed. The
pendty of ordering more than 20 percent of the previous year's capacity is so high that no more
than that capacity is sdected. When the step sze, and therefore the pendty, is reduced by
lowering the maximum order rate to 60 percent (from 300 percent) and dl other condraints are

1in these cases, the steps of the multiplier were preserved. The percent of capacity that could be built at the base
cost was increased to 90 percent of the resource in aregion. The costs were then stepped up by 20 percent. When
96 percent of the capacity was used the costs increased to 50 percent. For each of the last one percent steps, the
costs increased further. These multipliers were kept at the high end for two reasons. Thefirst is that because three
resource steps are passed to the ECP, they need to have different costs. If not, the market sharing algorithm sees
them as equivalent and will give all three some shareif wind is close to being cost effective. The second reason isto
help insure that the market sharing recognizes when the regional resource isamost used up.

2The percent of capacity that could be built in any year without a cost penalty was increased from 20 percent to 300
percent of existing capacity. The cost penalty was retained to ensure that the market sharing would see different
costs for the three steps of wind supply. Otherwise it would give each of three steps the same share if wind is close
to being cost effective.
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removed (Permit 2X), projected wind capacity in 2020 is 34 GW. This reflects the LP choosing
the full 60 percent each year beginning in 2012, dthough the actud share is dightly lower due to
the market sharing.

Annual Regional Deployment Limits (Permit 3)

With the reatively rgpid growth in wind capacity in the Permit 2 case, some regions were being
affected by the limit of 1 GW of wind additions per year in any region. Redaxing this bound by
dlowing up to 10 GW of new capacity per year and adjusting the previous supply congraints,
increases wind capacity as early as 2010 in the Permit 3 case. By 2020 wind capacity is projected
to be 62.5 GW, which is 16.8 GW greater than in Permit 2. The upper bound appears to affect
the timing of the deployment as wel as amply capping the additions in a given year. The
regions that gain in capacity vary over time. In 2010, RA and CNV both gain in capacity, while
capacity in NWP declines dightly. In 2015, the increased capacity occurs in SX regions.
Interestingly, there are a few regions that add less wind without this congraint, especialy New
England in 2015 and ECAR and NY in 2020, compared to Permit 2. It is not clear why some
regions add less wind capacity when this bound israised.

Capacity Credit (Permit 4)

The Permit 4 scenario tests the implications of wind dso being given credit for providing 100
percent of its derated capacity at peek (equa to the peak capacity factor times the nameplate
capacity).  In this scenario, wind capacity is projected to be 13 percent higher in 2015 and 3
percent higher in 2020 compared to Permit 3. In both years, more oil and gas steam plants are
retired as a result of the increased capecity credit for wind, implying that these were previoudy
providing vaue for resarve. The effect on combustion turbines is less clear. In some years and
cases these increase and in some they decrease.

Regional Intermittent Generation Limit (Permit 5)

Findly, the 10 percent intermittent generation limit of the LP was dso removed in Permit 5. In
this scenario, wind capacity is projected to be 168 GW by 2020, more than double that in Permit
4. Thelargest gainsarein MAPP, SPP and the three WSCC regions, as shown in Table 18.

In severd regions the share of generdtion provided by intermittent capacity is very Sgnificant.
By 2020 in the Permit 5 case, MAPP and SPP generate roughly 40 percent of their eectricity
from intermittent sources. This scenario is clearly a very optimisic and unredigtic one, but
illugrates the importance of the various assumptions associated with making projections using
NEMS.

Inter-regional Transmission (Permit 6)
The capacity expanson module of the EMM includes a festure that alows the condruction of
new capacity in one region to serve another region. In the AEO99 Reference Casg, this option is

incorporated only for cod plants that can be congructed in neighboring regions to sdl into
Cdifornia. With continued deregulation, the congruction of merchant plants that are not tied to
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a soecific sarvice teritory will likely incresse the amount of capacity that is built in one region
and transmitted to another. For wind, this could mean that grester use of resources in aress of
low demand growth would be feasble. In this sengtivity case, we have dlowed cod, combined
cycdes and wind plants to dso be congructed in neighboring regions.  Additiond transmisson
costs of 50 percent are included in the capitad costs for the plants, and 5 percent additiond
transmission losses to transmit between regions are assumed.

With our fird set of cases dlowing inter-regiond trade, we uncovered a problem with the way
the model tracked the use of wind resources in aregion when this option isused. Instead of
decrementing the wind resource in the region where the wind capacity was being built, the model
was atributing it to the region where the dectricity was sold. This dlowed it to overbuild in
some regions, while condraining it needledy in othes. The cases shown here reflect the
revised model code where the regional accounting has been changed.

When inter-regiond tranamisson is dlowed and the supply multipliers and other condrants
have been relaxed, condruction favors natural gas combined cycles through 2015 and wind
capacity is dightly lower. By 2020, when gas prices and price expectations are higher and wind
costs are lower due to greater learning, wind capacity increases from 168 GW to 214 GW.
Table 19 compares wind capacity additions by region for the Permit 5 and Permit 6 cases.
Additions are shown for both the region in which the wind resource is used and the region in
which the capecity is condructed. The difference between these is not necessarily the amount
built within a region for that region’'s use because a region may be both an importer and an
exporter.

Table 19. Regional Wind Capacity Additions 1995-2020 (GW)

Permit 6

Region Resource Base Permit 5 Total Built In Region Built For Region
ECAR 4.0 0.4 24 45
ERCOT 10.3 45 89 119
MAAC 9.6 74 6.6 4.8
MAIN 0.0 0.0 0.0 29.7
MAPP 1461.5 251 62.2 252
NPCCINY 35 17 18 13
NPCC/NE 9.2 22 35 43
SERC/Florida 0.0 0.0 0.0 0.0
SERC/STV 18 11 11 12
SPP 4959 56.1 404 40.2
WSCC/NWP 3154 37.2 58.1 23.6
WSCC/RA 204.9 19.6 23.7 25.1
WSCC/CNV 20.7 9.7 21 39.2

TOTAL 2536.8 164.9 211.0 211.0

Much more capacity is congtructed in the west and in MAPP compared to Permit 5. The greatest
inter-regiond transmission is from MAPP to MAIN and from NWP to CNV. In fact, more wind
cagpacity is built in NWP for CNV than is built within CNV, which is a bit surprisng. However,
CNV heas the highest regiona cost multiplier, and the additiond transmisson cost from NWP to
CNV is not that much grester than the transmisson cogt assumed within CNV. As a redult, in
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many years it gopears to be dightly less expensive to build in NWP and tranamit to CNV than to
build there. This highlights the importance of the inter-regiond transmisson cods. For this
cass, it was amply assumed that the transmisson costs would be 50 percent higher than the costs
within the exporting region.

The intermittent generation limit gopears to apply to the region in which the renewable capecity
is condructed rather than the region where the generaion is sold.  Which region is more
gopropriate for the condraint depends on the view of whether the potentid reliability problems
with large portion of intermittents is due to voltage dability issues associated with injection of
power into the grid or due to concerns about coincident outages that would leave customers
without power. Thisissue would need to be addressed if inter-regiond transmission is alowed.

Impacts on Installed Capacity of Other Technologies

In each of the various scenarios, the capacity of technologies other than wind is affected,
dthough not aways uniformly. However, as seen in Table 18, there is generdly a very smdl
impact on conventional capacity relative to the increases in wind capacity. For example, 2020
wind cgpacity increases by 104 GW between Permit 4 and Permit 5, yet non-wind capacity only
declines by 22 GW. This response is due to the difference in capecity factors and capacity
credits between wind and conventiona capacity.

RECOMMENDATIONS

The effects of severd of the assumptions examined in this report are quite Sgnificant in
governing the deployment of wind capacity in NEMS and the results of the sengtivity analyses
help rank the rdative importance of these factors in terms of their impact on technology
development. Based on our findings, we can recommend severd areas in which to focus future
work on the NEMS modd itsdf as well as areas in which modd input data may require revision.
Fird, the rdevance of each of the cost multipliers should be evauated. Redundant factors may
need to be revised or diminated. For example, both the 1 GW maximum annud deployment
limit and the short-term supply curve are designed to moderate growth. Both are probably not
needed. However, in severd of the permit and haf capital cost cases, wind capacity increases at
rates of up to 50 percent per year and in some regions and years provides up to 100 percent of
new capacity additions. Under these conditions, it is not unreasonable to assume that wind
development costs would increese. Because the growth multipliers are so influentid, further
rescarch may be necessary to determine if the current pendties are the most appropriate. In
addition, the number and sze of the steps used in the LP may need to be reexamined, when an
order exceeds 20 percent of current resources. 3

Smilaly, the long-term supply curves increase the overnight capital cost by 200 percent for over
90 percent of the naion's potentid wind power, which dgnificantly reduces the amount of wind
power that can be economicaly developed. Only 1.5 percent of the potentid wind resource in

3The maximum order amount has been reduced to 100 percent in the AEO2000 in order to reduce the step size and
decrease the cost penalty of the initial step. In addition, the share of capacity that can be ordered at no additional
cost was increased to 30 percent and the cost penalty was reduced to 0.5 percent.
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NEMS is avalable without a long-term supply cost pendty. A different dlocation of wind
resource among the long-term supply condraint steps should be explored.  In addition, the wind
resource avalability itsef may need to be reexamined. For example, the Cdifornia and
Northwest studies which EIA has used to develop the regionad cost multipliers in those regions
show more wind resources than the current resource base in NEMS for these regions. 4 NREL is
aso working on updaing the wind potentid in severd regions and is finding that there may be
more resource than previoudy estimated.

While there is a legitimate concern about how much intermittent cgpacity a region can absorb
without jeopardizing reliability, the absolute cutoff on intermittent generation a 10 percent of a
region’s total may not be the best gpproach. Idedly, it could be replaced with a more gradua
cost pendty. For example, a reduction of the capecity credit of the plant may be a more
gopropriste mechanism to regulate this condraint. If this drategy is pursued, the percent of
generation a which this condraint is currently invoked could aso be reviewed. Current research
suggests thet intermittents may contribute in the range of 2040 percent, and even up to 50
percent of generation (Grubb, 1998), without compromising the reliability of the power system,
if loads are well matched.

It may dso be appropriate to expand the option to permit inter-regiond transmisson for wind
and other technologies, conddering the probability that this practice will become more common
under deregulation and the fact that this function has dready been implemented for a limited
case (cod in Cdifornia). Induding inter-regiond transmisson for wind would need to be part of
a peer-reviewed process to evaluate transmission costs associated with such siting.

Of course, any dructurd or data inputs changes made regarding wind capacity should aso be
evauated for gpplication to other renewable technologies. Many of these technologies have the
same or dmilar cost multipliers.  Consigtent trestment might lead to greater cgpacity for biomass
or olar while reducing wind capacity in carbon permit scenarios.  Further work could aso
extend the sengtivity cases to other generating technologies in NEMS, since most of the
parameters examined are common to al technologies. A comprehensve andyss would aso
include the effects on wind of changes made to assumptions regarding other technologies.

CONCLUSIONS

A variety of assumptions are made in the AEO99 verson of NEMS that represent potentid
economic and physicd limitations to the growth in wind capacity. While these factors have little
effect on the AEO99 Reference Case, they make a dramatic difference when wind is more
atractive, such as under a carbon permit trading sysem. With $100/ton carbon permits, the
wind capacity projection for 2020 ranges from 15 GW in the base case to 214 GW when dl the
multipliers and congraints examined in this study are removed.

The upper end of this range is not intended to be viewed as a reasonable projection, but its
magnitude illugrates the importance of the parameters governing the growth of wind capacity

4For AEO2000, EIA has increased the proportions of total wind resources in the lowest cost categories for the CNV
and ERCOT regions.
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and resource avalability. These findings suggest that future research should focus on the many
uncertainties related to these parameters.  To begin with, the interaction between the 1 GW
regional deployment limit and the short-term cost multipliers may be exerting a larger effect on
wind than intended, and the code may need to be modified to achieve the intended effect. The
potentid aso exigs for coding changes that would engble inter-regiond transmisson of
dectricity for wind and other technologies. In addition, the dlocation of the nationd wind
resource among the five steps of the long-term supply curves should be reviewed. It is important
to insure that each step in the supply curve accurately represents the costs for wind devel opment.
Findly, the impostion of a gradusted cost pendty should be explored when the intermittent
fraction of regiona generation exceeds a st amount (currently 10 percent), as opposed to the
binary approach currently employed. Because some of the other renewable energy submodules
ae dructured in a gmilar manner to the Wind Energy Submodule, many of these aress of
suggested research could aso be considered for other renewable technologiesin NEMS.
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