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----- Original Message-----

From: Shoshana Datlow [mailto:rhawkshill@verizon.net]

Sent: Friday, February 22, 2008 12:55 PM

To: corridoreiswebmaster@anl.gov

Subject: Energy Corridor Draft Programmatic EIS Question about Web
Commenting

To whom it may concern,

I strongly oppose the proposed power and gas lines that plan to go
through Crooked Creek, Dubious, Idaho. If these lines are brought
through the area, it will be devastating to the native Sage Grouse
habitat. I believe, the outcome will be similar to what has transpired 120-001
in Pinedale, Wyoming which severely wiped out thousands of native sage
grouse. Please divert your plans to help save our native sage grouse.
If these very few fragile areas are not protected, we will soon be
saying goodbye to one of America's most wonderful native bird.

Sincerely,

Shoshana Datlow

Wildlife Conservationist
4325 Faugquier Ave

P.O. Box 3

The Plains, Virginia 20198
(540) 253-5571
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From: ROBERT L GARDNER [mailto:rigardner66@msn.com]
Sent: Thursday, February 14, 2008 5:51 PM

To: corridoreiswebmaster@anl.gov

Subject: Utility Corridor/Southwest Colorado

To whom it may concern:

I wish to submit my comments regarding the proposed energy corridor through
Southwest Colorado. I can see that it is a benefit to the progress of our modern
world, but it is not something that I can unequivocally support. In our county, the
Montezuma County Commissioners have already elected to designate where this
corridor is to be. Since it will go through our private property, it will cause some
amount of grief for us. If there ever comes a time that it will be enacted, we will be
the ones to suffer from this decree. Our property values will drop far below any in
the area, and as been shown before, at a recompense that is very inferior. The 121-001
aesthetics of the entire area will be compromised, and once this has occurred, there
is a point-of-no-return. The history of the area alone is considerable- both fact and
fable, personal and otherwise. If things are allowed to happen like they did in 1998,
when the Trans-Colorado pipeline was installed, it is a no-win situation for the
private landowner as well as the public lands. A person should not have to put their
livelihood on hold while a contractor calls all the shots, and does things that are
injurious to the land and it's denizens. That seems to be the name of the game,
though, and I hate to see this occur again.

Thank you for allowing me to comment (or vent, as the case may be)

Sincerely,

Alice E. Gardner

20075 Rd. P

Cortez, CO 81321-9457
970-565-8056
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February 14, 2008
Westwide Energy Corridor DEIS
Argonne National Laboratory
9700 5. Cass Avenue
Building 900, Mail Stop 4
Argonne, IL 60439
Re: Westwide Energy Corridor Draft Programmatic EIS; NMGF Project No. 11789

Dear Sir or Madam:

In response to your solicitation for public comment, the New Mexico Department of Game & Fish
(NMGF) has reviewed the above referenced document. The federal Departments of Agriculture,
Commerce, Defense, Energy and the Interior have proposed an action to designate corridors for
oil, gas and hydrogen pipelines as well as electricity transmission and distribution facilities. The
agencies are undertaking this action for the purpose of complying with the Energy Policy Act of
2005 Section 368. Section 368 corridors will be designated only on federal lands. The
Programmatic Environmental Impact Statement (PEIS) identifies more than 6,000 miles of
proposed energy corridors in eleven western states, with a default corridor width of 3,500 feet.
The proposed action also includes an amendment of existing agency-specific land use plans to
include the new designations. Our comments pertain only to the portion of the project area within
the state of New Mexico, where the PEIS identifies 314 miles of Section 368 corridor, 70% of which
incorporates existing utility or transportation rights-of-way. The majority of corridor designated
in New Mexico is in the jurisdiction of the Bureau of Land Management (BLM). NMGF staff
attended a public meeting about the project in Albuquerque on January 24, 2008,

National Environmental Policy Act (NEPA) Considerations

Corridor designation would not require project proponents to restrict their applications to the
designated locations, nor would it prohibit federal agencies from considering project proposals in
other areas. Project-specific NEPA analysis would still be required for all locations. The only
substantial difference in procedure would be federal interagency cooperation on permitting for
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projects within Section 368 corridors which cross more than one agency’s jurisdiction, including
the appointment of a project-specific federal point of contact (individual). Thus, there are no direct
impacts from approving the proposed action, and the indirect impacts consist of the potential
results of the approval of as yet unspecified proposals. The PEIS does not address impacts to non- 122-001
federal land. However logic dictates that the ends of linear corridor segments must be joined.
Therefore the PEIS should analyze both potential indirect and cumulative impacts to adjacent state
and private lands, including consideration of how affected non-federal landowners will be
consulted and possibly compensated.

The agencies preparing the PEIS have concluded that consultation with the Fish & Wildlife Service
(FWS) under Section 7 of the Endangered Species Act is not required. This conclusion is correct
because the lack of direct potential impact justifies deferral of consultation until the project-specific
analysis phase. However, one of the results of Section 368 corridor designation will be an
amendment of a large number of land use plans, wherein certain uses will be defined as
“compatible” within the corridors. FWS consultation should therefore be conducted at the
programmatic phase to determine that these particular uses are in fact compatible regarding their
potential impact on listed species.

122-002

General Impacts on Wildlife and Habitat

Concentration of linear projects in corridors has the potential to reduce the footprint of ecological
impact as compared to the No Action alternative of more dispersed projects. However it is also
likely that the impacts within Section 368 corridors will be intensified both spatially and
temporally. We are particularly concerned about the proliferation of access roads, whose use by
the public will lead to increased disturbance of wildlife from noise and activity, as well as direct
mortality from vehicle collisions and illegal harvest (poaching). Minimization of roads, restriction
of public access (locked gates) and obliteration of obsolete roads, should be required elements of all
Section 368 energy corridor projects.

122-003

Chapter 3 of the PEIS contains a detailed analysis of the potential effects on ecological resources
from pipeline and powerline projects, and a list of steps to minimize or mitigate those effects.
NMGF recommends that most or all of the mitigations be mandatory for applicable projects within
Section 368 corridors, except where specifically exempted. This would be accomplished by
changing the word “should” to “must.” In particular, all trenching activities should:

122-004

1. comply with the enclosed Trenching Guidelines, and

2. all aboveground powerlines should be required to follow the Avian Power Line Interaction
Committee (APLIC) Suggested Practices for Avian Protection on Power Lines: The State of the
Art in 2006 and, in locations where collision impacts are reasonably foreseeable, APLIC's
Mitigating Bird Collisions with Powerlines: The State of the Art in 1994.

The PEIS identifies increased erosion, runoff and sedimentation as temporary impacts following
construction. However the discussion of vegetation resources in Chapter 3 correctly recognizes
that locations subject to repeated disturbance, especially in arid environments, may be difficult to
successfully reclaim. For this reason it could be reasonably foreseen that effects to surface water
and soils may persist for a longer time than is typical for similar projects in other areas. Follow-up
monitoring of reclamation success, with additional erosion control mitigation for unsuccessful

122-005
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efforts, should be required for all Section 368 corridor projects. Similarly, the effects of repeated
disturbance may be expected to amplify the difficulty of restoring wetland and riparian habitat, 122-005
necessitating more aggressive reclamation practices than are normally required for individual (cont.)
projects.

Impacts Specific to New Mexico

Winter construction is preferred on critical big game summer range. Summer construction is
preferred on big game winter range, No construction should be conducted in winter range from
December 15-April 15. No construction should occur in elk calving areas from May 1-June 30. No
construction should occur in deer fawning areas from June 1-August 31 (northern New Mexico) or 122-006
July 1-September 31 (southern New Mexico). No construction should occur in turkey nesting areas
from April 15-June 30. Construction in big game migration areas should be restricted during
migration.

NMGF appreciates the commitment expressed in Section 3.8.1 to consider impacts to state-listed
species during project-specific assessments. Species lists can be generated, and additional
information on individual species of concern can be obtained by visiting the BISON-M database at
http:/fwww.bison-m.org .

122-007

One proposed Section 368 corridor crosses the Sevilleta National Wildlife Refuge (NWR), in
Socorro County, New Mexico. The Sevilleta NWR is host to the Sevilleta Long Term Ecological
Research (LTER) program, conducted by the University of New Mexico’s Biology Department.
The dominant theme of LTER research is long-term changes in ecological attributes. Any projects
on the Sevilleta NWR should be designed to avoid interfering with ongoing or planned research
projects.

122-008

Immediately north of the Sevilleta NWR, the proposed corridor terminates on the boundary of the
Bernardo and La Joya Units of the New Mexico Game Commission’s Ladd S. Gordon Waterfowl
Complex. These properties are actively managed by NMGF to provide food, shelter and rest to
migrating waterfowl, and viewing, photography and hunting opportunities to the public. NMGF
has invested hundreds of thousands of dollars in improvements to this complex. Sandhill cranes
(Grus canadensis), a species known to be susceptible to powerline collisions, use these properties in
large numbers during the winter. NMGF strongly requests consultation regarding compatible
uses, prior to designation of a federal energy corridor that stops at our border.

122-009

The Bernardo and La Joya properties are located on the Rio Grande route of the Central Flyway for
migratory waterfowl and upland bird species. The proposed Section 368 corridors in New Mexico
generally avoid the river bottom but appear to cross the Rio Grande in at least two places. NMGF
questions the wisdom of locating a corridor where impacts to birds are likely to occur, and
restrictions to comply with the Migratory Bird Treaty Act will be required throughout the year
(spring and fall migrations, waterfow! and eagle wintering, passerine and raptor nesting season).

122-010

The desert bighorn sheep (Ovis canadensis mexicana) is a state Endangered species which NMGF has
spent considerable resources to reintroduce in its historic range. Locations where this species

might be impacted by activities taking place in proposed Section 368 corridors include the 122-011
Peloncillo Mountains in Hidalgo County (most sheep are south of Interstate 10 but they also range
to the north), the Ladrone Mountains in Socorro County (small herd may be affected depending on
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project alignment), and the Caballo Mountains in Dona Ana County (connectivity with herds in the 122-011
Fra Cristobal and San Andres ranges should be considered). (cont.)

The PEIS includes discussion of concerns related to conservation of the greater sage-grouse
{Centrocercus urophastanus). The lesser prairie-chicken (Tympanuchus pallidicinctus; LPC), a state
sensitive species and Candidate for FWS listing, is a related species with similar life history but
somewhat different habitat requirements, which oecurs along the proposed Section 368 corridor
segment in Chaves, Eddy and Lea Counties in southeast New Mexico, Research has shown that 122-012
LPC avaid nesting within approximately 400 yards of electric transmission lines, Adult birds also
avoid using otherwise suitable habitat near tall man-made structures. Transmission towers may
not be compatible with conservation of LPC habitat. Seasonal Hming restrictions would be
necessary to avoid adverse impact of any construction activities on breeding behavior,

Within the LPC range, in Lea County, the same corridor crosses a portion of the range of the sand
dune lizard (Sceloporus arenicolus), a state Endangered species and FWS Candidate for listing.
Within the range of the species, pre-project presencefabsence surveys should be conducted on all
suitable habitat (sand dune “blowouts” and associated shinnery cak vegetation). All surface
disturbing activities and herbicide treatment should be avoided in suitable and occupied habitat.
The BLM is in the process of finalizing a Record of Decision on a Special Status Species Proposed
Resource Management Plan Amendment (RMPA)/Final Environmental Impact Statement to
address conservation of these two species, The Proposed RMPA is substantially based on the 122-013
Southeast New Mexico Lesser Prairie Chicken/Sand Dune Lizard Working Group's Collaborative
Conseroation Strategies for the Lesser Praivie Chicken and Sand Dune Lizard in New Mexico (Conservation
Strategy). This document represents more than two years of negotiation and collaboration by a
wide range of partners and interest groups, The PEIS should be more specific regarding
restrictions which would be needed for Section 368 corridor projects in the Pecos District. This
clarification would help determine if the specified uses are compatible with avoiding the need for
the FWS to list these species.

Thank you for the opportunity to comment on this Draft PEIS. If there are any questions, please
contact Rachel Jankowitz at 505-476-8159, or fankowitz@state.nm.us.
Sincerely,

AL A

Matthew Wunder, Ph.D.
Chief, Conservation Services Division

o Ecological Services Field Supervisor, USFWS
Mark Olson, NW Area Habitat Specialist, NMGF
Pat Mathis, SW Area Habitat Specialist, NMGF
George Farmer, SE Area Habitat Specialist, NMGF
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TRENCHING GUIDELINES

NEW MEXICO DEPARTMENT OF GAME AND FISH

September 2003

Open trenches and ditches can trap small mammals, amphibians and reptiles and can cause injury
to large mammals. Periods of highest activity for many of these species include nighttime,
summer months and wet weather. Implementing the following recommendations can minimize
loss of wildlife.

. Keep trenching and back-filling crews close together, to minimize the amount of open
trenches at any given time.

. Trench during the cooler months (October — March). However, there may be
exceptions (e.g., critical wintering areas) that need to be assessed on a site-specific basis.

. Avoid leaving trenches open overnight. Where frenches cannot be back-filled
immediately, escape ramps should be constructed at least every 90 meters.
Escape ramps can be short lateral trenches or wooden planks sloping to the surface. The
slope should be less than 45 degrees (1:1). Trenches that have been left open overnight
should be inspected and animals removed prior to backfilling, especially where
endangered species occur.

On a statewide basis there are numerous threatened, endangered or sensitive species potentially
at risk by trenching operations, Project initiators should seek county species list to evaluate
potential impact of projects. Risk to these species depends upon a wide variety of conditions at
the trenching site, such as trench depth, side slope, soil characteristics, season, and precipitation
events,
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January 28, 2008

Mr. Paul Kjellander
Administrator

Idaho Office of Energy Resources
PO Box 83720

Boise ID 83720-0098

Dear Mr. Kjellander:

The Department of Lands appreciates the opportunity to participate in the unified State of Idaho
response on the nationally important development of a power corridor through the State. As you know,
the Idaho Department of Lands has a unique mission within State government as stated in the Idaho
Constitution to “....maximize the long-term return to the endowments.” This mandate provides the
framework for our specific comments, and our comments reflect the need to ensure efficient decision
making and processes to meet that mission.

To facilitate your efforts to consolidate the comments from the Idaho stakeholders, we have listed our
DEIS comments in the bullet format below:

s The corridor is framed as an entirely negative environmental issue with only a single purpose.
We see numerous opportunities to accomplish additional environmentally favorable outcomes
such as the ability to create fire resistant fuel breaks once the infrastructure has been installed. | 123-001
This could provide protection not only to communities and man-made improvements, but also
provide protection for critical wildlife habitat.

e Functionality must be the guiding principle of any mitigation within these corridors since it is
likely there will be numerous entries for installation of future projects, and routine maintenance
will be occurring. Planned, permanent legal access that minimizes the amount of road 123-002
construction, and allows for legal, all-purpose access for all parties is necessary to fully
coordinate efforts in the long-term.

e The authority to utilize non-native species for re-vegetation of disturbed areas by all parties is
needed to take full advantage of opportunities within the corridors.

e The federal government should fully fund any known additional studies that need to be done for
all corridor locations on all ownerships and begin that work as soon as possible. The federal
government should not wait until a specific business applies to locate within the corridor. Idaho | 123-004
is only part of this nationwide effort to provide power infrastructure for the security and well
being of the nation.

123-003
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e |DLurges development of a land exchange "fast-track" for federal agencies to allow the state to
exchange or sell scattered parcels of endowment land and block up existing ownerships. This 123-005
would enable the federal government to own a larger portion of the corridor and improve
efficiencies on state owned lands.

* Locating corridors along perimeters of larger ownership management blocks should be used
where possible.

123-006

Again we thank you for the opportunity to comment and express our concerns.
Sinc y
George Bacon

Director

Idaho Department of Lands
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IDAHO DEPARTMENT OF FISH AN D (G AV I /50
600 South Walnut/P.O. Box 25 C.L. "Butch" Otter / Governor
Boise, Idaho 83707 Cal Groen / Director

January 23, 2008

Paul Kjellander

Administrator

Idaho Office of Energy Resources
322 East Front Street

P.O. Box 83720

Boise, ID 83720-0098

Dear Mr. Kjellander:

In response to your request, the Idaho Department of Fish and Game (Department) has identified
important issues related to the designation and development of energy corridors as proposed in the
Draft Programmatic Environmental Impacts Statement (DEIS) for the Designation of Energy
Corridors in eleven (11) Western States. The DEIS is a large and very important project in terms of
energy development as well as natural resource conservation. These comments have been
reviewed by the Idaho Office of Species Conservation and they have indicated that the Department
has covered the issues appropriately. We appreciate any efforts you take to help identify and

resolve issues related to the Department’s mission to preserve, protect, perpetuate, and manage fish
and wildlife.

The Department bases our comments to this large and programmatic report on the following
assumptions. First, while the issues the Department presents are general in nature, they are
nonetheless important in terms of fish and wildlife habitat, populations, and public recreation for
any project of the magnitude proposed in the programmatic DEIS. Second, the Department has not
provided site-specific comments because we assume that each energy corridor project identified in
the programmatic DEIS will require individual environmental analysis and review. Moreover, we
anticipate Department staff will be afforded the opportunity to provide our expertise and fully
participate in the review of each of these projects. Third, the Department realizes that oil, gas,
hydrogen, and electricity corridors are proposed for many different and diverse areas of the state,
and that all or only some of the fish and wildlife issues we present here may arise for any given
project. This will depend on the size, location, and type of projects proposed. The Department’s
input at this time is intended to raise the most important issues appropriate to the programmatic
approach used in the DEIS and is not intended to be a comprehensive environmental analysis,
determination of project effects, or recommendations to mitigate or reduce project impacts.

The Department recommends that as energy corridor projects move forward, full consideration

should be given to those species and habitats identified as those of greatest conservation need in the 124-001
Idaho Comprehensive Wildlife Conservation Strategy (CWCS)
(http://fishandgame.idaho.gov/cms/tech/CDC/cwes_table_of contents.cfm).

Keeping Idaho's Wildlife Heritage

Equal Opportunity Employer # 208-334-3700 o Fax: 208-334-2114 # Idaho Relay (TDD) Service: 1-800-377-3529 » htip:/fishandgame. idaho. gov/
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The Department offers the following list of programmatic fish and wildlife issues as considerations
relevant to: 1) development of energy corridors in Idaho, 2) project specific and cumulative
analyses, and 3) mitigation considerations for their effects.

1. Migration dependent species such as elk, mule deer, moose, pronghorn antelope, bighorn
sheep, goats, and caribou may be impacted by development of 3,500-feet wide energy 124-002
corridors and associated human disturbance within movement areas.

2. Seasonal ranges of elk, mule deer, moose, pronghorn, bighorn sheep, goats, and caribou may
be lost or degraded as a result of habitat modification and human disturbance associated 124-003
with energy corridor development.

3. Sage-grouse and sharp-tailed grouse populations and habitats could be affected by corridor
development. Grouse may avoid or abandon otherwise suitable breeding habitat, brood
areas, and other habitats near tall structures (i.e., towers) or when development within

energy corridors degrades or eliminates such habitats. Towers with perching sites for raptors 124-004
and nesting sites for corvids could result in reduced lek attendance and increased grouse
predation and nest depredation rates.
4. Waterfowl and shorebird high-use areas, including wildlife management areas, national
wildlife refuges, and areas of high and concentrated use during spring and fall migration, 124-005
nesting, and brood rearing seasons, could be affected by energy corridor development.
5. Waterfowl and shorebird migration routes also may be affected. 124-006
6. Although sparsely documented, seasonal passerine bird migration routes may be affected by
electrical transmission corridors, which may also increase mortality of migrating and 124-007
resident birds.
7. Bat populations and habitats should be evaluated for direct and indirect impacts resulting 124-008

from electric transmission corridor development.

8. Reptile and amphibian populations and habitats, particularly hibernacula, may be directly or
indirectly impacted by transmission corridor construction, operation, and maintenance. 124-009
Impacts to reptile and amphibian species of greatest conservation need should be assessed.

9, Direct and indirect impacts of transmission corridor construction, operation, and

maintenance on resident and migratory raptor populations and habitats should be evaluated. 124-010
10. Loss and fragmentation of pygmy rabbit habitat through direct footprint effects and 124-011
secondary project effects such as habitat fragmentation should be assessed.
11. Project effects on large carnivore (including grizzly bear, wolf, mountain lion, lynx, and
wolverine) populations and habitats, including linkage corridors and genetic interchange, 124-012
among the Greater Yellowstone Ecosystem, Central Idaho Wilderness, and grizzly bear
recovery areas, should be addressed.
12. Increased motorized access to winter ranges, especially big game winter ranges, is a concern 124-013

of the Department in relation to energy corridor development.

13. Road construction and the potential for increased public access resulting from construction
and service roads can negatively impact wildlife and wildlife use of habitats. Road
construction and maintenance (or lack thereof) can significantly impact watershed function 124-014
and stability including fish and other aquatic organism habitats.

Keeping fdaho's Wildlife Herttage

Equal Opportunity Employer # 208-334-3700 @ Fax: 208-334-2114 » Idaho Relay (TDD) Service: 1-800-377-3329 » hitp./ fishandgame. idaho. gov/
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14. Best management practices are necessary to ensure water quality is maintained, disturbance
caused by crossings of any perennial and fish bearing waters is minimized, and disturbed
instream habitats are restored. Maintaining connectivity for populations of migratory fish is
also essential both during and after construction.

15. The location of the transmission corridors in relation to rare and/or sensitive wildlife habitats
including kipukas, lava tubes, caves (natural and man-made), permanent and seasonal 124-016
wetlands, riparian areas, sensitive and listed plant species, and white-bark pine and old
growth forest stands should be evaluated.

16. The effect of energy corridor construction and development on fire occurrence, frequency,
and severity; especially as it relates to important shrub-steppe and forest habitats, should be | 124-017
analyzed.

17. It is important to avoid fragmentation of large contiguous blocks of wildlife habitats by
transmission corridor construction, operation, and maintenance.

18. Restoration and mitigation of effects due to the project footprint are important to ensure no
critical loss of habitat or fish and wildlife populations results from energy corridor 124-019
development.

19. Relatively little is known about the wildlife and wildlife habitats in many areas, thus
monitoring and evaluation of fish and wildlife resources and habitats is vital. Baseline
information about fish and wildlife resources and recreation for any project is necessary to
understand and reduce project impacts. Monitoring the effects of corridor projects is also
necessary to determine long-term effects and, accordingly, to adaptively manage the design,
operation, and mitigation measures of the project.

124-015

124-018

124-020

The Department recommends that analysis and evaluation of energy corridors include a cumulative
effects analysis of impacts to fish and wildlife resources and associated recreation. The sum total of
connected and foreseeable project impacts, especially those related to energy and existing
infrastructure development may create a different scale of effect on fish and wildlife resources, than
from individual projects. In particular, the Department believes a cumulative analysis should
evaluate how any project relates to other proposed energy corridor developments, improvements,
and facilities and how projects propose to avoid, minimize, and mitigate impacts to fish and wildlife
resources and recreation.

124-021

In connection with energy corridor development, the Department recommends consideration,
identification, and evaluation of indirect impacts of the project on fish and wildlife resources and
associated recreation. Such an analysis might assess effects to recreation and public access, patterns
of transportation and other infrastructure development, occurrence and management of noxious and
invasive weeds, and occurrence and management of fire. The development and siting of other
energy resources including wind, solar, hydropower, and nuclear power facilities need to be
considered with this broad corridor context from the perspective of land use and development
patterns, and human disturbance and activities.

124-022

Keeping ldaha's Wildlife Heritage

Equal Opportunity Employer o 208-334-3700 o Fax: 208-334-2114 # ldaho Relay (TDD) Service: 1-800-377-3529 « http.//fishandgame.idaho. gov/
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The Department appreciates the opportunity to contribute to coordinated state comments about this
important issue. If you desire further policy discussion about our comments, please contact me. If
you need any additional technical information or have any questions about our comments, please
contact Gregg Servheen, Program Coordinator at (208) 287-2713 or gservheen@idfg.idaho.gov.

Sincerely,

CA Ho

Cal Groen
Director

CG:gs

Keeping ldaho s Wildlife Heritage

Equal Opporuunity Employer & 208-334-3700  Fax: 208-334-2114 o ldaho Relay (TDD) Service: 1-800-377-3529 & hip://fishandgame.idaho.gov/
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West Wide Energy Corridors

Draft Programmatic Environmental Impact Statement
Comments

Denver, Colorado

Fl

From: Lynn Prebble
905 Knickerbocker Circle
Silver Cliff, Colorado 81252

\ }l')u-l' L

Please make sure the proposed designations for (PEIS) involve: ‘ 125-001
1. New pipelines or powerlines are actually needed
2. That federal lands are necessary locations, and special or sensitive public lands ‘ 125-002
are avoided.
3. That projects are subjected to best management practices to limit damage to other ‘ 125-003
resources, recreation and views
4. That risks to federal and other affected lands are realistically and completely ‘ 125-004
assessed, so that those risks can be avoided.
5. Once appropriate locations are identified, projects on federal lands are limited to ‘ 125-005
those corridors.
6. Please give consideration to improving access for renewable energy (ie wind and ‘ 125-006
solar)
AVOID AREAS IN PENDING WILDERNESS BILL LEGISLATION | 125-007
Please develop alternatives, so we (as the public) have a choice. | 125-008
Do not approve the proposed corridor through five citizen proposed wilderness
areas included in Congresswoman DeGette’s Colorado Wilderness Act, which is
now betore Congress. Special wild lands would also be threatened in Curecanti 125-009
National Recreation Area, Forest Service Roadless Areas and other protected
lands.
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West Wide Energy Corridors
Draft Programmatic Environmental Impact Statement
Comments
Denver, Colorado
From: Mark Prebble
905 Knickerbocker Circle
Silver CIiff, Colorado 81252
Please make sure the proposed designations for (PEIS) involve: ‘ 126-001
1. New pipelines or powerlines are actually needed
2. That federal lands are necessary locations, and special or sensitive public lands ‘ 126-002
are avoided.
3. That projects are subjected to best management practices to limit damage to other ‘ 126-003
resources, recreation and views
4. 'That risks to federal and other affected lands are realistically and completely ‘ 126-004
assessed, so that those risks can be avoided.
5. Once appropriate locations are identified, projects on federal lands are limited to ‘ 126-005
those corridors.
6. Please give consideration to improving access for renewable energy (ie wind and ‘ 126-006
solar)
7. AVOID AREAS IN PENDING WILDERNESS BILL LEGISLATION | 126-007
8. Please develop alternatives, so we (as the public) have a choice. ‘ 126-008
9. Do not approve the proposed corridor through five citizen proposed wilderness
areas included in Congresswoman DeGette’s Colorado Wilderness Act, which is
now before Congress. Special wild lands would also be threatened in Curecanti 126-009
National Recreation Area, Forest Service Roadless Areas and other protected
lands.
1) | i
T ) F AML,/V (s
('. [ <./Lv'k-'{‘L Ll %
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“The significant problems we face
Cannot be solved at the same level of thinking

We were at when we created them."
— Albert Einstein WEC_00127

3741 Kittitas Hwy
Ellensburg WA
February 6, 2008

West-Wide Energy Corridor DEIS
9700 S Cass Ave

Building 900, Mail Stop 4
Argonne, IL 60439

RE: Objections to West-Wide Energy Corridor
Gentlepersons:

For 64 of my 68 years I have lived within 40 miles of one or another of the
Columbia River dams. I am no stranger to energy corridors. Still, for several
common sense reasons, I am very much against the building of the above project.

First: The climate in Western Washington and Oregon in particular is much
different from the climate in most of the area where the new corridors would be
built. Over here, ground cover can essentially rebound in one season, hence there is
little erosion or disruption of habitat. Not so in arid country.

127-001

Second: Mitigation costs covering all impacts on the environment added to
the cost of building these new corridors — site preparation and restoration, materials, 127-002
labor, and purchasing of private land — makes the project prohibitively expensive.

Third: While the above are the most direct impacts on environment,
indirectly we need to think differently about energy usage and transmission.

-- Conservation must become a primary requirement and first line of defense

in environmental impacts. This includes how we use energy in trans- 127-003
portation, industry, and at home. Our guiding principle:
LESS WASTE.

-- Corridor construction money is better spent assisting with the development
of technologies for solar, wind, methane, and similar sustainable 127-004
methods of heating, cooling, and lighting our structures.

-- Most importantly, when it comes to environmental impacts, instead of
trying to transmit electricity, gas and oil long distances, let's generate
power locally. Ellensburg has a solar panel “farm” in which residents
can invest and receive power from. I can see Puget Sound Energy’s 127-005
wind turbines on the ridge east of my house. There are many areas
along the proposed corridor where such farms could be built and the
power used in nearby homes and cities, using existing corridors or
building less-impact, short-distance ones.

USE EXISTING CORRIDORS, AND COMMIT TO CONSERVATION AND LOCAL POWER
GENERATION, ELIMINATING ANY ENVIRONMENTAL IMPACT FROM THIS PROJECT.
Sincerely,
“-.’.\h; F}?‘ fll o
-)- Al N
Viudy Howard
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WEC_00128
Attachments for 50516

Comments of Hinders Dairy Inc on the proposed Sec 368 Comridors Before the United States
Department of Energy

Hinders Dairy Inc (HD1) is a land owner holding approximately 2100 acres of land in Randal
County Texas and is party to a lease option agreement with Higher Power LLC for the
development of a wind farm(Palo Duro Wind Farm aka PDWF) consisting of approximately 25
sections and 1o have a projected output of 400mw. This project is located within the Southwest
Power Pool (SPP) and approximately 90 miles from the Blackwater DC Bus Tie between Public
Service of New Mexico (PNMand Southwestern Public Service (SPS).

The current SPP market has no room for the the estimated 30,000+MW of wind power available
for development in the Texas panhandle north of US Hwy 70, There are additional amounts of
wind power in eastern New Mexico that lie in the 8PS service area that have no market as well..
As of December 31 2007 the Energy Reliability Council of Texas (ERCOT) met the current
transfer capacity limitation of 4850MW of wind power. Future additions of wind power will be
limited until the Texas Public Utility Commission completes its review of renewable energy and
then all appeals are exhausted and construction begins on Phase 1 projects to upgrade the
ERCOT system. Current plans do not show any construction into the panhandle of Texas until
phase 3 {Panhandle A) and 4 (Panhandle B) begin. The costs and the limited transfer

capacity( 1800 mw max/$1.5 billion) dictate that less than 5% of the available wind power in the
Panhandle will ever make it to market in ERCOT. The cost of adding 800mw of wind in phase 4
will exceed S800 million due to existing transfer capacity constraints beginning at the Graham
substation and reaching a choke point at the Parker substation in Fort worth.  See tab | Texas
Markets

The alternatives are 1o move wind power in the Texas Panhandle and castern New Mexico to the
Westen Electric Coordinating Council (WECC) or to the Chicago area under a joint proposal by
the SPP and American Electric Power Co. AEP. Hollywood and Vine in Los Angles and 200 E | 128-001
Randolph in Chicago are equidistant from Randall County. The western route has the advantage
of major markets in Arizona and Nevada that will be short of energy by 2009 (see p.20 of the
WECC December 2007 Power Supply Assessment tab 2)  PDWF can make energy available to
the WECC by on peak 2010 and possibly as early as July 2009, Further development of wind in
the eastern New Mexico/Texas panhandle outside the WECC grid service area would most
logically be done using a bipole DC tie similar to three 3300mw systems built by ABB in China
as part of the Three Gorges Dam project. Rights of Way can follow the existing double trackage
of the Burlington Northern Santa Fe Railroad (Santa Fe) that nms from Clovis New Mexico to
Needles California. Using this established corridor and a second probable route from Clovis,
New Mexico 1o Springerville Arizona would not break up any critical habitat that is not already
subject to disturbance by either the busiest railroad corridor west of the Mississippi River or
existing US Highway 60, These two sets of lines would make 6600mw of wind power to the
WECC at points where major load growth and electrical shortages are expected to occur in the
next 10 years, See Tab 3 Proposed Corridors.  The corridors would run from Clovis to Belen in
New Mexico to Springerville in Arizona. The other corridor would run from Belen to Gallup
New Mexico to Flagstaff then to Needles in California or Marketplace in Nevada as dictated by
the needs of the WECC. The use of two bipole DC circuits limits the severity of an outage to ¥
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of the circut capacity in most circumstances.

The resouree proposed to be included in the WECC plans is the largest single souree of Summer
time Class 4 windzin the Umited States.  Chnstine Archer and Mark Jacobson of the Civil and
Environmental Engineering  Department of Stanford University have done extensive modeling
and research on the available wind power and effects of interconnecting multiple wind famms.
The goal is to broaden the power availability by use of non coincident peaks and lows. This
paper is published in the MNovember 2007 issue of the Jpumal of Applied Meteorology and
Climatelogy P 1701 et seq. (Exhibit 6) The conclusion is that the use of 7 diverse wind sites
can produce fimm power at 12% of name plate using a 79% availability factor which is the lower
end of reliability for coal fired generation. Using 87.5% the amount of name plate availableis
6%, Oneinteresting note from analysis of the winds in Amarilloand Clayton New Mexico in
July/August time periods is that the winds begin to pick up at about 1600 CDT 1500MDT and
1400PDT. They crest betweenabout 1700CDT  and 2200CDT whichis 1500PDT and
2000PDT . The standard deviation graphs show that Clayton dunng times of peak load remmains
on line and generating even at -1 standard deviation. Amanillo has a mean expected wind speed
between 8 and 10 m/s with Rayleigh power of 1000watts/m”2 for July and 800 wattsfm™2 in
August in the time frame that the Pacific time zone is hitting peak load. Amarillo has the second 128-001
highest mean wind speed at 8.4 m/s with an annual capacity factor of 44%. Clines Comers, New (cont.)
Mexico is 4™ and both are class 5 wind areas, Clayton New Mexico is 7.8 m/s second and class 4.
These are all far better wind resources than what is being currently used within ERCOT, (See tab
4).

Lastly ANL should consider the impact of MERC N-1 Reliability standards in planning cormidors.
An excellent real world example of these problems currently exists on the El Paso Electiic Co
(EPE) systerm. The Eddy Amrad Caliente line nominally supports 925 mw, But due 1o NERC N-
| considerations, if the Amrad Caliente portion of the line goes out fo service than only 200mw of
line capacity is available to serve Alamogordo, Holloman AFB, White Sands Missile Range, Oro
Grande and areas along US Hwy 54. The obvious solution is a connection between the Anrad
345kv substanon and the Arrovo 345kv substation. See planming studies done in 2004 for
expansion of the Eddy DC bus tie with SPS and to engineening studies done to coinnect a 500 mw
wind farm in the Cero County area. NERC N-1 standards require the constructionof 55 miles of
345kv line which does not really solve the reliability issue, The sound engineering solution is to
build through White Sands ina Right of Way suitable to the Department of the Army. This would
enable development of the Class 7 wind resource at Guadalupe Pass/Pine Springs area. Wind
spead 15 11.7m/s. (SEE TAB 3)

830-438-8673
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ERCOT Competitive Renewable Energy Zones Study 12172006

of SPP have specified that their proposed long-range system upgrades will allow transfer of up
to 600 MW from the Texas panhandle to the Sunnyside substabon, Given the fransmission
upgrade shown in Figure 18 the ERCOT transmission systern would be capable of supporting a
B0 MW injection at this location,

The third level of transmission soluion for Panhandlie wind resources combines level 1
described above ardd the Level 1 solution for Central Texas wind resources, also described
above, The panhandle portion of this option is depicted i Fi 19 {ﬂ&ﬁiiﬁmal
improvements would cormespond to those depicted in Figure 12). dinise anincl itofthe
-upgrades described as part of level 1 for the Panhandle Region, all of the upgrades included in
the Level 1 alternative for Central Western Texas, as well as 70 miles of new transmission fine
from zone 2 to zone 10. The estimated cost of this option is $715 million.

4
2
?- -------------- -
1
(]
i
i
14 ! g
e H I
] ‘,“." e .;
‘lu‘.‘
10
S., Connections from here similar to
Level 1 Solution for Central Texas

Figure 12 Third Level of Transmession Solution for Panhandie Wind Resources

The fourth level of transmission solution developed for Panhandle wind resources incorporates
the improvements described in Levels 2 and 3 above (see Figure 18) along with the

43
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ERCOT Competitive Renewable Energy Zones Study 12/1/2006

improvements included in both the Bluff Creek to Bosque option and the Red Creek to Hill
Country option.  This fourth Panhandle solution also includes the construction of a loop from
the Oklaunion substation nothwest up to Zone 4, and then southwestto Zone 2. This option is
depicted in Figure 20. Tis estimated cost includes the combined costs of the Red Creek and
 Bluff Creek options ($700 million), the cost of Level 2 described above ($645 million) as well as
170 miles of new 345 dircuit (from zone 4 to zone 2, and from zone 2 to zone 10) for a total of

$1,515 million.
a 7
+ \
% %
p X
: o
\
& ¥ <
: ‘t: -t“'h- .
.;--u-u-u--—-----h-l n-‘-‘-’h
. - .
i i !
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» Conrieclions from here simiar to
Level 2 Solution for Central Texas

Figure 20:  Fourth Level of Tranamission Solution for Panhandle Region

5  Combination Soenanos
It is possible that the PUCT, after taking into account some type of commitment of interest by

wind generation developers, will choose to designate some level of CREZ in maore than ane of
the four discrete areas. It was not feasible to anticipate and evaluate all potential combinations
of possible wind development interest in each zone within the available tme.  Therefore,

44
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BRCOT Competitive Renewabie Energy Zones Study 12/1/2006

V1. DISCUSSION

A Comparison of Alternatives

The analysis described in this report has indicated a need for additional pathways between
areas with significant wind resources, most notably areas west of Ablene, and significant load
centers, generally along and east of the Interstate 35 corridor.  The existing ERCOT 345-kV
system generally resembles \/ rotated towards Lhe left, with one side of the V extending from
Odessa to the Dallas/Fort Worth area, and the other side made up of the relatively integrated
systemn covering a triangular area with Dallas, San Antonio and Houston at the vertices.

Resulis from the base case of this study, which includes 4850 MV of wind capacity in West
Texas, indicate that in the vicinity of the vertex of this inverted \ near Fort Worth, the 345-kV
system is supporting about as much wind generation as # can,  Th& transmission system
generally from the Oklaunion substation south through the Graham substation and to the
Parker substation cannot support any significant new arditions of wind generation beyond what
the 4,850 MW "In the base case (although it should be noted that this amount includes
‘approximately 1500 MW of proxy wind generation for which there is not signed interconnection
agreements). This lzads to the main resull of this study. that there Is a need for more
camdors that cross the divide of this inverted \ l.e., corriders that run generally from Viest
Texas to the east and southeast, rather than northeast towards Fort Worth.

It is also noteworthy that although the 345-kV system in East Texas is wel-developed, there are
several areas of significant lead growth on the western side of this area that are not senved by
any 345-kV circuits, This is the case in the Hill Country, from northwest San Antonio to Kilkzen,
where significant load growth is currently projected to be senved only by the existing 138-kV
system. Areas such as this can be good locations for end points for lines originating In the wind
generation zones because they have sufficient load to absorb the output of new wind
generation. However, because there is no existing 345-kV infrastructure in these areas,
additional drcuits must be planned so that the injection of wind energy does not exceed the
capacity of the exisling 138-kV system

This study also shows that the existing congestion in the area from Oklaunion to the Parker
substation significantly limits additional power-flows in this area, even with the addition of new
dreuits.  Even with significant upgrades on the lines from Oklaunion to Parker, the system in
that area can only support 800 MW of new wind generation capacity. | With an additional new
circuit from Oklatnion to north Dalias (terminating at the proposed West Krum substation t on, only
an additional 1,000 MW of wind capacity can be supported (for a total of 1,800 MW). Because
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BROOT Competitive Renewakie Enercry Zones Shudy 12/1/2006

the existing system is being ulilized near its limitations, incremental addifions in this area do not
provide significant amounts of additional transfer capability.

The exact opposite situation exists near the Guif Coad, where there is no existing wind
generation, so very few system Improvements must be made in order to support the first
incremental amounts of wind, However, there are cumrently over 4000 MW of wind generation
in the ERCOT interconnection queue in South Texas. |1 all of these projects are developed, the
lotal capacily would exceed the three levels of system upgrades thal have been Identified
during this study.

B. Economic Considerations

Itis a common simplification of open markets to assume that the consumer will eventually pay
for all resources required to supply a product. In the case of electricity, the consumer will
eventually pay for all of the resources required to produce and to transport the electricity. In
other words, the consumner will pay for the capital 1o bulld the generator, the fuel to run the
generator and the transmission system designed to serve loads secursly.

It is important to consider that the consumer will have to pay for the capital costs of wind
generation, in addition to the transmission costs that have been estimated as part of this
analysis, The same can be said for all generaticn technologies. The comparizon of the total
costs of wind energy to the total costs of other techndogies is beyond the scope of this study,
Quantifying the other benefils from renewable technalogies, such as human health impacts
from reduced fossil-fuel emissicns, increased fuel diversity, reduced refiance on natural gas
generation, impacts of reduced demand on related markets {such as natural gas and coal),
benefits from economic development, toname a few, are also beyond the scope of this study.

This study examines one aspect of designating Competliive Renewable Enengy Zones,
specifically what are the most cost-effective solutions to improve the transmission system and
allew transportation of additional wind energy from high wind zones lo customer load while
maintaining system security, The results provided in this document should not be viewed as
documenting all costs or all benefits to consumers associated with CREZ designations.

C Impact of Wind Curtailment

~ Defining the amount of new wind generation that can be added to the system, given a specific
transmission solution, is contingent on the answer to the question of how much wind
curtailment is acceptable. Unfortunately, wind curtallment is a complicated issue,
First and foremost, curtailment of energy to relieve transmission congestion can represent a
significant economic impact to a wind project, since the owner of a wind project relies on
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BRCOT Competitive Renewable Enengy Zones Study 12/1/2006

Annual Energy Curtailment (Percent) by Wind Unit
Red Creek 2000 MW Case
25%

o% “- n [I”ﬂ[lﬂ Mo _u.n.”.”._,nﬂl_

1234 5B 7688 W0NM2OUMSEBITHODINEDNBHITEDINIAIILI536

Unit

Figure 19. Wind Energy Curtailment by Unil

The established transmission planning process conducted by ERCOT System Planning through
the development of the Five-Year Plan will include an evaluation of all constraints on exisiing
wind generators. Economically feasible projects will be proposed to stakeholders and evaluated
through the Regional Planning process.  Remaining constraints that cannot be resolved through
the economic planning process may need to be reevaluated by the PUCT as part of fulure
fterations of the CREL designalion process,

D. Additional Wind Added to the System

Cne of the most important assumptions used in this study is the amount and location of windin
the base case. *ﬂm#ﬂ MW of"base-casa wind Unils” are comprised of wind units that are
currently in np:e}at'ﬁn_, ‘wind projects that are under development and for which there is a
signed interconnection agreament, and a set of proxy units. representing a small fraction of the
wind generation projects that are currently in the ERCOT interconnection queue. Of these
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ERCOT Competitive Renewable Energy Zones Study 12/1/2006

VIl. CONCLUSIONS

This study of transmission improvements lo support additional wind capacity developed in
Competitive Renewable Energy Zones has been conducted to support the Public Utility
Commission of Texas in meeting the requirements of recently passed legislation. This study is
based on input assumptions from the Five-Year Transmission Fan, and from & study of wind
generation potential from areas throughout the Stale of Texas conducted by AWS Truewind.
Detailad steady-state transmission models and security consirained unit-commitment and unit-
dispaich models have been used to analyze the costs and benefits of a large number of
potential transmission improvements.,

The study indicates that thers is significant potential for development of wind resources in
Texas. There are currently 2508 MW of wind generation in-senvice in BROOT and at lehst
4,850 MW of wind resources are likely to be in-service by the end of 2007. Approximately
17,000 MW of wind generation has requested interconnection analysis. Much of that current
wind generation development s in West Texas. (Studies Indicate that the exjsting transmission
network Is fully utilized with respect to wind transfers fram West Texas to the remainder of
ERCOT. Thus. new bulk transmission lines are needed to support significant transfers of
additional wind generationin the West Texas area,

From a transmission planning perspective. there are four general areas of wind capacity
expansion: the Guif Coast the McCamey area, cenlral-westemn Texas, and the Texas
Panhande. Transmission solutions for each of these areas are described in this report. Thess
soluticns represant incremental plans for each area and form the basis of transmission solutions
to support combinations of wind development between bwo or more areas.

Some common projects will be needed to mitigate the impact of the new CREZ-related
generation on existing wind generation. Even with these projects, existing wind generation will
be more susceptible to curtailment due to remaining system consiraints because of its generally
higher shift factors on those constraints.

This study does not attempt to capture all of the benefits and costs associated with the
designation of CREZs, but focuses primarily on the direct costs and benefits related to the
electric power system. |n general, the preduction cost savings per kKW of new wind generation
varies litfle between the different areas. The Coastal area has lower capacity factor sites than
the other areas but the wind oulput is somewhat more coincident with the ERCOT electrical
load. The Coaslal area also requires the least transmission investment per MW of installed new
wind capacity. The Panhandle area has mere, high capadity factor resources. The transmission
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Western Electricity Coordinating Council

2007 Power Supply Assessment

December 2007
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Caseid 1 = Summer Modding Bullding Block Reserve Gulddine

November 2008

Parum Parnmelers
Existing Generation Included | Firm Demand Included
Cluss 1 Additions Included Mon-firm Demand Included
Class 2 Additions Excluded Reserve Margin Building
Block

Outages and De-rates Study Month July
Adverse Hydro Yes Temperature Event Mo
Scheduled Maintenance Yes Transfer Capability Restricted

This case modds the building block reserve puideline fomudated by the Loads and Resources
Subeonumittee as outlined in the building block plarming reserve margin secfion of this report.
With the applicable building block guideline applied as a reserve mangin requirement to each
zone, the power supply meanzin (see table below) is greaterthan or equal to zero for all zones
throweh 2008, Beginning in 2009, msufficient resource capacity and transmission in the south and
possibly the effect of a tansmission constraint on exports from the Norfhwest cause four suls-
regions to become deficit, For example, the total deficitin the sub-regions in 2000 15
approsimately 2 300 MW and the deficit grows to approsdmately 3,600 MW in 2010,

20011

2008 2012 2013 2014 2015 2016
Cammdn 2250 2084 1,761 1487 1,246 g3s 583 K ] -158
Marthwest 8038 7.615 7,303 6,804 6413 5,830 5422 4,979 4,521
B 0 o 1] =231 =337 20 -1.248  -1,628  -1.849
Rockics o e 0 -154 -502 -850 -1,241 1653 2,045
Desert SW L] B4 -1E29 2956 4016 S04 6037 -7.0910 -B,065
Mo, CA ] =26 0 -8R -84 148K -1970  -14R4 0 3084
S0, CAMX D! -1.206 =174  -2404 -.!.34I 4,093 -4993 .5805 {.934
Surplis 10,288 9689 9084  835] TH3 6768 6015 5,301 4,521
Deficit 0 22X -3543 5322 -QEHD =1239%4 -15487 -18.752 -22.135
Lot of Surpius, Balanced, andd Deficit zonesin Come#1
Sub-reglon 2008 2R 2000 2011 2012 L E] 2014 15 2016
Canit 2:0:0 2:0:0 2:0:0 2:0:0 1:0:1 1:0:1 1:021 1:0:1 1:0:1
Hortlmwest 1:2:0 1:2:0 1:2:0 1:2:0 1:2:0 0:2:00 1:2:0 1:l:0 1:2:0
Basin 0:4:0 0:4:0 0:4:0 0:3:1 O0:3:1 0:3:1 0:3:1 0:3:1 0:2:2
Raockics 0:3:0 0:2:1 0:3:0 0:2:1 0:2:1 0:1:2 0:31:2 0:1:2 9:1:2
Desent SW 0:6:0 0:3:3 0:3:3 0:3:3 ©0:3:3 0:3:3 0:3:3 0:3:3 0:3:3
Mo, CA Qx40 0:3:1 O:4:0 0:3:) 0:3:1 ©0:1:2 0:2:2 0:2:2 0:2:2
So, CAMY 0:4:0 1 21 | . 0:lid 0:1:3 ©:0:3 O0:1:3 0:1:3 0:1:3

The "comt” table indicates that in 2009 one zone in the Rockies sub-region, three zones in the
Dresert Southwest sub-region, one zone in the northem Califonmia sub-region and one zone in the
southern California/Mexico are deficit.
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Wind Energy Resource Atlas ofthe United States ttp:/irrede.nirel goviwind/pubs/atlas/maps/chap2/2-04m him
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PART 2: STATE BASE MAP SERIES

Proposed Section 368 Energy Corridors
- ARIZONA -

[T —— faln i
—_— e A Lo
ek ’ [
e s ]
Vgt
Burwes o Pt
dran Pagrs o Colare
Dot o e
Connty Sty [y —
A W & wW ® — Signmen Fars, Loy
— VO — -
,tn W e = m o
kreitnts LS Taren B




Final WWEC PEIS 924 November 2008

PART 2: STATE BASE MAP SERIES

Proposed Section 368 Energy Corridors
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ERCOT Compefitive Renewable Enargy Zones Study
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12/1/2006
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Figure 3; Areas Enclosing the Best 4,000 MW in Each of the Wind Resouroe Zones
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Power and mean speed trends (by month)
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Mean wind speeds and standard deviations
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Mean wind speeds and standard deviations
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from 2000 to 24K {(Gicbel 2000; Nogih Amencan Elec-
tric Relnbility Councdl 2005). Figure 3 shows that,
while the gumranteed power generated by asingle wind
form for 92% of the hotrs of the year wis O EW, the
power gunrnnteed by 7 and 3% [nterconnected farnms
was 60 nnd 171 kW, giving firm copucities of 004 and
031, respectively. Forthermore, 1 % interconm ected wind
Inrms gunrmnteed 232 kW of power (linm capacity of
5} for 87.5% al the year, the same percent of the
vear that nn overnge conl plant in (he United Sintes
gunrnntecs power, Lost, 19 forms gueranteed 312 EW of
power for 7% o the year, 4 lines the ginrmiesd
power generated by one fonm for 75% of the year
Capncity fector is the fraction of the rated power {or
miimum capacity) actunlly produced oo yeor. The
capacity luctor of the 19-ite arrny was =045, cone-
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JOURNAL OF APPLIED METEOROLOGY AND CLIMATOLOGY

Supplying Bascload Power and Reducing Transmission Requirements by

Interconnecting Wind Farms
CrisTiva Lo ARCIER AND MaRK 7. Jaconsos
Diepariment of Cleil avd Envirosmomial Engincering, Stonford Duiversiy, Sanford, Coliformia
(Manuscript roocived & July H06, i fissl foms 6 February 2007)
ABSTRACT

Wind is the world's fasiest growing clectric encrgy souree, Because il i8 intermitient, thuagh. wind is no!
wsedl 1o supply baseboad chectric power today. Interconnecting wind farms (hugh (he ransmission grid is

November 2008

HNovesnir M7

a simple and effective way of redudng deliverable wind power swangs cavsed by wind intormétioney, As
more farms are interconnocled in am amay, wind spood comelation ameong sites docrcases and 0 does the
probahility that nil sites experience the zame wind regime al ibe sane time. T he aray, conscaaent]y behaves
wmiwe and more similarly 1o a sngle farm with sicady wind spoed and thus sweady deliverable wind power,
In this siady, benefits of imerconnecting wind farms were evaluatod for 19 dies, located in the midwesiem
United States, with annual averape wind gpecds ar B0 m above grosnd, te hub height of modenn wind
tushings, greater than 69 ms " {elass 3 or greater). 18 was found that an averape ol 33% and & maximum
ol 47 % al :ﬂ,:aﬂj‘ averaged wind power from imerconnected fxmes can be used as relinble, bascload clectnic
poweer, Fousldly signifecamt, interconmecting multiple wind farms 1o & common paing and then cosmecting,
thay poist 10 8 far-away city cas allow the long-distance portion of iransmission capacity 1o he reduced. for
cuample, by 20% with oaly o 14% loss of énergy. Although most pamaneters, sach as mlermiticnsy.
improved less than linearly as the namber of intescosnodted siles incrented, no saturation of the benclits
sk feaind, Thaas, thie beselis of inberconecting confinue fo Bresse ailth mose and mone imerennnecied

e

L. Introductinon

Stabilizing global climate, reducing air pollution, and
addressing cnergy shortages will require a change in the
current energy infrastructure. One method to address
thesc problems is w initiate a large-scale wind cocrgy
program. The world's electric power demand of 1.6-1.8
TW {International Encrgy Agency 2003: Energy Infor-
mation Administration 2004) could, for example, theo-
retically be satisfied with approximately $90 000 cur-
rently manufactured 5-MW turbines with 126-m diam-
cter blades placed in yearly averaged wind speeds at
hubs height of 85 ms™" or faster, assaming a 10% loss
from energy conversions and transmizsion (derived
from Jacobson and Masters 2001: Masters 2004). This
number s only 7-8 times the wtal number of much
smaller tarbines currently installed worldwide, The off-

Correponding author address: Cristina L. Archer, Department
of Glohal Ecology. Cemegie Instituie of Washingian, 260 Panama
S0, Stanford, CA S5
E-mail: korepifsantord.cda

DT LU TS00TI AMCTS3R1

shore avernge wind speed ot 80 i is &6 ms ', and
sulficient winds =69 m g * at 80 m mav be available
over land and near shores o supply all eleciric power
needs 35 times over and all energy needs 5 times over
{Archer and Jacobson 2005)

However, 8 well known barrier to large=scale imple-
mentation of wind power is the imerminency of winds,
Over a time frame of a few minutes, it is possible o
experience sudden chavges in wind speed, such as gusls
or ks, The predictability of wind in the short-term is
still low. and, even with elaborate forecasting tools, it is
often difficull w beat persistency (Giebel 2003. Ahl-
stram et al, 2005). The intermittency of wind is direetly
wransmitted into wind power, which dramatically re-
duces the marketing valoe of wind (Milligan and Porter
2005). O the other band, because coal combastion can
1si controlled, coal energy is not considered intermit-
went and i3 often used as “baseload™ energy. Neverthe-
less, because coal plants were shut down for scheduled
mitintenance 6.5% of the year and unscheduled main-
tenance or forced outage for another 6% of the year on
averapge i the United States from NE0 to 2004, coal

O 0T Amarican Metcoalagleal Soclery 1701
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cnergy [rom a given plant is guaranteed only B7.5% oi
the year, with 3 typical range of 79%-92% (Norh
American Electric Heliability Cooncil 2005; Giehel
2000).

A solution 1o improve wind power reliability is inter-
connceted wind power. In other words, by linking mul-
tiple wind farms wogether it is possible 1o improve sub-
stumtially the overall performance of the interconnected
svslem (e, armay) when compared with that of any
individual wind farm, The idea is that. while wind specd
could hbe calm a1 a given location, it will be noncalm
somewhere else in the aggrepate armay,

This idea is not new, The firs complete study about
the effect of geagraphically dispersed wind power gen-
cration was done by Kabn (1979), who analyzed re&
ability, availability, and effective load carrying capabil-
t [ELCC: see Milligan and Poster (2005) for & review
of ELCC] of arrays of different sizes in Californin, vary-
ing from 2 to 13 connected sites, He found that nost
paramciers (such as correlation and availability an low
wind speeds) improved as the size of the areay in-
creased. Archer and Jacobson (2003, 2004) found thar
the frequency of zero- and low-wind events over. a net-
wark of cight sites in the central United Staves was less
than 2% at 80-m bub beight, Simonsen and Stevens
(2004) compared wind power outpul from individual
wind farms with that from an array of 28 sites in the
ceniral United States anti concluded that variability in
energy production was reduced by a factor of 1.75-34,
They also found that the combined energy oulpul from
50-m hub height, 660-kW wrbines in the 28-ute array,
had & smoother dinrnal pattern and a relative maximum
in the afternoon, during the peak time of electricity
demand. Crisch and Ernst (J0001) showed that o net-
work of wind farms over parts of Europe and Northern
Alrica could supply abow 70% of the entire European
clectricity demand. In Spain, one of the leading coun-
tries for wind power production [American Wind En-
crgy Association 2((M: Energy Information Adminis-
tration J004), the combined output of 81% of the na-
tion's wind farms is remarkably smooth, and sudden
wind power swings are eliminated [Red Elécirica de
Espafia real-time data are available onling an huped
www.ree.cafappali-index_dinamico.asptmenu - fingles!
i-caplTi-menu_sis. him& principal =fapps_colical
curvasling.aspl.

The benefits of interconnected wind power are
grealer for larger catchment arcas, Statistical correla-
tion among stations is the key factor in understanding
why. In fact, weather conditions may not vary over.
small arcas. especially over horizontally uniform ter-
rain, This would be reflected in @ high correlation
among neathy Farn paivs. However, a2 distance be-
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tween farms of terrain variability increases, the corre
lation among farms becomes smaller, Kahn (1979)
found that the average correlation between site pairs
decreased from 049 10 025 as the oumber of fams
connecled was increased fram 2 o LY However, the
marginal benefits decreased as well. For example, by
doubling the number of sites connected together, the
availability ai low wind speeds improved by only
~14%. Whether or not a zero correlation can cveniu-
ally be reached is still an open question. Kahn (1979)
suggested that statistical correlation of wind speed
never disappears entirely. This effect will be hercinafier
referred 1o as the “saturation” of the benefits, to indi
cale that, al some point, no incremental benefits are
found in increasing the array size.

Kahn (1979) also analyzed the capacity credit for
such arcays, defined as the “amount of conventional
capacity which can be displaced by wind generation.”
He found that. for a fixed ELCC, the capacity credit of
larger arrays incrensed less than linearly with the num-
her of sites, This effect can be imerpreted az “dimin-
whing returns (o implementing state-wide pooling of
the wind resource,” Note that of the 13 sites analyeed,
only 4 were in class 3 or higher at 60 m, As such, il & not
surprising that the addition of “slow™ sites to the amay
did not improve its overall performance,

The issne of wind integration in the power system has
been receiving more attention recently {Ackermann
2005: DeMeo ot al. 2005: Piwko ct al. 2005 Zavadil et
al. 2005, Most studies assumed a low {10% or less)
penetration af wind power (expressed as ratio of name-
plate wind generation over peak load) and treated the
aulpul of farms as negative load (Piwko et al. 2005
DeMeo e al, 2005). Only a few countries in Europe
have high (20/% or more) wind penctrations (Eriksen et
at. 2005y Denmark (49% ), Germuany (2% ). and Spain
(22%). High penctrations of wind power without re-
ductions in system stability can only he achieved wilh
turhines gqm'q:md with fault ride-through capability
(-Enh:nc'l al. 2005). No study to date has examined the
ability af interconnected wind farms (o provide guar-
ameed (or baseload) power. Only a few studics have
looked at reducing transmission requirements by inler-
connecting wind farms, Romanowity (2005) reported
that an additional 100 MW of wind power could be
added 1o the Tehachapi grid in California without in-
creasing the iransmission capacity. Matevosyan (20051
showed that, in arcas with limited transmission capae-
ity, curtailing (or "spilling") a small pereent of the
power produced by interconnected wind farms could be
effective. This study examines both issues in detail. 1t
does not. however. examine the ability of wind to maich
peaks in energy demand. [0 assumes that wind can pro-
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wide a porion ol baseload enorgy, and that peaking
energy would be provided by other sources,

L Interconnecied wind power

i Method

Wind speed data from the Natona] Climatic Data
Cenver (2004) and former Forecast Systems Laboratory
(200H). mow the Glohal Systems Division of the Earth
System Research Laboratory, Tor 2000 were uscd 10
evaluate the elfectz of connecting wind farms, More
details on the dataset can be found in Archer and Ja-
cobson (2005}, Hourly and daily averaged wind speed
measurcments were available from surface stations at o
stamdard elevation of ~10 m ahove the ground (V10
hered wafiery,  beerves vertical yrofl & of wind speed
wore aviilabl  at sounding std isns pemerally 2 times
por day (000 and 1200 UTC) This stady utilized the
teast squares (1L5) method o obtain relevant statistics
of wind speed at B0 m (V80 hereinalier), the hub height
of modern wind 1erbines. The reader is referred 1o Ar-
cher and Jacobson (D003, 2004, NEG) for deiails of the
methiod, which will be lertber validated in the next sece
tiom,

To determine wind power owtput from connected
wind farms, the benchmork torbine selected was the
GE 1.5 MW with 77-m blade diameter at 80-m hub
height. Mannfaciurer dais were provided only at one
ms " intervals of hub height wind gpeed (General
Electric M) T was necessary therelore o determing
an appropriatz curve that would provide power cutput
P iior any value of wind speed V. Beveral multiparam-
eler curves were tried out, including third-order poly-
nomial, sinusowdal, and linear. The best corve was
found to be o combination of two third-order polyno-
wila:

] V< Vo
Prowed V1 Vi = ¥ < Vi

Pod Pod¥l VouSVaVa, 1)
Pova  Voawa S Vs Vo,

1] Ve Vs

where P, is the rated power of the terbine (1500
E'W) at the rated wind speed V.. (12 ms ') V.
(¥,..) is the speed below (abanve) which no power can
bz produced (3 and 25 m 5", respectively), V¥, iz the
speed above (below) which the Py (Pe) formuba-
tion is imposcd (Le. wherne the concavity of the power
curve changes sign). ond P, and Py, are the third-
order polynomials thar pass through the upper and
lower points of the GE 1.5-MW power curve, respac-
tivaly:

P a W+ BV 5 oV + d, | = apper, bower.  (2)
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Values af the fitting coefficienis are reported in Fig. 1.
Third-order polynomials were preferred over higher-
order curves becawse of the theorstical dependence of
wintd power on the third power of wind speed.

Next, the sclection of appropriate locations W con-
nect is discussed. From Archer and Jacobson (2003],
the central United States was identified as o favorable
area for locating and connecting wind farms, Abo. lo-
cations with mean annual 80-m wind speed > 6.9 ms '
(e, in class 3 or higher) were recommended. As such,
this study focused on the area shown in Fig, 2.

The L5 method was ficst applied o daily averages of
V10 at ail serface sations in the area 1o obiain the
spatial distnbution of vearly average VED (hourly data
will be uscd next). LS paramcters were caloulated from
he somding stations 2 Gmes per day., st 600 and 1200
UTC, correspanding to (5001700 LST, for the entire
year 2000, Figure 2 shows annual averages of VED at
sites Tavorahle Tor harnessing wind power (in dass 3 or
higlser) in the region. Tha stations sclected for the rest
of this analysis are listed in Table | and marked with
their peronyms in Fig, 2 The selection proceeded by
enlarging the area arcund Dodpe City, Kansas. the site
selected 2¢ representative of a singls farm.

To detenmine the differences in power outpul for
mdividual versus conmected wind sites, hourly observed
Tem wind specds were used 1o caleulate the hourdy
evolution of YED via the so-ealled shear function, de-
seribed later in section 2b, Last, the hourly power out-
put al ench station was caleulated with Eg. (1) and
averaged over N stations. where N was either 1.3. 7. 11,
15, or 19, Sies that had missing data at a given hour
were not counted in the average for that bour, The
frequency of missing data was surprisingly large, about
1%, Given a pool af 19 stes and an array size of K
{where & = 1, 3, 7. 11, 15, or 19), the number of pos-
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sible combinations of sites that can be incloded is large
{Table 2). For example. there are 50 388 possible com-
binations of seven sites among the 19 of interest. The
“basc case™ for this study is based solely on geographi-
cal proximity. and it is described in Table 1. Unless
otherwese siated, all pma:ihl;_' comthinatrons of sies for
actay szoe are evaluated in the rest of this smady.

eich

b Res

iy

rehiability of intercon-
ased wath the n

The analysiz indhicated that i

nected wind systems inc i
farms. Reliabilivy in this context is defined in torms of a
“eeneration duration curve,” also known as a "duration
curve” (Nyrghod el al. 2004: Holttinen and Hirvonen
2005), which B8 analogous o the load duration curve
used for clectricily demand. All hours in a y {ie..
365 X X3 = E760) are rearranged based on decreasing
wind power magnitude, and the corresponding power is
plotted as a decreasing curve. The generation curve can
also be interpreted as a “reversed” cumulative prob-

ed in the 2.7
1y lines: nlso shown ane snnaal average wind speeds (10 ' wms ') a each site.

11, 13-, and 1%site array configuranon hased an

ability distribution, in which each point on the v axis
represenis the probability (in terms of number of o s
in i year) of wind power production greater of equal Lo
the corresponding » value on the curve. The adjective
reversed was used because a (raditionnl cumulative
probability distribution is monodonically increasing,
amd it shows the probability of the variable being lower
or egqual 1o the value on the curve.

Figure 3 shows peneration duration curves for the 1-,
and 19-site base-casc arrays. For the figure, all hours
m a year, lees 2% of randomly zelected hours where

wind tyrbines were assumed o be diown because of
unplanned matnlenance, were rearranged based on de

creasng wind power

itude per hour. For siimplic-
single GE 1500-kW
curve shiws

ed over all

ity, cach site is considered w have
turbine {General Eleciric 2004), and
the wind power output per urbine, avers
sites in the array. For the seven-site array. for example,
cach point shows the total power produced by i}
divided by the number of sites (seven al most) v
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available data at that hour. Because of missing values,
none of the three corves had valid data (o ali 8760 b,
bt cach curve had a different number of valid howrs.
Az such. for example, the 92% probability line comme-
sponds to o shightly different number of hours for cach
array siee,

“Firm capacity” is the fraction of installed wind ¢a-
pacity that is onling at the same probability as that of a
coal-fired power plant. Co sverage, coal plants are free
froe unscheduled ar scheduled maintenance lfor 79%—
2% of the year, averaging 87.5% In the Ulnited Siates
from 2000 fo kb (Giichel 2000; North American Elec-
ivic Reliability Council 2005). Figure 3 shows that.
while the goaranteed power generated by a single wind
farm for 92% of the hours of the year was 0 kW, the
power guaranieed by 7 and 19 interconnected farms
wits 60 and 171 KW, giving firm capacitics of 0.4 and
011, respectively. Furthermore, 19 interconnected wind
farms guaranteed 222 kW of power (firm capacity of
(5] for 87.5% of the year;, the same percent of the
vear that an average coal plant in the United States
puarantecs pawer, Last, 19 farms guaranteed 312 EW of
power for 7% of the vear, 4 limes the gurranieed
power generated by one fann for 79% of the year.

Capacily factor is the fraction of the rated power (or
naximum capacity) actually produced in a year. The
capacity factor of the 19-site array was ~{L45, corre-
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Fugi. A, Gemeration duration curves fir hase-case armay coalipy-
rations: gingle-, -, and 19-sie arrays. Each podnr an the x axis
represents the percent of hours in o year that sind power pro-
duction & gremter than or equesl 1w the ensresponding power (3
axish on the curve, The area below the genersian curve repre-
sends the votnl energy (k'Wh) produeced in & vear by the anray.
Shaded mreas are described in the iext, The ihsiched areas sre ibe
energy bost (28% and 1.6%) il the see of inensmission lines is
reduced from 1500 b DMK KW for the | and 19 sise anays, re-
spectively.

sponding to a yearly power of <670 KW (Tahle 2). The
resulting, ratio of the guarnteed power produced x
sapo feliability to the yearly power produced by the
Psite array was 312 KW/ST0 kit or = 47%. Fhos, the
firm power produced for 79% of the vear by a [9site
array was almost ball of B2 aciual power prodoced
the vear or 21% of the maximum possible power pro-
duced. At the 12.5% outage i-ale for coal, tile guaran-
tecd power produeced was 222 kWRGTO kW or ~33% of
the yearly power produced.

Although the |-sive array had more hours of power
production at the rated power than did an average of
the 19-site array (149 vs 9), the 19-site array had fewer
Howrs with no power (5 vs 170) and more overall hours
with low power production than did the 1-site array
(Fig. 3). Similar Bndings were shown by Holitinen and
Hirvonen (2005) for a single turbine, an array covering
western Denmark. and o hypothetical arvay covering
four northern countries in Europe. The area below the
generation curve represents the total energy (KWh)
produced in & year by the armay. For <38% of the
hours, less energy was produced, averaged over 19
furmes, than for an individual farm (deficil denoted by
the === mark). However, this lower average produc-
tien was made up for by higher s erage production lor
the 19 sites over the remaining 62% of the hours (sur
plus denoted by the =« mark).

Given an array of size K, there 15 a large number of
possible combinations of K sites amang 19 (Table 27,
All possable combinations were analyzed in this siudy.
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Wind Speed Statisties for Arrays

(a)

14
" — Maian Vind Speed
Wind Standard Desation
10 .I,
I =
'E ] I T T T T
]
4
2 i -
4] -] 10 15 fai)
M. of Connected Sites
(b) ‘Wind Powar Statisties for Arrays
1000
00 — Moan¥ind Power
- Power Standard Desation

i} 5 10 15 20
M. of Connected Sites
Fug, 4. {a) Wind speed and (b) wied power statdstics for iager-
comnccted arrays as & fanction of aumber of comnecied sites. The
hars indicate the range af values obisined from all possible com-
hiwations al e given nanber of eonneeted sites,

To facilitate the comparison. however, only the sverage
of all combinations for each array sizc and for each
paramcier are shown in Table 2. For example, the woal
energy produced in a year by all possible sevenssile
arrays varied between 32 529 (worst combination) and
39478 MWh (best combination]; the average from all
50 328 combinations was 36 126 MWh, the value shown
in Table 2. Similarly, the figures show the averages of
all combinations as a function of the number of inter-
connected sites, anti the range of values from all com
bimations i$ shown by the bars,

Al parameters tia depended hnearly on the sies
values. such as array-average wind speed. power, wial
energy. and capacily factor, were unchinged whetlier
or mot the siles were interconnected, s expected (Table
2). Nonlinear parameters, such as wind speed standard
deviation, firm capacity, and reserve requirements,
showed large mprovements, For example, the standard
deviations of arrayv-avetage wind speed and power
monodonically decreased (Table 2 Fig. 4). Also. the
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122132425

angl (1) 1% siag

948 November 2008

CVEMRER W] ARCHER AND JACOBRSON 7

Heurs and enargy aulput -Thres stations
M cARours with madabiy dats = RE

M of mours wifh enengy production = §107

EWing apeasd tregraency

Number of hows or MW
g

"l
oLl

1234567 % DI01002130415160TIELS20
Wind speed jmh)

2222425

Hours and energy output - Eleven stations
400

H ol hoiirs wath seadabia dats = B510

W of hours sath snegy producton s #13

O'nd speed Feguency
o Frsgy

saumiber of bt 13 or M
&

o o
012343878 F1001120340 51681 7 IR19D00T 2220243058
Wind speed [miy

Hours and energy culpul - Ninsteen stations

i of hours with suslabie dats = B613

| ML of how's with esssgy production = 3527

i

&

Mumbsr glhowrs ¢ BWh

012345678 01611023040 5161 TIRI#203] 322
Wind speed (mis)

speeds (ms ) for all hours of HEKp averaged over da) L, (b3

(20033 and indicates that the array wind speed distri-
bution is closer Lo Gaussian than i is 1o Rayleigh. As
such. the more sites that are interconnected, the more
the array resembles a single farm with steady winds,
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Fiti, & Stasudard deviations and eoefficients of variation of wind speed and wind power al the 19 sites scbaiad

Second, it appears that marginal benefils decrcase
wilth an increase in the number of frms, In other
words, even though all noalinear parameters improved
as the number of farms weni up. the incremental ben-
efit of adding new stations kept decreasing. This is con-
sistent with both commaon sense and Kahn (1979). Fig-
ure 4 shows that wind speed and wind power standard
deviations decreased less than linearly with an increas-
ing number of sites. Note. however. that no saturation
of the benefits was found, or, in other words. an im-
provement was obtained. even if small. lor every addi-
tion to the array size.

Third. the eptimal configuration was nol necessarily
the one with the highest number of sites. Figure 4b
shows that some eombinations of seven sites (e.g.. point
A in the figure) produced higher array-average wind
power than some olher combinations of Tl sites {e.g.
paint 13, The same applied 10 all other statistics. How-
ever, 50 long as more sites were added inoa given array
in such a way that the area covered became increasingly
larger {as in the base case), statistical correlation
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among the sites deereased and so did standard devia-
tions (Table 2 and Fig. 4), thus improving array reli-
ability and performance. Note that array-average wind
specd and power may become bower for increasingly
larger arcas f sites in lower wind power class ang added
1o the initinl pool,

Iz there o trade-off between wind speed amd inter
mittency? Simonsen and Stevens (2M) lownd that, as
single-site wind speed increases, so doc: the ratio be
tween single-site wind speed standard deviation and
standard deviation of array-average wind speed (lin-
early). An incorrect imerpretation of this finding would
he that, as average wind speed increascs. so does inter-
mittency. While it is true that wind power {speed) st
dard deviation increases as wind power (speed) in
creases (Figs. Gab), this is not indicative of increased
intermittency. One should not look ot standard devia-
tion per ¢, but a1 standard deviation and mean wind
speed together 1o evaluate interminiency. A bener pa-
rameter o ook at is the ratio of standard deviation
over the mean, Xhis ratio, known as “cocilicient of
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Fio. 0. | ecation of sousding stations snd towees sear the KSC

surface station. valid at the same hour a3 the soundings.
“The tnily average of VP ot the surface station should
then be calculated from hourly vislues as follows:

i d 4 1
=5 % 2_21 % ,E_

LTI L, e )
" ( g PtV }:|

3)

where Iy, is the 1S function [as in Archer and Jacob-
som (2005)] at sounding station & for. hour 1. ¥5™F i the
hanwly, average of VEEF g the surface station, wnd
V™ s the daily average of V'™ ® at the serface station
as determined from houry values,

However. neither sounding nor surface data are
available on an hourly basis for all lecations, Daily av-
crages of wind speeds at the surface stations and
2-times-per-day sounding profiles are often the only
available data. For the typical case of two sounding
profiles {at D000 and 1200 UTC), the estimate of the

daily average wind speed at hub height based on daily
average reference height wind speed VE™ was there-
fore

S

[E -HHEVD J;hu“"}l} 'ﬁ] )

where Ty and Ly, are caleulated at 0000 and 1200
UTC. respectively, from each sounding station &,

Archer and JTacobeon (2005) used data from the K3C
network 1o conclude that Eq. (4) was an acceplable
(and conservative) approsimation for Eg. (3). Tn this
stady, the same datasel is used (o evaluate further the
extent of the error introduced in Eq. (4) and the de-
pendence of such error on the time zone of the stations
of interest,
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Following Archer and Jacobson (3005), the K50
towers arc divided into wo calegorics: four-devel taw-
ers, with wind speed sensors at tour or more heighis,
and fwo-level towers, with sensors at ooly two hoighis,
The cighv fourdevel vowers (Tabke 3) can be usel ag
surrogaies for sounding stutivns brcavse L8 parameters
can be determined only i wind data are available a0
teast for three heights. They will be referred Lo as “sur-
ropate soundings.” At these wwers, AP and VR
were chosen 50 as (o mimss the typical sounding pro-
files, lor which F™CF is the iowest available height amd
two heights are typically available above A7 At the
game wime, it was preforable b have J™ a5 close as
pussible at wll cight towers to make easier the eampari-
son among them, Because of this requirement, differem
towers haove different poirs of (5= Loy all have
FTE 80 m, Also, HRTF wos preferably ~ 10m, For
an evaluztion of the LS method a6 these eight surrogaic
sounding towers, refier 10 Archer and Tecobeon (205,
their Table 7). which showed tha! thie averzge emor- was
approximately . 3%, The 14 two-level towers can be
treatcd as surface stetions (“swrrogate surface™). Ar
these surropate surface dowers, the averape crror was

19.8% (Archer and Jacobson 2005, their Table 8).
The following analbysis will focus op these 14 1owers, for
all of which JI™ . 4 m and #™" - [6m.

November 2008

Criven the tme zone of dic K5C network (e, 2
from UITC), the 6000 and 1200 UTC hours cornesponed
o 1900 and 0700 LET, respeciively. LS parameiers
were thas eabeulated at 0700 aoud 1900 LST from the
surrogate soundings ond wsed a1 the surrogile surface
stations, Results are summariecd in Table 4. NMote that
the valucs in “Table 4 differ from those in Tabic & of
Archer and Jacobson (2005) because the latler were
otitained from (ive real sounding profiles refrieved in
Florida, and not fxom the surrogate sounding towsrs, a8
done here,

I‘mgml':mr {3) appears to be a good cstimator of
VU a5 the average chserved PV was 3.3 ms |
and the average culeulared VOY'® from hoarly values
was 304 ms™ ' For each individual station, Vi was
enngervative 41 all stations cxcept for fowers 0112, 0211,
03, and 0506, with the worst oversstimale being
H0,2% al ower 0403, Note that wwers 0012 and 0211
are collocated.

By using dmily averages in combination with 2-limes
per-day LS parameters determinegd from surragate
soundings (ic. l'ﬁm] with Eqg. (4). the acoutacy of the
result depends on the tme sone of the staton, o, in
oiher words, on which 12-b-aparl pairs of howes are
uscd. For commple., by wsing the 070019000 L5T gait, a1
power 0311, resulis obisined with Fr. (4) (405 me ")
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(a) LS wind speed from hourly vs. twioe-a-day
profiles -Average (14 towers)
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Fec M dm) (Hbsorved winds, caloulated Trom hourly V. and
caleulagtd frpam g avesages al ¥, with 2-times-per-day sound-
s values of 15 wind speed, svernged over all rwoelevel towers
al the KAC network, (1) Valiees ol the shear furction p sversgped
aver all hours and sl KSC two-level lowers obtalned with 2l
L3 h-spant. pairs of sounding times. The vale obeaised with cur-
et factars al VK P01 ST (eorrospanding jo (000 and | 260
UTC in Flanida) & shown with a shombosdal mark. Reprodoced
frown Archer amd Jacohaon (2006,

are slightly larger than those obtained with Eq. (3 (3,36
ms ') The same applies to the sic [2h-apant pairs
hetween 0300 1300 and 0800-2000 15T, for all other
pairs, a small underestimate is instead introduced by
wsing daily averages, Figure 10a shows that, an average,
pairs between 0500=1700 and 0700-1900 LST, that is,
the three casternmost time 2ones of the United Siaes.
generate estimates of WU (hat are larger than those,
generated with simullaneous sounding and surface
hourly values, However, such estimates are lower than
ohservalions by  24% on average, with -353%
(tower 0001 at 0S00-1700 LET) and +287% (tower
(403 ar O600-1800 LST) ax extremes.

In summary, the application of the LS method o
simulianeous surrogate sounding and surrogate surface
howrly values appears (o be generally accurate and con-
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servalive, By using daily averages at surrogate surface
stations in combination with 2-times-per-day LS param-
clers derived from surrogate soundings, results dilfer
slightly depending on the time zone, If the 1.5 param-
clers are obstained in the late afternoon and carly mormn-
ing {i.e., 0S00-1T00, 0600-1800, and (700-1900 LST),
VIV potimanes are larger than those ohtained from
howrly values, bat still smaller than observed values on
average. As zuch. the LS metlod appears 1o be accept-
able and conservative even when used with daily aver-
nges of VR

b. Error fn wsing the p function {with and without
correchion factors)

Froem Archer and Jacobson (AI3), the variation with

time & of the ratio between V™" and VPFF, also
known as the shear function p(f), can be represented as
a sinusoidal as follows:
T
12
where A is the curve amplitude, 8 is the tine shift nec-
essary for the sine curve to have a minimum af 1300 LT
(=5}, and p i the daily mean of p The hourly values of
¥R an then be obtained by multiplying hourly val-
pet of VEEF by pli). I only the valucs of p at 0000 and
1200 UTC are known (i.2., pg, and gy then the two
unknown parameters pand A can be estimated as

pii = p !An’n[ ih - ﬂb]. 15)

Mzt g

PEa = amd 61

iz P
3
where aand § are factors depending on the time Zone,
Wote that amplitude A in Eq, (7) is allowed o become
negative (when po, = pys), to capture the real varibility
of the shear function, However. Eq. {7) was originally
derivied lor the central ULS, thne zones, for which p has
a minimum around 0000 UTC, In Flonda, p & 0000-
1200 UTC is near #ero, which could cause spurious sign
switches in the amplitude valoe, Thus, in this section
only. the absolute valuee was used in Eq. (7). This chioice
was also intreduced to avoid sign dependency on the
time #ome. The absolute-value fomiulation was gener-
ally conservalive al most of the stations tested {as dis-
cussed later). and it is consistent with findings by Laz-
arus and Bewley (2005).

After combining Eq. (5) with Eqs. (6) and (7), p, can
be expressed as

A=g 7

Py

o M2 P iz M
[ 3 sm[rzu.u Sﬁ]. L&)

+
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The K5C wwer data were used again (o evaluate the
accuracy of Eq. (B). To simplify the analysis, e cor-
rection factors a and 8 were both sel W one ai first.
Results. summarized in Table 5, arc once again slightly
dependent on the time #one. On average, the shear
function is largely underpredicted by using Eq. (8), as
the mean observed value of p, was 28 and the mean
caleulated one was 1.8 (using O700- 1900 [ST)h The
samee was troe al cach individual wwer for all pairs of
12-h-apart times. Again, the earlyv-morning-latc-afier-
noon pairs of kours {ie,, 0500-1700 throagh O700- 1500
LST) gave rise to larger values of the shear function
than did all other pairs. For example, at tower (MG, the
average observed value of py, mas 2005, the average
caleulated value with the 0700-1900 15T pair was 1864,
and the average calcubated value with the (000 1300
LT pair was 1761, The average behavior af p a! all
towers as a function of the 12-h-apan pairs of houwrs is
shown in Fig. 10b. By using the corvection factors o ©-
095 and B - 1.2 [suggested m Archer and Jacobson
{2004)]. valid for the continental ULS. time zoues (ic..
=5, =6, and =7 from UTC). the carly-morning late-
aflternoen effect was virtually eliminated. In tact. the
average pobtained with correction factors at U700- 1540
LET was comparable to the average p abtained with
gther pairs of hours (Fig, 10b and Table 5).

The final question to investigate is how well the pro-
poscd formulation for the shear function actually mim-
ics the real one, Figures 1la-c show cxamples of caleu-
ke and observed py, at the tower closest to the aver-
ape (415), the tower with the worst performance
(0001}, and the tower with the best performance (1506).
respectively. In general, the proposed sinusoidal pais
tern of T, is a good approximation for the real pattern
of the shear function, However, besides the general un-
derestimation of the average value discussed above. the
observed paliern shows a larger amplitude and a
sharper transition from day to night (and from night 1o
day). Also, the carly-moming/late-afiernoon hour pairs
temsd to produce a larger daily mean p than do ather
Iour pairs, This supporis the choice of the correction
factors in Archer and Tncobson (04, which forced a
reduction of g (o < 1) and an increase of A (f = 1L

4. Conclusions

In this study, the elfects of imerconnecting muluple
wind fanms through the transmission grid were imesti-
galed. The area of interest mas withio the midwestem
United States. previously identificd a5 anc of the best
(paations fir wind power hamessing over land, Mins-
teem sites with annual average wind speed at 30 m
above ground. the bub height of moedem wind turbines.
greater than 69 ms ' were identificd amd intercon-
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nected within an increasingly larger array, Wind speeds
at 80 m were calculated via the least squares method,
which involved a combination of 10-m wind speed ob-
servalions at the sites of interest and vertical wind pro-
files retrieved at nearby sounding stations. Observed
data from the Kennedy Space Center in Florida were
used to validate the method.

Array-average statistics were compared with those
vbtained from each individual site and from the same
sites if they were not interconnected (linear sum). Pa-
rameters that depend linearly on the values at each
individual site, such as array-average wind speed, wind
power, and capacily factor, were unaffected by the in-
terconnection, as expected. All other nonlinear param-
eters showed substantial improvements as the number
of interconnected sites increased. These included stan-
dard deviations of array-average wind speed and wind
power, which decreased as array size inercased. array
reliability, and reserve requirements, which decreased
relative to both the limear sum and the total electricity
delivered. The marginal benefit of each additional site
decreased. However, no saturation ol benefits was
found, that is, positive marginal benefits were always
found, even if small.

Contrary to common knowledge, an average of 33%
and a maximum of 47% of yearly averaged wind power
from interconnected farms can be used as reliable,
baseload electric power. Equally significant. intercon-
neeting muliiple wind fanus to 4 common point, and
then connecting that point Lo u far-wway city can allow
the long-distance portion of ransmission capacity to be
reduced, for example. by 20% with only a 1.6% loss of
energy.

Reliability was studied with the generation duration
curve because it is relatively simple to implement and it
does not require any load data. As such, the results
deseribed in this study are general and do not depend
on the load, An alternative method to study reliability
is the Effective Load Carrying Capabilily. Because of
its complexity and dependency on load data, the ELCC
approach is recommended for future studies.

In conclusion, this study implies that il intercon-
nected wind is used on a large scale, a third or more of
its energy can be used for reliable electric power and
the remaining intermittent portion can be used for
rransportation (i.e., to power batteries or to produce
hvdrogen), allowing wind to solve encrgy. climate, and
air pollution problems simultaneously.
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HVDC Progct [1]

HVDC: Going the distance

Comumissiomng of the second of China's longest and largest power links is scheduled for
completion in June 2004, Using HVDC technology, the links built by ABB will transport

power from central China to the fast-developmg mdustrialized areas around Shang hai in

the east and Guangdong in the south

A.: ek’ econony ¢ onbnues to prow st sn
extraordinmyinte, so does is need for power
Crrendlly the greatest need & bnmgang power (o te
tat developing industnalized sreas aroiml Shanghai
and Clumiig dong

To pddress this need, 8 project bas been umde
taken by ABR o buld two of the woul ' most pow
il s lomgest high voltape drect cumrént (HYDO
teasmnisaon links each wilh 0 nominsl aeing of
3000 MW, The Litke one of which came inlo opera
thon o Nlwy 2003, will tramsport poveer from the nue-
ave Thive Geages liydropower plani w e endan
constsl repion and e sontern regian

"The contract to badld China's first 3000
MW link was awarded inn April 1999

HVDC DEVELOPMENTS

The power generabed by Three Gorpes will be trans-
nailed to regional grids via the Three Dorges fmms
mizon sy, whadh will form the bass of » new
matsomal network. However, o major portian of the
power will be trancnutted to Chene's indusinslized
constsl srens Uy Shenphs and Shenmen vin fow
HVTC ik

= Garhouba-Shanghal 1200 MW bipole, Iy operation
mce 1991

* Three Gorges-Changrhou [3GC) 5000 MW bapole,

comm otied 1 Mey 2000
* Three CGorges-Chianpdong (SEG); cirendly bl
communissansl

= Thiee Gmpes-Slmrrbad 3000 MW, schadaled to
tavt wp i 2007,

The comtrect 1o beild China's fuse 3000 MDY Lide
[BEC) wad pwarded 1o AR by the Chine Power Ginad
(CTCE) by Apml 1090 Under this congonct, ATB lad
the rezpansibility to desgn, ol

nnd supply the
canverter stations at each end of the Ine sz well 0
19 hraker-bury pae e ated mwischgoor (GIS) e gquip
puend i Ghe Tee Chorjed dam wte, Thiz B30 kan,
/500 WV ik whach nas from Tleee Corgpes o
Chanpchou péer Bhanghm i the sars; lomoed part of
thm initernsomalby financed portion of thie peeject,
The order was valwed ni Yuan 279 billlon (5340 ma
Hond AFR sroanged fnamcing (o the project Srogh
® proup of intermaironal banks mehading Sockisd
Géntrad, ANZ. Banking Groap, Credit Agricola
Tendomsie, mnd the Nosdie Tnvestment Ranke The
loanz were parally puaraniesd by the Swedidh
Expon Ageey

The condinct for the secand arder was pwarded by
the State Power Corporstionin Getobier 2000, Thes
78 ko link s from Thes Gorges 1 Gusngdang
o thw gonth. Thés conlract was 100 et ceit faded
Iry Tl snd e bnmemp wai regquinred Tnder Uhe
60 mullion contruct ADR i providing » turnkey 5=
LLa b HI'L"IHJIII? converter valves, pewel timlormes
und the smootheny resoteas for both the sending md
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[1] HVDC ProjecT

recerving ends of ihe link In tossl 23 P

g fonmers and alx smootisng reacterssre bang
mpplied jmndy by ABR's mansfoamer inctory in
Limbvika, Sweden and the Clunese state owmed Xi'on
{rmn Forener works sn ABB heriser

HVEX has @ manber of advantages over FVVE
The techmolopy o particulssly muided to rasmiting
power over leng distances Decasas loszes me Low. 1t
im uilmn ideal for commecting sepawie networks since o
alnigled the need for netwark syischiomzation

Al the bemt of the FVDC maifon is the comernier
valve for rectifying or imvering electic eured. This
Ccxmndsts of 0 lugf mmmher of thrymisiors oonmecned
mclas bo cope with e high vallages. The byrimon
are moasited i modls of dlx. Esch valve level cm
house 24 tnsions. The valve b norally suspended
from the ealing of the valve hall for profecuon agmimst
emrthapuaices. The valves hime to be conbolied m orden
oy sl the pequared oumer el power The valve
mutst also be eooled and the coolng waber ¢lrsned
Eacls valve hall kas o simge armester (o protect the
twmstor hﬂ:ign Agnm |11m|||||ll1_.'IugJ1 wlqr:

A HVED station comprises misch move than n
exnvertes for pectifying or imvesting elediric coyent
10 & lege sutdoor swabclong station. 1z must be
||un|bh ti lsolate the ststion On the AC side, Miders
are meeded to mmooth ibe cussent frean the HVDO
vllves mid the AC line s to be -.'mu.pms.llen! for
the pemchve pawer,

HVDD plants sre also provided with trans formens
o e AL mde The most imposiani reasons for
havuig & trmsformer wre
= T optumize the level of divect voltsee in VDG
trenzeesson and to heve s sllicientdy low volisge in
lrack to-back operstion
®= T'o be mble to cow tap chinngers For rough sethigp of
the veliape
® T abda meare even disges current and owore
sirmsickal slemateny currest (12-pulse commection)

& The framformer lmmts {he shont craal cument into
e valve

Oni the D ade, the current misd be mad e smosil
and fhe retum ihroaigh groind or water secured
Huoisgh an ¢lecimode armangemen

Thee igh 1'|lhll:rr call for lssge dislances between
epiverler -converler i bel weeni comverter- earlh
Thit meand t2a FVDC station has to he spread aver
8 lmge amea.

THE 3GC prROJECT

ABE hsd the oversll responaibiliny fea the o 300
camverier siabions amd supphied all ihe equipmeni
excepl the canverter translormers md oo othang
rewclors ol Zheuping (ihe teceiving end comverter
simivon) Aldl.outlh st g guipmend was |nqm|h'd 1510
Chunes, some transfonmer umiy, copacitors, amd relay
motections were produced locslly. O34 was respon.
sible for tllding the overbesd line and the ground
electrode stwtsons 11 Al caerbiad oanl el weakis and

963

Irnsiallagion of the convertfer stahons

The sending end HYDC converier stwtion = locabed
ut angqtmn. ahoat 50 ke from the power piull
Bl comverier sisthon m commected o e mmmin el

work of theintaconnected AC power peol wiach
cmnpnse:lhc- Cenirdl China Pewer Systam and
Setman-Chonging Pewer By dem

The recerving end sintion s located 890 fon to the
east at Zhemping, aboul 80 ke weribwest of
Shamphar This i5 connecied (o the Enst China Powe
System which covers Slmighai, Jinsgas, Thoflang sad
Andnd, Longipan & eonne cted to the Thees Sorges
plant by three 500 KV AC lmes Dhengping hus two
00 &V AC outpedng lmes

November 2008

THE CCIIVERTER. VALVE B
AT THE MEART £F THE
FITIC STATION

"HVDC is particularly suited to
transmitting power over long distances”

EVDC was chosen to tmsmmi power froum the
Three Closges plant for seversl ressons. Since the
wentrnl aned st China/Goangdong AC netwarks ore
not synchromnized, an AC ransnmss onscheme would
have requered coordistzon, nnd 18 wosild bave been
Ml o ersure adeguate siability margma. HVEC
v eomirolled troasesndeakon of pees by ewen ths
networks whoch reton fvar independence

B weondd als have been dufficolt g0 biald an AC
irmmirission lime m stages Le. one hink after another.
ws 8 very sirong inber-iie would have been needed
froun the cwtiet i arder to keep the penembom of
the two prids synchronized

D i il mor ¢ ecamamie in bemet of consnicon
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ABETy Thirve Gopes HVDC leba st & s lior o oo, Ty D g
béggresl s Tl g pooke L. W50 MW, Ther proevicens peced waan ot
Buatpus 1675 MWY. T rwecution s of 32 mantha for e st lnk was
bucnend foor iy chiss, Dl iook moew than 80 morehe. A1 575 ki the
Tiwor Conpey-Guangdong ok i i longess DC line in oo = loiga
i 05 . Thee fiek o oo off the inoar advanced

eonterl mnd protection sysess, ARE'y ses- o the-m Mach 1 ate

Project bretits

Tha prgory b 2eth sonnoede and iectacal oo, Booramic bore:
i Ml v Ereeirend ool kower power e, Lem Irtjaac om
tia enviremmes; and igh ieliabibny sod svailabiiy,
Techrical bareslivs inchate: precea mid {5t cormollstay of power
N, prnvertion sl o 2 Macko: ol L A
lirmesaationy ol shwet-cireuh curmends; e b on the kength 6 cabibe (doe
o shwenoe of dhangieg e,
From asocisl spoc on e ol provides powver BRELY U i
1§ million tenmeholdy. kewer onogri el of eenewabis iy e
avirids misaons fiom 3000 MW of fensil-foel power plares in o demely

964

cedts apd losses Five sartes compensated, 500 kY AC
Lirmm woewildl hanve beeny neecesemy to traramil the smine
i of poswer ol each line would regore o
Tmger oglhtof wiry thimy oine HYDC Hoe of 3000 KW
The l‘r‘nl.u traramiskon als mesns G hald of
the power can be rrsmiied wen dusing un omage
of ong pobe. The momensl TC voltuge b4 500 kY
but the opersting valtage a9 be reduced down fa
- 350 BN 1o ensbile condinued operation even when
the DC withetand strength i4 reduced due Lo innalator

November 2008

HVDC ProlcT

eormiruction theie were nearky 1000 winkiers on 2
The Jingztvau site was chosen for a pumber of res-
some The load distrilsution of the loml netwnik was
a prame consdetion Jlogrhou i the site of an
exipting spstation and the AL vard o importent
oode i the funee development of the petworl,
togetlier waily odhver 500 BV subseations. In sddition, o
has u good supply of water, pood Land svailabiling
and road accesd for hemvy eqmpmed

When the HVDT link becosmes operstional the

contmninstion o ndverse weather ¢

This Line cverhiend eapacity of e X0 traenmsaen
= alrout 10 per cend for two hours. A umgue feature
oF tha pecening end station w that 8l 500 N O
equmpmaen (excep smoathing reactond) ave located
mdoors. The eontrol and predestion syvtan o ABRS.
Mlacly spstem

The comverter sintiom losces at mbed opernlion m
st 47 e oot Al critiosd subsystemneare duphieated
10 eneure biph avadsinlity snd volalxiny.

T frst prole (1500 MW bepan comnerchil opera
tom i July 2002 and the entire Bipole was complreted,
e S, an M 2003,

THE 3GG PROJECT

Wiale tas was o short time schedile, the second
popet, 366G, called for 30 per cent to be shaved off
the nocnal lesd bnse, This means that the Gt pole
will be commaaoned jut 72 months atter agmng of
the contract. ABR w achieving tus by what it calls
ou-zee ol design engineenng and the lessons leamed
from the (2 project This was posiible since bath
prajects were sl Lideed the ipht project
sehedul e was o major challenpe

The ¢onverter station o the seding end s located
in Jingthon, close to Webarg. A the peak fime of

HVEC HIGHLIGHTS
poyualited wmm trve ghout 15 TR hertarm of Earndsed and Baestsioe
“MH“”

jonwill have the capsety to deliver 3000 MW
o Cuangdong plus 2250 MW frem the existing AD
substation Testiing of the sy = well undeway,
wall & sk of ileims Ledig bested bo assure syslem
relinbdlity sndd functionatity. The system will be tes
ed under different eperating scenanios. One lmpor.
tant test wall be the mode of tranmnessonmder
merensing bosd. Thag is eelated to the power rating
dismng transmassonand will be done watually ol the
senudiny and recenang and

Diespale the short e schedile for biiilding the
progect 300 lnk, constmictionof pofe 1 was
ncleved by Tmmimy 3004 il tesang tosk pst one
mpoth. Full lond testing ook place i Febrmry when
the sidditional pavo units st 30 came on lme. The
entire system mnd Live wos due to be commizoned
Ty Jume 200, Bovwever ABD will momapge M pul the
eysteminto operatien twe months ahead of schedule
Acceading to the CPG, this is the thostest fime
pequared for festng any projectin Clana. A moall,
fhe 303G propect will be compl eted oo yoar fadter
tham stx AEter project 300 = & new pecord

According 1o the project engancers at the Fngzhon
substati on,the bipged wehnical challenge was span-
nung the Yangme Rive But despite thio, the project
wend smoothily md it & hoped st the experience
pained ul Jingehou will be applied o e projects

tosEir

s i S
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Building a grid for a nation

The Three Gorges project is at the heart of China's power sector restrachuring plans, Cnce

complete, the project will add 182 GW to China's generation capacity but perhaps more

mmportantly, it will form the backbone of China's plan for a strong national grid.

Ol Apnl 3 199L the Fitth Seiston ol the Seventh
Nationnl People’s Congress passed the
Tesalution o Construcion of thie Thoes Gorges.
Project on the Vmgtze Biver. The project se » key
project for the treatment and devel eqrenent of waber
resoarces on e Y mptze Frven The das will facl-
tate the diverssan of water from tha south ta the
pcwth nnd 1|m‘v't|l¢ fAeod contral. Past perlogs more
importnnily, the power project willl also be at the
heart of the country’s natiomal powsr nlerecnvetion
e

Supported by mew munk, power reswmission oy
tems, the Three Gorges pawer ummmmuuujm
will be cerdral 1o Clhina's plars bo sl mn Integraied
national grid. Power genernied fom the plant wall ke
trmnsenetied 10 yrids o central Chins, exst Chin,
Sichnemn nred Gueshgohang provaes. Wik mvre than
10 OO by off HVAC smal BV lines, this systen wall
Eorets the basls for 8 new natfonal gid which will
combine the seven regional netwarks and five
independent provineial networks to ereate twe new

intereommected regiona] eqworks

HUGE HYDRO

Tha Theres Chorpges project will be tha largest hydro-
pover plamt in the world, Consiruction bogan n

18683 it upon completion in 2009 it will have o
oealing, capectty of 182 GW, Power will be gener-
ated from a tetal of 26 gencraton = 14 on the e
hank and 12 on the right bank - cach with a capaci-
ty of T00 MW I addition, sulficieni space hns been
wel majde on the right bank for a fubire umdergreund
poveertioiie for six turbine generatons with o botal
expacity of 4200 MY, The inesies of these =itsare

being constnacied simmiftaneoedy with the project
The dam i of § conerete gravity rype, with »
lengih of 23086 i It hos & srest elevalion ot 166 m
anil 8 maxerm height of 187 me
Comstrnwtionof ihe project s scheduled 1o lea 7
years. Thioineliades the five-year 1S538T) et
phiase of preparations and constnction emding with
ths dapmming of the Yegize Rive, the S -yEnr
| 1896-2003) wecond phuse ending when the water

level of the reservoirrenclsed 136 nr and the HX-yes

(00408 thivd phase winch cods wath completion of

he whale project.

The mmn Buancial chol-
lenge was unding the pro
et diring the Aot 11 yoors
of construetion. Pt wath
the project begiming o
pemerate meome pp 2003,
msumry from efeciriciy sales
ey new be wsed to fund
the project diaring the laiter
part of the constructian
periad

Indeed, the year 2003
was @ histeric yearm the
eopstaciion of e projest.
The pu'mul warks h-gpn [T
whbore water o Tuge 1, the
sloruge wenl up 1o the de-
vation of 136 m on June 10
amd the permanent ship
locks opened on Junc 16
The [irst six wdrs began fo
eomsecutively generate elec
iy in Awgust (fwo went

T CONDUCTORS CARDY®
3000 Mw To EASTERR

AT SOUMHERMCHMA

r

£
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GRID DEVELOPMENT [ 2]

CHM: "5 TOTAL INSTALLETH
GEMERATING CAPACTTY

mln epersionin Augar, two m Oclober and two
b laie the yearemnid). The pivatal worls enteved the
third plirse o ihe beglnning of 3004 An additonnl
feam ity willl begin commercial operstion tis year
aned & farther fous in 2005,

When all tmits sre flly aper uisonal. Three Gorgrs
will harve no anosl output of 847 TWh. A lage
partion of it elecmenty will bo mppliedio exst
Chins, central Clins and & amall pertion o the
Chonggite smssinde]pality,

SECTOR REFORM

In the past. it has been smd that what has mos fin-
dered the mmketing of ulﬂmy hing Lewti the ©oum-
byl oot power mstagement and linmted poswer
traea sion eapacity. However, informmstion from ihe
Chuna Nakonal Power Corporstion showed that by

Iy enting Thres Cioggas B AN opportunity Clana ecudd
restichure ga power industry, reform the existing
povwer manapemest und operstion mechanzees and
1-'|h-ﬂl up ihie construction of frmpession inalsies o
rural and 1whan ares:

China b expenienced an srml growih male in
ustalled generating capeity of mere tan 8 per cent
for ek [net 52 vesss. A the end of 2000 inasllad
capoeliy sbood ol 357 G, About 50 per cent of this
capacEly was coptralled by the Stde Power
Carporafion (SPCL The temamang 50 per cenl was
ewmed by independent power prodicers, Inige gen-
exabiy ke Three Gorges and Guangdang Nudear,
as wull ag provincd o local governiments

Power Ivestment (29890 MW, Tramedssisn and
dEapibrson is io raTaE 8 mnpupnll,-, under the coa-
irod of the State God Coaparaizon and Chins
Souithern Power Gind Co. Lid

“China plans to create a
maodern power market in
which planis sell power to
the grid at market prices”

Chire's inlenison b5 to eveniually create s umfied
|_|,||r|.. and have 5 madem powed mmket in whach
plants ==l power 1o the grid o marke determmed
prrces. Imtially if plared o introdises competitive
prcing m ax e - Chepang, Slaog e, Shaodong,
honming, THin snd Hellongjlang - on n ieal bests,
witly ench free to mq'ilw ite 0w methad of compet-
imve priang. These sm wrial regronal mariiets were
expected to bs mierged o7 sxpanded (or o moe e
prated competshve market bul the expamaonhas
been teanpararily salled bevanies of severe power
shortapes ﬂ:prnfnrfdin o

TRANSMISSION ISSUES

A key 1z an the developmentof Uns mtegrated
competitive market i the development of m
integrated network

Allugethr:.lhﬂ'l WIE SEVEN Punnln'm ol |1-3|.u||l|

In Cretaber X002 the pove i JI.H-H'd
the Electnaty Sectar Relom Ad o pro
merle competitton, i norease efliciency and
penerslly stresmline e industry. & regu-
Istory body was erested lo suprnize the
electricity maket. The SPC was q:hl [T
five competing pesieating comparmes amd
two non-competng regronal metwork
companies

The five peanernhing compan# are
Humnenp Groap (37 970 WW): Dutang
Electric Power (32 250 MW); China
Hundisn Ciroup (11 030 MW); 5 Eecine
Power (30 470 MW} and Cluna Elechic

.-llllllllllllll’!lll[!
T T

Beusas. ABE .
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[2] GRID DEVELOPMENT

grids amd frve independent gnds whach are naf con-
wecled The regional netwosks = Mogth Cluna,
Waorthest, Eagt Clunn, Contral China, Northwest,
Sichuan sl Chenggang snd ihe Soabern Nerwok -
opersteat 40 KV, with the exception of the
Borttnwest Network wineh has a 300 kY backbone.
The five indepemdent grods ave Shandong, Fujien,
Halrm, Xenjtmig and Tibet

The coutliern prosances plus Halnsn nre sdewed sz
the souzh prid and is operuted by the Southemn
Network Corporstion. The resaminder i known ag the
noaits grid snd 15 opernted by fhe Siate Network:
Conperation (North Company). These network com-
panes sl also have their own generating plants,
prmanly pumped storage

Wiele network seessabuliny has resched 964 ey
cent, secording to ATH theve are 560 pansmision
oppornemities. Altesdy, Three Gorges 15 providing »
slgrilbent portbon of heie tanmmisEion opporim .
B Power from the plant will be distnibuited via 15
wmemassion lines, with S0 kY AC lines to cenizal
Chinn mnd Chongeing City snd «f- 500 &V D lines
to east Chite and south Clana. Orveral], the project
wall pepaee dve eormtruction of G519 lon of AC bines,
wath o converting capaaty of 2275 million KV nod
Forme 29065 juw of D limes wath the capsaiy of the
DX converter stubions reachang 13 000 MW,

Wi is Three Carpes will go some way o meeting
the power demandsin the enst, thee Wil be n con.
timing need for Smermiting power from wed o
east Tlas is expected 1o be nchieved via three
Toules
= Bpith liews 10 000 MY from
Guizhomu Yumman/Gaangxd te Cusnpdong
* North les 5000 MW freen Slumml/ Shansd Tneer
Mg ol ta JinfingTang area
= Cenfral limes: S0 MW from SachianHubes! o enst
Cluma (including the second bipole HVIC link from
Taree Gorgres 10 Slanghai)

There w also s need to interconnect the regional
mnd independent grods wang bath A and DC
wyuiens

There are plans to oep up o vobings level in the
330 kY noribwest netwark to 750 kY. The plan ot
baald m 146 kan 730 kY AC line from Menpiog to
Lazhou. Tlas will be one of cnly s few 750 kY

967

wanssmson lines operatons] m the
weld. Construction of this hine lias
heguin and AP is tediding an te Eans-
fearmers and remctors for the projpect.

Tlsese sae als substaniii pequere-
raents e de distobuban fide
Accandig to AFR in the Hih B Yes
P COO-M00) the coumtry plans to
T mvest 324 ballion m e son and
distntution. I sddition to lughe vols
mpe HVIC systems, Clims will need
lape frmisformers = lagger um foday's
1000 542 trarsfommers which ure svail-
whie for angle-plase Cluns predicis
that in the next 15 yems, frmmforming copacity wall
e showt X GVA

Teclnology mech as FACTS (Fleable AC
Teanarmsaon will ke peeded to plmrirll vollsge
regudmfion mnd compensetion

Furure HVDC

Lt vemr wae an imporiant year in (he Chinesa
power sector. Somwe 11 provinocs/regicond encoun -
tered power shortapes. To cousiler dhis, same

£ millien was investedin geverstion, with 37 GW
being pul inte cperatien. A the snme wme, 8500 km
of Eansmmssion lunves weie also pail into eperation

November 2008

“In the 11th Five Year Plan (2005-2010)
the country plans to invest $24 billion in
transmission and distribution”

By the end of 1his year some 14 plamts sl have
been constimicted and & further 10 000 km of hath
AC and DT limes will have come o opeiation
Locking ahesd, ABE cees more opporfun e for
the wsa of HVIC technology. Chins bas schedul ed
seversl FVDC prapects for both the nesr term and the
longer term fe.g. up to 2315) There ae plans for 16
wets of [ tranismassion fines etween 2006 anmd 2000
Intereingly. some of (hese projecti my siretch
over greater distances snd operste at lgher voliages
thamn links Wl to dele. Mot Tong’ trasousmon dis-
tanpced i Clina are carrendly sround 100 bk but the
eoumiry ks loakiig ot wrys of sending power over
chstances af avoumd 1800 2000 km
Commnensig od e fiture of HVIDC i Chi
Peter Lenpp, Chmumm and Presdent of ABR i
Chima sieted: “When you leok ot the amoant of
prawer and distances, you may see 8 nesd 1o step up
voliages from 500 8Y DO to 600 KV I3 Cluna i
mew shichying our experenices al ladpu where we
ealt a 600 kY DC link, which w 2ill the hghes DC
voltege level niter 20 yesss in operstion. They e
seetmy how they can npply this technologpy i
bt power to loeations which sre further pwmy *
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ABB's involvement in the power transmission from the Three Gorges area to the load

centres at the pacific coast demonstrates the company's strong local presence in the

Chinese market and its strategy of working in direct partnership with local businesses,

Arpa. FVRER
DOMELINITION CROWTH
FATE OF MouE THAN T Fm
CENT M THE 7aET 50
YA

- 5888 BBEEBES

Tu- arpact of the Thees Gorges project ix buige on
b

il 0 lecal nnd natioml scale. The project =

mrrureling ares sre spziculhee and Meadilng and sne
of e dowy poald of toe project i bo provide Bood con
el im U nmddle mnd bower reaches of the Ysptor
Frvel Aflar c-.u|1|rlvum|. of tha project, tha Nood con
ol standardsmn thed 1 g renchoof the Yargee
Fives will be roeaxd fran e presoni less than 10-vem

trequeney flood to 100yesr frequeney Moo,

The project oalled [or the undestalimg of » gy
relisestion progpanmimn, Dt ahhough resetilement has
been a dillioull tuxd:, the project s beng seen as s
goad oppotunity e develop Hhe kocal eeonay. The
reservoln pexion of the peject 10 in an [T e
aped regionof China where prople v in the drea
bisve s per capivla mconee B belosw tha national ave
age Hince the project’s implamentstion, thovsasds of
hectaies of farmlmd bave been developed s well as
Hemazands of squm e metres of new howang

Thir project saite is located 30 kay fioan Yichang
city, which m dre home of the project ovmers -
Chma Y mgior Thoes Ooages Propet Developmeend

Coapornbien. Yichang les a population of 400 000
und eomstmiction of the project md s surrounding
Infrasirschee i poviding ol e some 30 000
warkers from the aty,

Al the nstiemal level, tha profec will supply Clima
Wil chenp. reliable arl clam eoergy, Whenil 1 com
F|r||"|.l| P ihe phl will seecaml for about teur pet
cent of Cluwls molled genastng capaginy and repingr
some 40-50 million ot of w204l sech yoer,

[ ECHNOLOGY TRANSFER
Ching liss 5 policy of exchanging market shme fu
techanlogy, n policy wiseh was sdopied for the
‘TR Clorges el bonk power pland and ils resamis
sdry Licka where HVDC techonlogy was used for e
maEmeEaon of power lo Changzhou m sast Cluna
nnd b Chaang dong

Intermaiicnal mamifscnaervhed to oorefer technol -
o ten thefipnnted stade osmed compam e and e
these compam e as 1acal sb-contmesons = bl taloe
respedimibnlity for the quality of perfornaance and
delivery of these local companiei. Inferombonal tnm
ufacturers we e glio asked 1o ke fdl responzbility
fog the perfonmunee of e project mcluding the
perlorrmnance thei local jastoers.

THE CHINESE WAY

AED s o stranger 00 doing busines: i China. 1
began selling inte China almaa 8 contary o bim
the tuming point came abo |0 yeazs sgo. Pein
Lawpp, Climman mdd Prendent ol ABR i China,
explmned. We deaded to relocate oaur Clama lwad
iyemtess fom Hooy Koag io Beljing. At this dme
we bgami to: o6t up neore businezses in [msmlmd]
China mampisohee locaby el develop o prup!e
This bns mande s more of 8 Rilly Elacped conaprany
withun the ewtintry oo opposed to st o sales
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company here ' Todey ABB hus 6500 people in more
thyn 20 econapaniesspread actess 23 mapr aties
Urnomaniing China's comenl approach to usldimg
profocis w key o beng sucemsadid. Clane has ooy
demign Iratitotions whach 22y ol detailed engineer-
g for powes fechoology peogecis. It alm hae metalle.
Hon companies, lesiig congpuries, for commisE onmg,
and conatraction comparees te baid plant

buopp commeanted “Tho only thing Qey Lack =
prochicts. Even far large pover plams. China e
very few himloty power plants. bn the poed China has
been a prodisct mmkel’. They would by the fu-
banes, the genawiors, boders, sunlianes and then
twiibe thhe plant thermeelves

ABB hine establislied & stromy manmifacturiig bese
i Chann. For example, it hos theee compunaes estsh-
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us

depan Swittedand Gannary

lashed for busldiny power transformers and ewmn
sazne M per cont of the market for Lege-sized power
transformers Leupp noted. These companes are st
numirmaen apacily snd we would love 1o consider
pettang w6 foamth congpany of we wint & bigper
share of the mmket

These compartes were sef up to overcoms harries
to import, "We lmd Dot of oustomers wanting te buy
our products b didnt have U3 dollars Al thit e
wmmpord wins aloo maore diffioudt The custormer would
hve to go through mn evaluston amd debste ue to
winy 0 local product could mol mest s peeds

CHANGING TIMES

Cortmndy doing busmess in Chans hos nof been
siralghiforward in e pasl Bl with o fasl growing
economy e its entry 1o the Wordd Trode
Caganizsion (WTO), the government i bedrg forced
o imakie changes.

Clina has one of the world's fartes growing
doonneies ikl i now B world's foueth Ly et
eecmpomy. Al the 16th Party Congress in Movemlbe
2002 the goversumend et the ehjechive to quadnmgple
its CEF ey capatn n the yenr 2000} by 2000, This
will pedquize m yvemly grewth rate of around cght pa
cert This o s igh growth te mambsin bt w neces-
zary i order 80 Keep down mnemployment and
mainiain social dabaly.

Thee huge ec growth s wpaned Iy an
increesed powes dennumnd. Power conmumgition s
wxpected to imorence from 90 TWh in 2003 1o
4500 TWH in the yem 2020, In the past 50 years
already, there has been an wvernge snual grawih
ate of peven per cenl

Unemnployment ks one of the main politioal chal -
letiges. There are an estimsted 2025 pullion job
seckers ench yem The siwle can, however, anly
provads some 10 nillion jobe sach year through
capital investments (i indiestuctue developments
Chana therefore has 1o rely on the service sector to
provide the pemmmng jobs. This, however, requires
the eperang up of the service seclor = § process
which i bemng faciliisted by ihe countiy's entry

wato the WTO m 2000

The country had 8 Meyear grace period to
become WTD complinnt. The National Peoples
Congress appoindeds new govermientin Madh
2003 whach wall oversee n senes of changed pelabed
o Ching's aceessonte e WTCL This povernment
will gerve for o Boeyes berm.

The Tagt tweo years hove seen changes in legpelation
to ke Chiina mare WIT compliant and thes will be
L oML frocess.

Cline b g4 epening its doom 1o foragn direct
mvestment (FOT i intcmational events such a5 the
008 Obvmpics md the Wodd Expo in 2000 wAll pro
mote futhes FOIL nnd buedp bR the sptermational image
of the couniry.

China’s sconomy w showing no sgne of 8 near
term pecersion, FO & still srong = the setunl wilice-
tron was wbout $50 billeon in 3000 sed o ferecast ot
560 nlhion an 2003 Wit ihe economy conltming to
o with ne 504 of 8 slowdown, ihere las been
presaure lo appreciate the Yuan

WELL PLACED

Cluma fs well placed fer comimued growth and con-
timmny changes i legidlagon will contimus to
encomage s influwe of foreign capital and expertise.
Accordug to ABE, fereign investment acceunts for
miate than 50 per cent of Clina's exponts. Foragn
mvestmentia tie Key belamd te comtn® exports
and its ecntinigng prowth,” smd bupg

The private sector will be Chma's engane for job
erdafion [ secounts for more than 30 per cond of
GIN. Today, the couniry has moe than 17 il
private enterprises wilh an mvestment of EMBL 1 -
lion In 2000, 75 per cent of industasl output < ame
frofm e -slate sectors

Naeang a company in Ching cataiby provides
conpebbve schantapes. The counbry leas o huge
edisrated hidsoar force a0t Low vodt, Wi theee funds-
mentalsin place and o rapidly prosang electneity
mmkel. ABR believes ol iswell posthoned 1o moense
busttiess ns Chine goes througly ity changes

O EIsCTRIC POWER,
CONVAGTION L CAFITA
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Comments of Hinders Dairy Inc on the proposed Sec 368 Corridors Before the United States
Depariment of Energy

Hinders Dairy Ine (HDI) is a land owner holding approximately 2100 acres of land in Randal
County Texas and is party to a lease option agreement with Higher Power LLC for the
development of a wind farm{Palo Duro Wind Farm aka PDWF) consisting of approximately 25
sections and to have a projected output of 400mw. This project is located within the Southwest
Power Pool (SPP) and approximately 20 miles from the Blackwater DC Bus Tie between Public
Service of New Mexico { PNMjand Southwestern Public Service (SPS).

The current SPP market has no room for the the estimated 30,0004MW of wind power available
for development in the Texas panhandle north of US Hwy 70, There are additional amounts of
wind power in eastern New Mexico that lie in the SPS service area that have no market as well..
As of December 31" 2007 the Energy Reliability Council of Texas (ERCOT) met the current
transfer capacity limitation of 4850MMW of wind power, Future additions of wind power will be
limited until the Texas Public Utility Commission completes its review of renewable energy and
then all appeals are exhausted and construction begins on Phase 1 projects to upgrade the
ERCOT system. Current plans do not show any construction into the panhandle of Texas until
phase 3 (Panhandle A) and 4 (Panhandle B) begin. The costs and the limited transfer

capacity( 1 800 mw max/$1.5 billion) dictate that less than 5% of the available wind power in the
Panhandle will ever make it to market in ERCOT, The cost of adding 800mw of wind in phase 4
will exceed SB00 million due to existing transfer capacity constraints beginning at the Graham
substation and reaching a choke point at the Parker substation in Fort worth.  See tab 1 Texas
Markets

The alternatives are 1o move wind power in the Texas Panhandle and castern New Mexico to the
Western Electric Coordinating Coungcil (WECC) or 1o the Chicago area under a joint proposal by
the SPP and American Electric Power Co. AEP. Hollywood and Vine in Los Angles and 200 E
Randolph in Chicago are equidistant from Randall County. The western route has the advantage
of major markets in Arizona and Nevada that will be short of energy by 2000 (see p.20 of the
WECC December 2007 Power Supply Assessment tab 2)  PDWF can make energy available to
the WECC by on peak 2010 and possibly as early as July 2009, Further development of wind in
the castern New Mexico/Texas panhandle outside the WECC grid service arca would most
logically be done using a bipole DC tie similar to three 3300mw systems built by ABB in China
as part of the Three Gorges Dam project. Rights of Way can follow the existing double trackage
of the Burlington Northern Santa Fe Railroad (Santa Fe) that runs from Clovis New Mexico to
Needles California. Using this established corridor and a second probable route from Clovis,
New Mexico to Springerville Arizona would not break up any critical habitat that is not already
subject to disturbance by either the busiest railroad corridor west of the Mississippi River or
existing US Highway 60, These two sets of lines would make 6600mw of wind power to the
WECC at points where major load growth and electrical shortages are expected to oceur in the
next 10 vears, See Tab 3 Proposed Corridors.  The corridors would run from Clovis to Belen in
New Mexico to Springerville in Arizona, The other corridor would run from Belen to Gallup
New Mexico to Flagstaft then to Needles in Califoria or Marketplace in Nevada as dictated by
the needs of the WECC. The use of two bipole DC circuits limits the severity of an outage to %
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of the circuit capacity in most circurnstances.

The resource proposed to be included in the WECC plans is the largest single source of Summer
time Class 4 winds in the United States.  Chnstine Archer and Mark Jacobson of the Civil and
Environmental Engineening Department of Stanford University have done extensive modeling
and research on the available wind power and effects of interconnecting multiple wind farms.
The goal is to broaden the power availability by use of non coincident peaks and lows. Tlhis
paper is published in the November 2007 issue of the Jpumal of Applied Meteorology and
Climatology P 1701 et seq. (Exhibit &) The conclusion is that the use of 7 diverse wind sites
can produce firm power at 12% of name plate using a 79% availability factor whichis the lower
end of reliability for coal fired generation. Using 87.5% the amount of name plate availableis
0%, One interesting note from analysis of the winds in Amarillo and Clayton Mew Mexico in
July/August time peniods is that the winds begin to pick up at about 1600 CDT 1500MDT and
1400PDT. They crest between about 1700CDT and 2200CDT which is 1500PDT and
2000PDT . The standard deviation graphs show that Clayton during times of peak load remains
on line and generating even at -1 standard deviation. Amarillo has a mean expected wind spead
between 8 and 10 m/fs with Rayleigh power of 1000watts/m*2 for July and 200 watls/m*2 in
August in the ime frame that the Pacific time zone is hitting peak load.  Amarillo has the second
highest mean wind speed at 8.4 m/s with an anmal capacity factor of 44%. Clines Comers, New
Mexico is 4™ and both are class 5 wind areas. Clayton New Mexico is 7.8 m/s second and class 4.
These are all far better wind resources than what is being currently used within ERCOT. (See tab
4).

Lastly ANL should consider the impact of NERC N-1 Reliability standards in planning corridors.
An excellent real world example of these problems curently exists on the El Paso Electrie Co
(EPE} system. The Eddy Amrad Calienteline nominally supports 925 mw, But due to NERC N-
1 considerations, if the Amrad Caliente portion of the line goes out fo service than only 200mw of
line capacity is available to serve Alamogordo, Holloman AFB, White Sands Missile Range, Cro
Grande and areas along US Hwy 34, The obvious solutionis a connection between the Amrad
345kv substation and the Arroyo 345ky substation. See planmng studies done in 2004 for
expansion of the Eddy DC bus tie with SPS and to engineening studies done o coinnecta 500 mw
wind farm in the Ctero County area. NERC N-1 standards require the construction of 55 miles of
345kv line which does not really solve the reliability issue. The sound engineenng solution is fo
build through White Sands in a Right of Way suitable to the Department of the Army. This would
enable development of the Class 7 wind resource at Guadalupe Pass/Pine Springs area . Wind
speed is 11.7 m/s. (SEE TAR 5)

Respectfully submitted
Hinders Dairy Ine,
29836127

Canyon Tx, 7
By £~

-

inders
830-438-8675
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ERCOT Competitive Renswable Energy Zones Study 12/1/2006

of SPP have spedified that their proposed long-range system upgrades will allow transfer of up
to 800 MW from the Texas panhandle to the Sunnysde substation. Given the transmission
upgrade shown in Figure 18 the BROOT transmission system would be capable of supporting a
600 MW injection at this location.
The third level of transmission solution for Panhandle wind resources combines level 1,
described above, and the Level 1 solution for Central Texas wind resoutes, also described
above. The panhandle portion of this option is depicted in Figure 19 (the additional
improvements would correspond to those depicted in Figure 12). This'aption includes all of the
upgrades described as part of level 1 for the Panhandle Region, all of the upgracies inc n
- the Level 1 altemnative for Central Westem Texas, as well a5 70 miles of new transmission line
' from zone 2 to zene 10, The estimated cost of this option is S715 million,

1
1
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1
1
1
1
1
1

14

T

3

Connections from here similar to
Level 1 Solution for Central Texas

Figure19: Third Leved of Transmission Solution for Panhandie VWind Resources

The fourth level of tansmission solution developed for Panhandle wind resources incomorates
the improvements described in Levels 2 and 3 above (see Figure 18 along with the

43
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improvements included in both the Bluff Creek to Bosque option and the Red Creek to Hill
Country option.  This fourth Panhandle solution also includes the construction of a loop from

the Oklaunion substation northwest up to Zone 4 and then southwest to Zone 2. [This option s
depicted In Figure 20. Its estimated cost includes the combined costs of the Red Creek and
Bluff Creek options ($700 million), the cost of Level 2 described above (8645 million) as well as.
170 miles of new 345 circuit (from zone 4 to zone 2, and from zone 2 to zonl 1) for a total of

$1,515 million.
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Figure 20 Fourth Level of Transmission Solution for Panhandle Reglon

5. Combination Scerarios

It is possibée that the PUCT, after taking into account some type of commitment of interest by
wind generation developers, will choose to designate some level of CREZ in more than one of
the four discrete areas. |t was not feasible to anticipate and evaluste all potential combinations
of possible wind development interest in each zone within the available time. Therefore,

44
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BRICT Competifive Renewabie Energy Zones Sudy 12/1/2006

VI. DISCUSSION

A Comparison of Alternatives

The analysis described in this report has indicated a need for addilional pathways between
areas with significant wind resources, most notably areas west of Abilene, and significant load
centers, generally along and east of the Interstate 35 comidor. The existing BRCOT 345-kY
systern generally resembles Vo rolated towards the left, with one side of the V extending from
Qdessa to the Dallas/Fort Weorth area, and the other side made up of the relatively integrated
system covering a triangular area with Callas. San Antonio and Houston at the vertices.

Results from the base case of this study, which includes 4850 MW of wind capacity in West
Texas, indicate that in the vicinity of the vertex of this inverted \[ near Fort Worth, the 345-kY
system is supporting about as much wind generation as it can. | The' transmission system
‘generally from the Oklaunion MNWMWMWMaM to the
nManmnmmnwwmmmwmmﬁmmw

the 4,850 MW in the base case (although it should be noted that this amount Inclu
Aapproximately 1,500 MW of proxy wind ;memum for which there is nat signed interconnection
agreements).  This leads to the maln result of this study: that there i5 a need for more
cormdors that cross the divide of this inverted \ i.e., comdors that run generally from West
Texas tothe east and southeast, rather than northeast towards Fort Worth

It is also notewarthy that although the 345-kV system in East Texas is wel-developed, there are
several areas of significant load growth on the western side of this area that are nol served by
any 345-kV circuits, This is the case in the Hill Country, from northwest San Antonio to Killeen,
where significant lcad growth is currently projected to be served only by the existing 138-kV
system. Areas such as this can be good locations for end points for lines originating in the wind
generation zZones because they have sufficient load to absorb the cutput of new wind
generation. However, because there s no existing 345-kV infrastructure in these areas,
additional circuits must be planned so that the injection of wind energy does nol exceed the
capacity of the existing 138-kV system.

This study also shows that the existing congestion in the area from Oklaunion to the Parker
substation significantly imits additional power-flows in this area, even with the addition of new
circuits. Even with significant upgrades on the lines from Oklaunion to Parker, the system in
that area can only support 800 MW of new wind generation capacity. With an additional new
circuit from Oklaunion to north Dallas (terminating at the proposed West Krum substation)), only
an additional 1,000 MW of wind capacity can be supported (for a total of 1,800 MW). Because
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EROOT Competitve Renewable Energy Zones Sudy 12/1/2006

the existing system is being utilized near its limitations, ncremental additions in this area do not
provide significant amounts of additional transfer capability.

The exact opposite situation exists near the Guif Coast, where there is no existing wind
generation, so very few system improvements must be made in order to support the first
incremental amounts of wind. However, there are currently over 4,000 MW of wind generation
in the ERCOT interconnection queue in South Texas. |1 all of these projects are developed. the
total capacity would exceed the three levels of system upgrades that have been identified
during this study.

B. Economic Considerations

It is & common simplfication of open markets to assume that the consumer will eventually pay
for all resources required to supply a product. In the case of electricity, the consumer will
eventually pay for all of the resources required to produce and to transport the electricity. In
gther words, the consumer will pay for the capital to build the generator, the fugl to run the
generator and the transmission system designed to senve loads securely,

It is important to consider that the consumer will have to pay for the capital costs of wind
generation, in addition to the transmission costs that have been eslimated as part of this
analysis. The same can be said for all generation lechnologies. The comparison of the total
costs of wind energy to the total costs of ather technologies is beyond the scope of this study.
Quantifying the other benefits from renewable technologies, such as human health impacts
from reduced fossil-fuel emissions, increased fuel diversity, reduced reliance on natural gas
generation, impacts of reduced demand on related markets (such as natural gas and coal),
benefits from economic development, to name a few, are also beyond the scope of this study,
This study examines one asped of designating Competitive Renewable Energy Zones,
spedifically what are the most cost-effective solutions to improve the transmission system and
allow transportation of additional wind energy from high wind zones to customer load while
maintaining system security. The results provided in this document should not be viewed as
documenting all costs or all benefits to consumers asscciated with CREZ designations.

C. Impactof Wind Curtailment
_Defining the amount of new wind generation that can be added to the system, given a specific
tranismission solution, s contingent on the answer to the question of how mudy wind
curtailment is a_m': Unfortunately. wind curtailment is a complicated issue.

First and foremost, curtailment of energy to relieve transmission congestion can represent a
significant economic impact (o a wind project, since the owner of a wind project refies on

49



Final WWEC PEIS 977 November 2008

EROOT Competiive Renewable Energy Zones Sudy 12/1/2006

Annual Energy Curtailment (Percent) by Wind Unit
Red Creek 2000 MW Case
5% e
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Figure 120 Wind Energy Curtailment by Unit.

The established transmissicn planning process conducted by ERCOT System Planning through
the development of the Five-Year Plan will include an evaluation of all constraints on existing
wind generators. Economically feasible projects will be proposed to stakeholders and evaluated
through the Regional Flanning process, Remaining constraints that cannot be resolved through
the economic planning process may need to be reevaluated by the PUCT as part of future
iterations of the CREZ designation process

D. Additional Wind Added to the System

One of the most important assumptions used in this study is the amount and location of wind in
the base case. These 4,850 MW of "base~c /|1 i) * are comprised of wind units that are
currently In operation, wind projects thal'are under development and for which there s a
signed interconnection agreement, and a set of proxy unils, representinga small fraction of the
wind generation projects that are cumently in the ERCOT interconnection queue, Of these
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ERCOT Competitive Renewabie Energy Zones Study 12/1/2006

Vil. coNcLUsSIONS

This study of fransmission improvements to support additional wind capacity developed in
Competitive Renewable Energy Zones has been conducled o support the Public Utility
Commission of Texas in meeting the requirements of recently passed legislation. This study is
based on input assumptions from the Fve-Year Transmission Pan, and from a study of wind
generation potential from areas throughout the State of Texas conducted by ANS Truewind.
Detailed steady-state ransmission models and security constrained unit-commitment and’ unit-
dispatch models have been used to analyze the costs and benefits of a large number of
potential ransmission improvements.

The sudy indicates that there is significant potential for development of wind resources in
Texas. Thma are I:Llrl'EI'IW 258 MW of wind generation in-service in ERCOT and at least

: of w  Interconnection analysis. Much of that current
wind gﬂwratm development is in West Texas. &mmmmmm
network is fully utiized with respect to wind transfers from West Texas to the remainder of

':'mwr Thus, new bulk transi=sion lines are needed to support significant transfers of
ad'diﬁnna! wind generation in the West Texas anrea.

From a transmission planning perspective. there are four general areas of wind capacity
expansion:  the Guif Coast the McCamey area central-westem Texas and the Tevas
Panhandle, Transmission solutions for each of hese areas are described in this report. These
solutions represent incremental plans for each area and form the basis of transmission solutions
to support combinations of wind development between two of more areas.

Some commen projects will be needed to mitigate the impact of the new CREZ-elated
generation on existing wind generation. Even with these projedts, existing wind generation will
be more susceptible to curtallment due to remaining system consiraints because of its generally
higher shift factors on these constraints,

This study does not attempt to capture all of the benefils and costs associated with the
designation of CREZs, but focuses primarily on the direct costs and benefits refated to the
electric power systermn. In general, the produdion cost savings per kW of new wind generation
varies little between the different areas. The Coastal arsa has lower capacity factor sites than
the other areas but the wind output is somewhat more coincident with the ERCOT electrical
lcad. The Coastal area also requires the least transmission investment per MW of instalied new
wind capadty. The Panhandle area has more, high capadty factor resources. The fransmission
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Western Electricity Coordinating Council

2007 Power Supply Assessment
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Case #1- Summer Modeling Building Block Reserve Guideline
Resource Parameters Demand/Load Paramelers
 Existing Generation Included Firm Dremand Included
Class | Additions Included Mon-firm Demand Included |
Clags 2 Additions Excluded Reeserve Margin Building
Block
Outages and De-rates | Study Month July
Adverse Hydro Yig | Temperature Event Mo
Scheduled Maintenance Yes Transfer Capability Restricted

This case models the building Block reserve guideline formulated by the Loads and Resources
Subcommitteeas outlined in the building block planning reserve margin section of this report.
With the applicable building block guideline applied as a reserve margin requirement to ¢ach
zong, the power supply margin (se2 table below) is greater than or equal to zero for all zones
through 2008, Beginning in 2009, insufficient resource capacity and transmission in the south and
possibly the effect of a transmission constraint on exports from the Northwest cause four sub-
regions 1o bacome defieit. For example, the total deficit in the sub-regionsin 2009 is
approximately 2,300 MW and the deficit grows to approximately 3,600 MW in 2010.

MW by Sub-Repl r Case

Sub-region 008 2009 2010 2011 N2 13 2014 015 2la
Canada 2250 2,084 1,78l LABT 1246 o35 503 i -158
Horthwest 8.038 7615 7,303 6,864 6,413 5,830 5422 4,979 4,521
Basin ] [1] 0 -231 =537 -920  -1,248 -1,628  -1,849
Rockies ] -44 0 =154 =502 =851 =1,241 =1,653  -2.045
[Dezert W 0 944  -1,829 2956 4016 5042 6037 7001 -B065
Na.CA ] =26 0 -4B8 -984 -1 488 -1.970 -24B4  -3,084
S0, CAMY, 0 -1206 1714 2494 3341 4003 4002 A895 593
Surplus 10,288 9699 9064 8.351 T 6,765 6015 53201 -ﬁ,ﬁl
Deficit 0 23220 -3.543 -6322 9380 -12.3%4 15487 -18752 -22.135
"gunni and Defick zones e

Slﬁ-rqim 2008 2009 20010 2011 2012 2003 014 2015 2016

Canada 00 2:0:0  2:0:0  2:0:0 1:0:] [:0:1 1:0:1 1:0:1 1:0:1

MNortinwest 12:0 1:2:0 1:2:0 1:2:0  1:2:0 1:2:0 1:32:0 V:2:0 1:2:;0
Basin t4i0 O:d:d 0:d4:0 0:3:1 O:3:1 031 0:3:1 0 0:3:l Do2:2
Rockies :3:0 0:2:F 0:3:0 0:2:1 G;2:1 0:1:2 001:2 0:1:2 D:1:2
Desert SW i 0:3:3 0:3:3 0:3:3 0:3:3 0:3:3 0:3:3 0:3:3 0:3:3
Mo CA 4:0 0:3:1 040 0:3:] 0 Q:3:1 O0:3:2 0 032:2 0:2:2 022
S0, CAMX 400 1 i 1 : f:lsd 003 Q:l:3 0:0:3 0:1:3 0:1:3

The " count” table indicates that in 2009 one zone in the Rockies sub-region, three zones in the
Diesert Southwest sub-region, one zone in the northem California sub-region and one zone in the
southemn Californin/Mexico are deficit

20
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Wind Encrgy Resource Atlas of the United States harpefirrede.nrel. goviwind/pubs/atins'maps/chap2/2-04m.htm

SUMMER

Map 24 Summmer sevsw- e, July, Avgst

oot it i mmadion soe i [s it

At e meef. g

lofl 252008 802 Ph



Final WWEC

PEIS

Wind Speed Map
e o L

of New Mexico

986

November 2008

at 50 meters

[LRL1]
L]




Final WWEC PEIS 987 November 2008

PART 2: STATE BASE MAP SERIES
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ERCOT Competitive Renewable Energy Zones Study
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12/1/2006

v

Figure 3; Areas Enclosing the Best 4,000 MW in Each of the Wind Resource Zones
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hitp:/fwww,stanford.edu/group/efmh/winds/power_monthly/ama_po...

Powerand mean speed trends (by month)
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hutpe/fwww.stanford edw/group/efmh/'winds/power_monthly/ama_po...
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bt stanford edw/group/efimh/'winds/ama_ him|

Mean wind speeds and standard deviations

" Amarillo (TX) - Year 2000

18 25
15%’
%1: MRIT r = "_.2?
Vo i T 2
E 4!,,#.‘#”.% H 1 mﬂ.ﬁ
2
1] Q

02 46 810121416182022
—WE0)  —+—V10)

B VBOILS - ——V(BOWA10)
i Wi i =
- Amarillo (TX) - January 2000 : E Amarillo (TX) - February 2000 .
14 5= B "
- T Al =20 - = = 2
§12 |I\- - T l 1.53 E T. \'.._ ,f . =y
-;m q TILEE B g 315 -8 _.-‘I., 1,52
& W] il 7T ! AN LT T [ L
. - L1 10 = 1
B S ERLLATITTIRGT > || 2 ﬂ*,: >
s [ RITTLIIr ™ B MR o Gt ) § & ey £
D ---...-.....-...11ﬂ-1-r.---'vn‘ D rrrrrrrrrrrrrrrrrrrrrrr U
0 2 46 8 101214161820 22 02 4 68 1012141618 20 22
ViB0) e v(10) vigo) =10
® V(BO) LS. - - - V{BOW(10) B WEOJLS. - — —V{BOWL1O)
== Amarillo (TX) - March 2000 === Amarillo (TX) - April 2000
25 25 20
¥ 20 15— 2 0 e -]
:‘E" 15 \\'\ [} -"I'-'-_h 1515-‘ E" 16 = e 11 r I'-r :, LEE
. e . )
IE. ’\ IT‘-\V 'I"'?—"Fr LT !1'} T [ - ___._J = 1 i
_E 10 im 114 1 H:._.- P, I gr
L] B y:] Raias ™
5 5 otidetubd 1‘? N# 05 g 8  ; A 05
[ SERGNNINNG  I——— 8 b -0
02 46 8 101214161820 22 D2 4648 1012141618202
——W(g0)  —+—V(10) ——W(80)  —e—V(10)
B WE0) LS. - ——V(BOWI(10) V(80) LS. — ——V(BOJV(10)

lof3 2/14/2008 9:38 AM



Final WWEC PEIS

2ofl

997 November 2008
hitp:!fwww stanford edu/group/efmh/windsama him]
""""';“f‘ Amarillo(TX) -May 2000 == Amarillo (TX) - June 2000
- 11 2 £ L1 -
£ 5 —F s 2 154 : = 5
‘E i ML ITTTE T’T[""'“ 'I_ﬁE' ‘g % | [ Jr . g
o - . 1 & N T AT
p ac ORSNIREE-S (k- 4 >4 =
% 13 T 'L[ '11 T — as E 8 T y “. Qs
04+—T—Frrrrr T [¥] g+ rrrrrrrrrrrrerT (1]
0246810121416182022 0246811214612
— [ 80) —e—\{10} ——V(80) —+—V{10)
m A0y LS. = - = V{B0nv{10) m VBO)LS. —-——W(BOWW(10)
SR Amarillo (TX) - July 2000 S Amarillo (TX) - August 2000
20 T— LA 25 18 Tx 25
sk 1 2 2 1 ILLF L
v 14 44 2
"%'1; s it 15E || 512 P 152
1 = 1 e — I 1
E“m LU M A g 8 I A =
- g %‘\\I—Jx/i e g.g » . 4
E'L 3 ]
g 4[N HH R o= ; 4 A 105
2 2
(0 I o o B o s A o A AL [ B] L e S e T i)
0246810121W1B1802 0246 810121WEBIBDD
——WVi8D)  —e—W(10) ——ViB0)  —e—V{i0)
80)LS. - - - V(BOW(10 V(80) LS, —— —WEOM(10)
“=== Amarillo (TX) - September 2000 === Amarillo (TX) - October 2000
20 25 2
o 1. s I :
Ea T —F  &l[2 T e« f S
3 2 w3 NI [ e
g 19 TP =g AT R
s i ] F el g
; ;WWHF !11 1T 05 & ma lTl 1] + 05
L T o o T e T T o T o T s SR 4] Dt rrrrrrrrr T ETT o
024681012141618202 0246B811IZWBIBDR
——WV(80)  —e—\(I0) [—wigo)  —e—v(10)
VIBO)L.S. — ——V(BOM(10) V(BOJ LS. — — V{80 10)

2/14/2008 9:58 AM



Final WWEC PEIS 998 November 2008
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Mean wind speeds and standard deviations
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hipe!www stanford, edu/group/efimh/winds/can. im
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Supplying Baseload Power and Reduocing Transmission Requirements by
Interconnecting Wind Farms

CrisTa Lo ARCHER AND Magrk 7. Jaconsox
Department of Civil and Envirormenind Engracering, Sanfivrd Usiversily, Stomford, Californis

(Manuscripl reosived O July 2006, in fnal foem 6 Fehrsary 2007)

ABSTRALT

Wind fs the world's fastest growing cleeiric energy source, Aocame it i incemitient, thougls, wind is ne
wiid bo supply basclond dlectric power today, Tsercoanceting wind tsrms through the iransialssbon grid is
a singple and effective way af reducing deliverable wind power swngs cavised by wind incrmitency, As
mare farms are inesconnecied in s sy, wied speed corrclation among sites decreases and 30 does the
pechabdlivy thag all sites experienee the samse wind regime o the same timse, The areay, corsequently behaves
mane asd meare similarly 0w sngle fanm with stesdy wind speed and thus steady deliverable wind power,
[n this study, benefs of ntereramecting wind farms were evabastad for 19 sines, bocated @ the médwestern
Lluited Siates, with apneal sverage wind specds sl & m obove groumsd, the hub height of modern wind
turhines, greater than 6.% m s " felasa 3 or greater). it was foand thay 2n averapge of 33% and a maxumum
al 47% o yearly averaged wind powes fram interconmected larms can be used as relinble, baseload clectnic
pvwer. Fgually significant, interconmecting multiple wind fasms to o comnson point and then conneciing
thad point to a (ar-away city can allow the bng-disiance pomtion of transmission capacity o be reduced., for
cxample, by 20% with only a 1L&% loss of emergy. Although mest parameters, siuch s mtermitlency,
imprivved less than linearly as the nsmber of interconnected sites increased, oo saturation «of the beeelics
wis foumid. Thus, the benefils of interconnection comtinue o morease with more and more inlerconmected
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siles,

L Introduction

Stabilizing global climate, reducing air pollution, anti
addressing energy shortages will require a change in the
current energy infrastructure, One method to address
these problems is 1o initiate a large-scale wind cnergy
program, The world's electric power demand of [.6-1.8
TW (International Energy Agency 2003 Energy Infor-
manion Administration 2004) could, for example, theo-
retically be satisfied with approximately 890 000 cur-
renily manuiactured 5-MW wirbines with 126-m diam-
cler blades placed in vearly averaged wind speeds at
hubr height of 83 ms ® or faster. assuming a 10% loss
from energy conversions and transmission (derived
Trom Jacobson and Masters 2001 ; Masiers 2004). This
number is only T-8 times the wial sumber of much
amaller muribvines currently installed worldwide. The off-

Carrespeanding araior address: Cristina | Archer. Depariment
of Global Ecology. Camegie Institnte of Washingron, 360 Fanama
81, Stsmford, CA MU,

Fo-muil: loeej@stnnfordede

DO ML TS R00TIARMCIS3E.)

shore avernpe wind speed al 80 m s 86 me 7, and
sulficient winds =68 ms ' at 80 m may be available
over land and near shores (o supply all electric power
needs 35 times over and all energy needs 5 times over
(Archer and Tacobson 2KIS),

However, a well known barrier 1o large-scale imple-
mentation of wind power is the intermiticocy of winds,
Over a time [rame of a few minutes, it is possible o
experience sudden changes in wind speed, such as gusis
or lulls. The prediciability of wind in the shori-term is
alill low, and. even with claborate forecasting tools, i1 is
often difficuli 1o beat persistency (Gichel 20053; Ahl-
strom et al, 2005), The intermittency of wind is directly
transmmitted into wind power, which dramatically re-
duces tire marketing value of wind (Milligan and Porter
2005). O 1he other hand, because coal combustion can
be controlled, coal energy is trot considered inermir-
tent and is often used as “hascload” energy. Neverthe-
lesz, because coal plans were shut down for scheduled
miintenanee 6.5% of the year and unscheduled main-
tenance of forced outage for another 6% of the year on
average in the [nited States from 2000 to 2004, coal

L 2007 American Meteorological Sociely 170
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energy [rom a given plant & puarantecd only 87.5% of
the vear. with a typical range of 70%-92% (Monh
Ammerican Flectoe Reliability Conncil 2008; Giebel
20110,

A sulution to impreve wind powsr telisbility is inter-,
connected wind power, In other words, by linking mul-
tiple wind farmns togerher @ is possible 1o improve sub-
stantially the overall perlonmance of the imerconiected
system (Le., arvay) when compared with that of wey
individisal wind farr. The ides & vhar, while wind speed
cowld be cabm a1 a given location. it will be nancalm
somywhere clse in the aggregale areay.,

This idea is mot vew. "The first comgplete study abow
the cilect of geographically dispersed wind powsr gen-
eration was done by Kaho (1977), who analyzed reli-
ahility, availahility, and effective load careying capabil-
ity [ELCC; see Milligan and Porier (2005) for a roview
of ELCC] of arrays of different sizes in Calilormia, vary-
ing from 2 to 13 connected sitex. He fonnd that mast
paramaelers (such as correlation and availability al low
windd speeds) improved as the siee of the armay in-
creased. Archer and Jacobson (303, 2004) found that
the dreguency of zere- and low-wind events over a net-
work of wight sites i the contral United States was loss
than 2% at 80in hub height, Sinomsen and Steveos
(2004} compared wind power outpad from individual
wind farms with that from an army of 25 sites in the
central United States and covchaded tha varability in
cnergy production was tedueced by a factor of 17534
They slzo found thst the combined enctgy cutput from
Sem bk beight, 660-EW wrbines in the 25-site amay,
hiad & smoother divrnal partern and o relative mastdmum
i the afternoon: during the peak lime of clocinicily
demand. Crisch anti Ernsg (2000} showed thal & net-
work of wind farms over pans of Ewrope and Northern
Africa could sopply abou 70% of the emire Euwropean
elecuricity demand, In Spain, gne of the leadiog coun-
tries for wind power production [American Wind En-
ey Asociation 2004, Coergy [oformation Adminis-
tration 2HM), the combined gutput of 81% of the na-
tions wind farms is remarkably smooth. and sudden
wind power swings are climinated (Red Eléetrica de
Espaiia real-tise data are available online at upey
wwew. e esfappsfi-index_disamico.aspTmeno—Anghes/
i-cap07i-menu_sis.him& principal =fapps._colica/
curvasting.aspl.

The benefits of intgreonnected wind power are
greater [or larger caichmieni areas, Statistical corrcla-
tion among stations is the key factor in understanding
why. In fact. weather conditions may not vary owver
smiall arcas. cspecially over hovizonially uniform ter-
rain. This would be reflected in a high corrclation
among ncarby faom paivs, However, as distance be

JOURNAL OF ATPPLIEDT METEOROLOGY AND CLIMATOLOGY
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tween furms or terrain variability increases, the cotre
ten among farms becomes smaller. Kaha (1979)
[ound that the average correllion between sile pairs
decreased from 049 o 0.25 as the number of faoms
connecied was increased [rom 2 to 13, Elowever, Lhe
marginal benefits decreased as well, For examiple, by
doubling the awmber of aics connected together, the
availability at low wind speeds maproved by ooly
~14%. Whether oF mul a sere correlation can gveoly
ally be reached is still an open guestion, Ealin (19749
suppested that swtistieal correlation of wind speed
never disappears entirely, This effzer will be hercinaiicr
referred to as the “saturation”™ of the henefits. to i
cate that, at seme point, ne jncremcental benefits are
found im increasing the array size,

Kahn {1979 also analyred the capacity credit for
such arrave, defined as the ~amount of conventioaal
capacity which can be displaced by wind generslivn.™
He foundi thar. for a fixed ELCC, the capacity credit of
Iarger amrays increased less than linearly with the oum-
ber of sites. This offect can be interpreted as “dimin-
ishing Teturns to implementing stulc-wide pooling of
the wind resouree.” Note that of the 13 sites analysed,
only 4 were in class 3 or higher at 6 m. Assuch, it is pot
surprising that the addition of "dow™ sites to the array
did not improve its overall performance,

The issue of wind integration in the power system has
been receiving more attention recendy {Ackermann
5 DeMeo e al. 20K15; Prwko et al. 2005 Zavadil ¢t
al. 2005), Most studics psumed a low (10% or less)
peactration of wind power {expressed as ratio of nume-
ate wind generation over peak load) and treated the
output of farms as negative load (Powko e gl 2005
DeMew of al. 2008), Only a few couirizes in Burope
have high (200% or more) wind pescirations (Erikszo ot
al. 2008 Devmark (49%), Germany (2%}, anti Spain
(22%]). High peoctrativas of wind power withoul re-
ductions jo system stabvility can only be achieved with
turbrinegs equipped with fault ride-through capability
(Eriksen et al. 3005). Mo stady 1o date hits examined the
ability of intereonnested wind {ams o provide guar-
antced (or bascload) power. Only a few studics have
looked at reduckng transmission roguirements by ner-
comnecting wind farms. Romaoowitz (2005) reported
thit an addivional 100 MW of wind power conid be
added 10 the Tehachapi grid in California withow in-
creasing the transmission capacity. Maievosyan (2005)
showed thal. in arcas with limited transmission capac-
ity: curtailing {or "spilling”} a small percent of the
power produced by interconnecicd wind fanns could be
effective, This study examines both issues in detadl, ¥
does not, however, exanune the ability of wind tomatch
peaks in energy demand. Tt assumes thal wind can pro-
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vide a portion of bascload enerpy. and that peaking
energy would be provided by other sowrces.

1, Interconnecied wind power
. Method

Wind speed data from the National Climatic Data
Cenater (2004) and former Foreeast Systems Laboratory
(2004}, now the Global Systems Division of the Earth
System Research Laboratory, for 2000 were wsed 1o
evaluate the cffects of connecting wind farms. More
details on the dmaset can be found in Archer and Ja-
cobson (2005). Hlourly and daily averaged wind speed
mensurements were available from surface stations at 4
standard elevation of ~ 10 m above the ground (VI
hereinafter). Observed vertical profiles or wind speed
were available at sounding stations, generally 2 times
prer day (000G and 1200 UTC), This study wtilized the
least squares (L8) method to obtain relevant stanistics
of wind speed at 80 m (VB0 hereinafier), the hub height
of modern wind turbines, The reader is referred 1o Ar-
cher and Jacobson (2003, 2004, 2008) for details of the
miethead, which will be further validated in the next see-
tion.

To determine wind power output from connected
wind farms, the benchmark torbine selected was the
GE 1.5 MW with 77-m blade diamcter at 8-m hub
height. Manafacturer data were provided only at one
ms b imervals of hub height wind speed (General
Eleetric 2004, It wis necessary therefore o determine
an approgriate corve that would provide power output
P for any value of wind speed 18, Several multiparam-
eter curves were tned out. including third-order poly-
nomial, sinusoidal, and linear. The besi curve was
found 1o be a combination of two third-order polyno-
mials:

0 Vot Vo
Prowet ¥1 Viia = V= l,er

P Pl SV, s in
Py V=¥V,
1] V= Viax

where P is the rated power of the (urbine (1500
EW) an the rated wind speed Vo (12 ms %) Vo
(Vo) B8 thi spead below (above) which no power can
e produced (3 and 25 ni &7 respectively). V., is the
specd above (helow) which the P (P ) formula-
tion is imposed (i.c., where the concavity of the power
curve changes sign). and P and Py are the third-
order polynomials that pass through the upper and
lower points of the GE L5-MW power curve, respec-
tively:

P

= gV bV gV + 4, = upper, lower,  (2)

1008
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Wind speed {ni's)
Fu. L Fitling curves for the GE L5-MW wrbine

Valucs of the fitting cocfiicients arc reported in Fig. 1.
Third-order polynomials were preferred over higher-
order curves because of the theoretieal dependence of
wind power on the third power of wind specd.

Mext, the selection of appropriate locations (o con-
nect s discussed. From Archer and Jacobson (3003},
the central United States was identificd as a favorable
arca for locating and connecting wind farms. Also. I,
cations with mean annwal 304m wind speed > 6.9 m o
{i.e.. s class 3 or higher) were recommended, As such,
this study focused on the area shown in Fig. 2,

The LS method was first applied to daily averages of
W10 st all surface stations in the arca to obtain the
spanal distobution of yearly average VED (hourly data
will be uscd next). 1.8 parameters were caleulated from
ithe sounding stations 2 times per day, at 0000 and 1200
UTC, corresponding to G500 1700 LST, for the entire
vear 2000, Figure 2 shows annual averages off VB0 at
sites favorable for harmessing wind power (in class 3 or
higher) in the region. The stations selected for the rest
of this analysis are listed in Table 1 and marked with
their acronyms in Fig. 2 The selection proceeded B
enlarging the area arcund Dodpe City, Kaosas. the site
selecied as vepresentative of a simgle fanm,

To determing the differences in power outpul for
indivigheal versus connected wind sites, howrly observed
10-m wind speeds were wsed to cabeulate the lwourly
evolution of VB0 via the so-called shear function, de-
seribecl later in scction 2k Last, the hourly power oul-
pul at cach station was calcalated with Eq. (1) and
averaped over N stations, where N was either 13,7 11
15, or 19, Sites (hat had missing data at a given hour
were nofl counted in the average for that hour, The
frequency of missing data was surprisingly kirge, aboul
10%. Given a pool of 19 sites and an array size of K
{where & — 1, 3, 7. 11, 15, or 19). the number of pos-
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sible combinations af sites that can be inclucds
(Table 2). For example, there are 30 388 posdible ¢
binations of seven sites among the 19 of interest, The
“base case for this study is based solely on geographi-
in Table 1, Unless

o of sites for

proximity, and it i descril

erwise dated, all '|'\I'|'\1\i|l||.' cortbar

each array size are evaluated in the rest of this stady,

b, Resuli

The unalysis indicated that the reliability of intercon-
nected wind systems increased with the number of
farms, Reliability in this context is defined interms of a
“gencration duration curve,” also known as a “duration
curve™ ["ng:'ﬂﬂ el ol 2004: Hedttinen and Hirvonen
2005), which is analogous to the load duration curve
used for electricity demand, All hours in a vear (ie.,

wind porwver magnilude, and the corresponding power is
plotted as i decreasing curve, The generalion curve can

also be imerpreted as a “reversed”™ cumulative prob

ahility dissribution, in which cach point on ihe v axis

presents the probability (in terms of number of ha e

aqual 1o

in @ year) of wind power production greater or
the corresponding ¥ valae on the curve, The

reversed was used because a traditional cun
sility distribuiion B monotonically inci
it shows the probability of the variable bei
or rqu.tl 1o The value on the curve,

Fij
T-. and 1'%-site base-casc arrays. For the figure. all hours
in a vear. less 2% of randomly sclected hours where
wind turbines were assumed to be down because of
unplanned maintenance, were rearmanged based on de
|,"r|:._|-‘i||!; wind power n::ly_l:ill,ul-.: per hour i'-|:|.'
ity, cach site s considered to have a single GE | 500-k'W
turhine (General Electric HIH:], and each eurve shows
the wind power output per turbine. averaged over all
siles in the array. 1o the seven-site array, Gr example,
each paint shows the 1otal power '|1ri'-dl.|-.\.'-.| h}' the ar ray
divided tl}' thr mumber of siles I::T\#I'{,'.Jt al maost) wath

vure 3 shows generation duration curves for the -,

w1111
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Tanir 1. List of gclected sites and their propertics
(I} mscans wlentifier).
Yearly Power  Mooof gles
(&} Mame State VED class in arvayis)
DDC Dodge Cay K5 B3 kS LAT LIS 1
GUK Garden City k% R1 5 LA s
REL Rl K5 &2 5 LA IR
LEL Libaral K5 79 4 AL 1y
GAG  Cage Ok 18 4 111,15, 19
T Wichila K5 14 4 AL U5 19
AALE Wichita-Col, K5 1 4 700, 05,19
Jabar
GLD  Goodlasd K5 RO 4 1, 1509
Renner
EMP  Empaoria K5 Al 4 1,15, 1%
CAQ  Claiom WM T8 4 1L 15 1%
8 Clmtan Ok 82 5 10, 1510
AMA  Amarille = 84 5 15,19
ORC Oklaboms 0K 4 k] 1519
iy
HER  Hoban Ok EA| i 1519
PYWA Okbabioms WK Th 4 15,19
Ciy
roRr Frederick OK 7.5 3 B
PR Wichita Falls  TX TE 4 1%
OOl Clings Cormer WM &2 5 19
GDF  Pine Springs ™ .7 7 1]

available data at that flowr. Because of missing values,
none of ke three curves had valid data lor all 8760 h,
bhut cach eurse had a different number of valid hours.
As such, for example, the 92% probability line corve-
sponds 1o a slightly different number of hours for cach
arTay size,

“Firm capacity” is the fraction of installed wind ca-
paciey that is online at the same probability as that of a
enal-fired power plant, On average. coal plants are free
froma unscheduled of scheduled maintenance lor 79%.—
2% of the year, aver-aging 87.5% in the United Sues
Troer 2000 1o 2004 (Giebel 2000; Nonh American Elec-
tric Reliabilny Council 2005), Figure 3 shows (hat,
while the guaranteed power gencrated by a single wind
farm for 92% of the hours of the year was 0 kW, the
power guarantced by T and 19 interconnected farms
was G anad 171 kW, giving firm capacities of (UM and
N1 respectively. Furthermaore. 19 interconnected wind
furms guarantesd 222 kW of power (firm capacity of
0L15) for. 87.5% of the year, the some percent of the
vear that an average coal plani in the United States
guarantees pawer. Last, |9 farms guaranteed 312 kW of
power far T9% of the year, 4 times the guaraniesd
power generaled by one farm for 79% of the year.

Capacity factor is the fraction of the rated power (or
mpximum capacity) actually produced in a year. The
capacily facior of the 19-site array was ~(L45. corre-

Taner 2. Satistics of inberconmected wind power foom aggrepate aftays a3 function aof the namber of sites inchaded. Values olqained with the sbaslute value of A in Bg. (7) are
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Fee. 4. Generabion dusaizes rves fof aic-dase ammay conllige-
ratians mnghe-, 7-, and 1%ate asrave, Each pavnt on the x axis
represents the percend al houss in @ year that wind power pro-
ducisom i greater thas o egual (o ke comeapanding power (v
axia) o the curve, The area helow (he genermion ourve repre-
semis the iolal energy (E'Wh) produced in & year by the army.
Shaded arcas are described in the text. The thatehed sress are the
emergy lost (98% and 6% if the size of iransmission hines is
reduced from 1500 1o 1200 kW for the 1+ and 19.site amays, re

spectively.

sponding toa yearly power of <670 kK'W (Table 2). The
resulting ratio of the gusranteed power produced i
70% rejiability 1o the vearly power produced by the
19-gite array was 312 KW/ETD kW or - 47%, Thus, the
firm power produced for 79% of the year by a [9-sie
array was almost hall of the aclual power produced in
the year or 31% of the maxinum possible power pro-
duced. At the 12.5% outage rate lor coal. the gnaran-
teed power produced was 222 EWIGETD KW or --13%, of
the yearly power produced.

Although the I-site array had more hours of power
production at the rated power than did an average of
the 19-site array (149 vs 9), the 19-site array had fewer
hours with no power (5 vs 170) and more overall hours
with low power production than did the |-site array
{Fig. 3} Similar findings were shoan by Holttinen and
Hirvonen (2005) for it single urbine, an array covering
western Denmark. and a hypothetical array covering
four nerthern countries in Eurepe, The arca below the
generation curve represents the total energy (kK'Wh)
procluces ini a year by the armay, For -38% of the
howrs, Irss energy was produced, averaged over 19
farms, than for an individual farm (deficit denoted by
the ™ mark). However, this lower average produc-
tion was made wp for by higher average production Lo
the 19 sites over the remaining 62% of the hours {(sur-
plus denoted by the = ™ mark).

Given an array of size K, there is 8 large number of
pessible combinations of K sites among 19 (Table 2).-
All possible combinations were analyeed in this study.
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(@) Wind Speed Statistics for Arrays

14
- — MeanWind Spoed
Wird Standard Deistion
10 ]_
£ s 1 : i -
ol
4
2 S —————— L
0 5 10 15 1]
M of Connected Sites
(b} Wind Power Statisties for Arrays
1000
200" = Mean'Wind Power
s = Power Standard Desdaion
z ol A 1 I £
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M of Connected Sites

Fict, 4, (a) Wind spocd and {b) wind power statlstics for imer-
conaectod arrays 35 & fumction of number of comnected sites, The
bars imdicate the range of valaes obtained from all posable ¢om-
binaticas of the given sumber of conscaed dies,

To facilitate the comparison, however, only the average
of ail combinations for cach array size and for each
parametcr are shown in Table 2. For example. the total
cnergy produced in a year by all possble seven-site
arrays varicd between 32 529 (worst, combination ) and
39478 MWh (best combination): the average from all
30 388 combinations was 36 326 MWh, the value shoan
in Table 2. Similarly, the figures show the averages of
all combinations a% 4 function af the number of inter-
connected sites, and the range af values from all com-
hinations is shown by the bars.

Al parameters that depended lncary on the sites
values, such as array-average wind speed. power, total
energy. and capacity factor, were unchanged wheiber
of. not the sites were interconnected, its expected (Talle
2). Nonlinear parameters, such as wind speed standard
deviation, firm capacity, and reserve requirements,
showed large improvements. For example. the standard
deviations of array-average wind speed and power
monotonically decreased (Table 2: Fig. 4). Also. the
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symmelr the number of st
ineluded in the network inereased (Fig. 3). This & con-

sistent with previous (indings by Archer and Jacobson

NS

1) 19 s

(2003) and indicates that the array wind speed distri-
bution is closer lo Gaussian than it is to Rayleigh, As
such. the more sites that are interconnected, the more
the array resembles a single farm with steady winds.
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Wind Speed vs. COV of Wind Speed
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Fii, &, Stasalard deviavioes and coefficients of varisison

Sceond. it appears that marginal benefins decremse
with an increase in the number of farms, In other
words, even though all nonlinear parameters improved
as the number of farms went up, the incrememal ben-
efit of ndding new stations kept decreasing. This is con-
sistent with both commaon sense and Kahn (1979). Fi-
ure $ shows that wind speed and wind power standard
deviations decreased less than linearly with an inereas-
ing number of sites, Mote. however. that no saturation
of the benefits wad found, or. in other words, an im-
provement was obtained, even il small. for® every addi-
tion Lo the array siee.

Third, the optimal configuration was nol necessarily
the o with the highest number of sites, Figure db
shows that some eombinations of seven sites (e.g. point
A in the figure) procheced higher array-average wind
power than some other combinations of 11 sites (e.g.,
paint B), The saint: applied 1w all other statistics. How-
ewer, 50 long as maore sites were added to o given array
in such a way thar the area covered became increasingly
larger [as in the bag: case), stalistical correlation
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of wizd speed ad wind power af the 19 gites sclecied

amoag the sites decreased and so did standard devia-
tioms {Table 2 and Fig. 4), thus improving areay reli-
abaliny and performance. Note that array-average wind
speed and power may beecome lower for increasingly
larger areas ¥ sites in lower wind power class arc added
to the initial pool.

Is there a trade-off between wind speed and inter
mittency? Simonsen and Stevens (2004) fousc 1 thal, as
single-site wind speed increases. 2o docs the rtio be-
tween single-site wind speed standard deviation and
standard deviatton of array-average wind seaed (lin-
carly}. An incorrect imerpretation of this finding would
be that, as average wind speed increases, so does infer
mittency. While it is true that wind power (speed) stan-
dard deviation increases as wind power (speed) in
crenbtg (Figs. 6ab), this is not indicative of mcreased
intermittency. One should not look st standard devia-
tion per ¢, bul at standand deviation and nrean wind
spead topether Io evaloate intermittency, A better pa-
rameter to look at is the ratio of standard deviation
over the mean. This mtio, known as “coelficien ol
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varktion™ (COV), bebaved differently for wind speed
versus wind power. For wind speed (Fig. 6¢), the OOV
1 approximately independem of wind speed, which
sugnests that wind speed standard deviation is approxi-
mately a constant percent of mean 1 specd; conse-
quently, imerminency is 100 increased at higher aver-
age wind spead sites but @ is almosi constant. COV of
windd power, on the other hand, lincarly decreased lor
increasing array-average wind power (Fig. fd], with a
high correlation cocfficicnt (—0.97). This also suggests
that wind power intermittency is aciually reduced an
sites belonging to higher wind power classes, and thus §
is more advanmageous o select siles with high year-
mean wind speed, a finding consistent with Archer and
Jacobson (2003). This is due 1o the fact that since wind
power i constant for wind speeds greater than the
rated wind speed, less variation is introduced at high
wind speeds.

Further details can be found by looking at cuomulative
freguency  distribuiions of wind array-average wind
speed (Fig, 7o), What is desirable 15 a curve that has
small irequencies of low wind speeds and that rapidly
renches its maximum of ene, The transition from one to
three sites brings litbe improvement, i s a large
benefit at both low and high wind speeds is reached
with the seven-site configuration, The addition of 3. 8,
and 11 sites (10 a total ot 11, 15, and 19) does not
imgprove substantially the array performance a1 high
winnd speeds, but it improves that at low speeds, espe-
cially with the 19-site army.

Which sites should one select. given the large number
al possible combinations? Tt depends on the objective:
muimimiization o costs, minimization of load swings dur-
ing peak hours, maximum reliability overall, and maxi-
mum average wind power are among them. Note that
geographic proximity was the only factor for the base
case. Milligan and Artig (1998) used a production cost/
reliability model o compare several indicators o find
the most reliable site configuration {nmong six Minne-
sota sites), including lowest less-of-lond expectation
(LOLE) and lowest expected energy nol served (ENS).
in hoth a deterministic and o “fuwey logic™ approach.,
They found that the fusy method applied 1w ENS was
the most robust measure of system reliability and that
the optimal configuration was one with only foar out of
six sites. Milligan and Artig (1999} fucther applicd this
technigue o a multivear datasel and found that inter-
annual variability had air impact on the selection of the
best sites, In general, it i preferable w connect sies
that can provide more reliability, even with lower av-
crage wind speed. than vice versa, Figure 5 shows that,
as the number of connected sites increased, the behav-
ior of the array resembled more and more that of » site
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Cumulative frequency distributicn of mean wind
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Fis, 7. {a) Cusnlarive trgqeency dsiribaton amd (b) wind
pewer curve [MW) as 3 fusction of wind speed (m s "), obeained
afier an array aversge,

with steady but not necessarily strong wind speed.
Large arrays did pot provide more power at high
speeds, but rather mare power at low speeds, when
compared with smaller arrays (Fig. Tb), Note bow the
array-averaged power curve did not reach asymptoti-
cally the rated power of the individual turbine. 11 fact.
since no power can he produced when the wind is too
strong (i.e.. shove 25 m g "), fewer sites contributed 1o
the total army power when the array-average wind
speed wis lorpe (e, above V., 12ms ")

As wind speed standard deviation decreases for
larger arrays, reserve requirements are reduced when
compared with each individual farm and with the sum
of all farms if they were nor connected, The latter con-
figuration will be referred 1o as "linear sum."™ An exact
expression for the reserve requirements would be hard
to oblain, as it is a lanction of the clectricity bidding
prices on the market, the forecast load and winds, and

November 2008



Final WWEC PEIS

1015

1710k

100,020

B

H o ponneaied sites

Fuz, B, Resorve requirements in a year (MW for the base-
array aedl far the mo-armay cases (siles i they were not inbendon-
necicd) Toial emergy (MWh) produced by the array is a your is
alsn showm,

the exzct type of backup system., A simple assumption
i the persistency model, that is, at each hour b, the bas:
arrny commits 1o prosducing the same power supplied
the previous hour i = 1, Other energy sources provide
penking capacity during the year. The advamage of its
relatively simple formulation is that reserve require-
ments of interconnected arrays can be calculated casily.

Results are summarized in Fig. 8, For the single-site
configuration only, reserve requirements coincided for
the array and the livear-sum cases (by definition). As
mare sites were injerconnected. the array bad substan-
tially lower reserve requirements than the linear sum.
For example, for- the three-site configuration. average
reserve energy per site decreased from 2103 w0 1713
MWh a vear (i.c.. 19% reduction)) when compared with
the single-site ease. The greatest benefit was for the
largesr arvay, it an - 60% decrease in reserve re-
quircments when compared with the linear sum of 19
sites {Table 2) and an = 47% decrease when compared
wilh the single-site case, As array size increased, re-
serve requirements represented o decreasing fraction of
the total cnergy produced (Fig, B). For the three-site
comfiguration, 5138 MWh were necded as reserve in a
year, corresponding 1o ~-33% of the tdal encrgy pro-
duction {15 438 MWh per year ). for the 11-site configa-
ration. this fraction was slightly lower than 25% and for
the 0.4t ArTHY i weas =219,

A linal benefit of interconnecting wind funms is that
it can allow long-distance transmission from a cormmaon
point, where several farms are connected. o a high-
lond area (o be reduced with little loss of transmitted
power, Suppose we want 1o bring power from ¥ inde-
pendent farms (each with a maximum capacity of, say,
L1500 kW), from the Midwest 1o California. Each faom
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would need a shorl transmission lioe of 1500 kW
brought to a common point in the Midwest. Between
the common poiot and California, the size of the trns-
mission line would pormially need to be N X 1500 kW,
However, because geographically disperse farms cause
slow winds in some locations to cancel (st winds in
olhers. the long-distance transmission line could be re-
duced by 20% (to N . 1200 KW) with calvy smiall loss
(2% with N - 19) in overall delivered powes (Fig. 30
With only one farm, a 20% reduction in long-distance
transmission would decrense delivered power by 9.8%.,
Thus. the more wind farms connected o the commaon
poind in the Midwest, the greater the reduction in long:
distance ransmission capacity possible with linle boss in
delivered power. Because of the high cost of long-
distance transmission. 8 M% reduction in ransmission
capacity with Livle delivered power loss would reduce
the eost of wind energy.

3, Validation

The LS method was evalosted againsi observed data
fram the Kennedy Space Center (KSC) tower network
{Fig. 9}, deseribed in detail in Archer and Jacobson
{20065). The wind specd data used so far were retricved
al a relference height fI™FF = 10 m and were extrapo-
Tated to 2 hub height 5™ - 80 m, thus the notation
V10 and V30 for the refercnce and the b height wind
speeds. However, the LS method can be applied 1o an)
paired reference and hub beights, Furthermore, the
KSC data were retrieved a variable heights (Tablc 3).
Therefore. the notation V& and V'™ will be nsed in
the rest of this section.

The validution will focus on two aspects of the 1.5
method. The first one is the potential error introduced
when daily averages of V*'7 arc used in combination
with 2-times-per-day sounding profiles, as opposed 1o
mare frequent and simublaneous surface and sounding
profiles, This step is relevant for optimal wind farm
siting wheo only daily averages of V™' arc available.
Trn this rather common case. i is important 1o koow
whether (and how much) LS resulls could be bipsed
The second aspect is the formubation of the hourly eve
hution of V"' given ohserved hourly VAT, Both as-
pects will be examined in the next two sections,

i Error in wving daily average

As discussed in Archer and Jacobson (2005), the LS
method should be applicd with simultancous sounding
and surfice data. In other words, for cach given hour.
the LS parameters should be determined from the
soundings and then applicd to the value of VEEF a1 the
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T % Location of suunding stations andd lowers near the kA0,

surface Atation. valid at the same hour as the soundings.
The daily average of V' ag the sarface station should
then be caleulated from bourly values as Follows:

4 £

— i 1 1 oy
l'"_.-:: ] I4x E--;'_———-)( EFL.&;”’E”}]

Eo1 g

(3}

where [, 5 the 1.5 function [as in Archer and Jacob-
son (2005)] at sounding station & for hour &, VE'" s the
hourly average of V&5 ar the surfoce station, and
VU i the daily average of ¥ " the surface station
as determined from howrly valwes,

However. neither sounding nor surface data are
available on an hourly basis for all locations. Daily av-
erages of wind speeds al the surface stations and
2times-per-day sounding profiles are often the only
available data. For tho typical case of two sounding
profiles (at 0000 and 1300 UTC), the estimate of the

daily sverage wind speed at hub height based on daily
average reference height wind speed VE™ was there-
fore

'P':l"“ -—L.—I *
;’. R
[ SR M’E?}LEM‘”F}] )
el z o

where Lo, and L, are caloulated at 0000 and 1200
UTC. respectively, from each sounding, station k.

Archer and Jacobson (2005) used data from the KSC
network Lo conclude that Eq. (4) was an acceplable
{and conservative) approsimation for Eq. (3), In this
study, the same datasel is wsed o evaluate furtber the
cxtent of the ervor introduced in Eq, (47 and the de-
pendence of such error il the time zone of the stations
af interest,
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Tamie X List of the Kennedy Space Center towars and lovele. The refonence and tlse lub heights are indicated with “nel™ and
“heh.” respectively.

Tomer 0¥ Mo of kevels
LEn (AN 4 Lo (rel)
& =3) 16 frel)
el (AN} 4 16 (ref)
M= 3] 16 (rell
01 4 (rel) ]
D062 4 (rel) L]
11 4 (ref) 13
11 4 [ref) 1
un {Adly 4 1 (relh
N=213) B rel}
a2 {AlLy 4 16 {ref)
iN=3) t (et
[LLl] 4 (ret) 1 {hudh)
s 4 (rel) 16 {hiuk)
miz 4 {rel) 16 (huh)
a0zl 4 (rafy 1 (huh)
LT 4 [ref) 16 {hush)
LIETN] 4 rel) 16 (huh)
IR 4 [ral) 16 (hish)
12 4 {raly 16 {hish)
HI15 4 {rely I (hub)
5 4 [ecl} 5 (i)
ISR 4 {ref) 16 {huby)
a7+ 4 {rel} B {hish)
B3 4 {rel)y Lts {huk
15 4 {ref) 13 [l

Following Archer and Jacobsam (20005), the KSC
wowers are divided into two categories: four-level Low-
ers, with wind speed sensors at four or more heights,
and iwo-level lowers, with sensors ol only o heighes,
The cight Tour-level towers (Table 3) can be wsed as
surrogates for sounding stations because LS paramieters
can be determined only if wind data are available at
least for three heights. They will be referved 1o as “sur-
ropate soundings.™ At these wowers, M apd HU
were chosen 0 as 10 mimic the typical sounding pro-
files, for which 8= is the lowest available height and
o heights are typically available above 8™ Ax the
same time, # was preferable to have H™™® ag close as
paossible at all cight towers 1w make easicr the compari
son among them. Because of this requirement, different
towers have different pairs of HREF- MY b all have
B - 50w, Also, M was preferably = 10 m. For
an evaluation of the L5 method at these cight surrogate
sounding towers. refer o Archer and Tacobson (2005,
their Tahle 7), which showed that the avernge error was
approximately - 3%, The 14 two-level towers can be
treated as surface stations (“swrrogate surface™) At
these surrogate surface lowers, the average cImor was

198% (Archer and Jacobson 3005, their Table 8)
The following analysis will focus on these 14 towers. for
all of which ™ & mand H"VR = |6 m,

Lol ()

&7 44 (Bub) 62

27 4 (Bul) a2

27 H (buk) [

Fx 44 (hub) 2
41 (huh) a2
A0 (huh) L]
10 fhuh) a
44 (huh) i
4% (hut) i o) it} 150
49 (huh) [ 150
49 (huh) B2 o (i} 150
49 (huh) [+ 150

Given the time zone of the KSC network (ie, 5
from UTC), the 0000 and 1200 UTC hoars correspond
1o 1900 and 0700 18T, respectively. 1.8 paramercers
were thie cabeulated an 0700 and 19K LST from the
surtogate soundings and wsed al the surrogate surface
stations. Results are summarized in Table 4. Note that
the values in Table 4 differ from those in Table 8 of
Archer and Jacobson (2005) becanse the later were
obtained from five real sounding profiles retricved in
Florida, and nor from the surrogate sounding lowers, as
done here.

Equation (3} appears to be a good cstimator of
VIR ag the average observed VTP yas 334 ms !
and the average caleulated VEY® from hourly vahses
was 3048 ms L. For each individual station, VI was
conservative al all stations excepl for towers 012, 0211
0403, and 0506, with the worst overestimale being
H2% at tower 0403, Note that towers 0112 and G211
are collocated.

By using daily averages in combination with 2-limes-
per-day L8 parameters determined from surrogate
soundings (i.e.. Vi ") with Eq. (4), the accuracy of the
resalt depends on the time zonc of the station, or, in
other words. on which |2-h-apart pairs of hours are
used, For example. by using the 0700-1900 LET pair at
tower 0311, results obtained with Eqg. (4) (05 ms ")
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{3} LS wind speed from hourly vs. twice-a-day
34
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Fic, M (a) Observed winds. calculated from hourly V.. and
caloulaled from daily averages of V¥, with 2-limes-per-day sousd-
ings walees of LS wind speed, averaged over all twnelevel wwers
of the KS3C netwark. (b)) Values of the shear fusction p averaged
aver all hours and all KSC twa-level towers obtained with all
12-h-apart pairs of sounding timex. The value obiained wilh cor-
rection Factors at (700-190) 1 5T {ocorrespouding 10 (KKK and 1200
WITC im Flarida) is shawn with a rhomboidal mark. Reprodoced

Tram Archer and Yacobeon (3006).

are slightly larger than those obtaimed with Tg. (3) (3.86
mes ') The same applies to the six 12-h-apart pairs
between (300-1500 and (8002000 LST. tor all other
pairs, & small underestimate is instead introduced by
using daily averages, Figure 10a shows that, on average,
pairs between 0500- 1700 and 0700=1900 LST. that i,
the three casternmost tlime 2ones of the United States,
generate estimates of V'™ that are larger than those
generated with simultaneous sounding and sarface
bourly values, However, such estimates are lower than

observations by

2A4% on average, with

35.3%

{rower 0001 at 0500-1700 LST) and +28.7% {tower

0403 ar 0600- 1R LST) a5 extremes.

In summary, the application of the LS method 1o
simullanzous sunrogate sounding and surrogate susface
howrly values appears to be generally accurate and con-
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servative, By using daily averages al surrogate surface
stations in combination with 2-times-per-day LS param-
eters derived from surrogate soundings, resulis differ
slightly depending on the tme zonc. [f the LS param-
clers are obtained in the late aftermoon and eary mom-
ing {ic.. 0500-1700, 0600-1800, and 071900 LST).
VHUR ctmates are birger than those obtiined from
hourly values, bot still smaller than observed values on
average. Az such. the L8 method appears 10 be aceepl-
able and conservative even when used with daily aver-
ages of VRTT,

b. Error fn wsing the p fuersctton (with o withoe
correction frctors)

From Archer and Jacobson (3003), the variation with.

time b of the mtio between V"% and ™7, alsn
known ag the shear function pik ), can be represented as
a sinusoddal as follows:

pi) =i+ A am[%u: sn], 15)

where A i3 the curve amplitude, & 15 the time shift nec-
cssary for the sine curve w have 8 minimum at 1300 1.7
(=35}, and p is the daily mean of p The houry values of
VT can then be obtained by multiplying hourly val-
weg of VRIF by pli). IF only the valucs of pat and
LHN UTC are known (i.2., pg and gy then the two
unkoown garamelers p and A can be estimated as

oy — and il

A= 3'7 ¥ (7
wpers e und B are luctors depending on the time zone,

Nede filar amphitude A in Eq. (7) 8 aflowed to become
negative {when g = p, J, Lo caplure the real varisbility
of the shear function. However. Eq. (7)) was originally
derived for the central ULS. time zones, for which p has
a minimum around 0000 UTC, In Florida, p at 000-
1200 UTC is near zera, which could cawse spurious sign
switches in the amplitude valve, Thus. in this section
only. the absolute value was used in Eg. (7). This chosee
was also introduced 1o avoid sign dependeney on the
time wone. The absolute-valoe formulation was gener-
ally conservative sl mos) of the stations tested (as dis-
cussed later), and il is consistent with findings k= Laz-
arus and Bewley (2005).

After combining Eq. (5 with Eqs. (6) and (7}, g, can
be expressed as

Pu= rlw + ﬂ% ﬁill[%

i - m]. t4)
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The KSC rower data were used again o evaluate the
accuracy of Eq, (B). To simplify the analysis, the cor-
rection factors noand § were both set & one at first,
Results, summarized in Table 5, are onee again slightly
dependent ol the time zone. On averape, the shear
Tunction is largely underpredicied by uwsing Eq. (8), as
the mean ehserved value of , was 28 and the mean
calculated one was LB (using 0700 190 LST). The
sume wis tree al coch individual tower for all pairs of
[Zheapart times, Again, the carfy-morning=latc-after-
nesatt pairs of hours (ie., 0500-1700 theough 0700 |90
L5T) gave rise to larger values of the shear function
than did all other pairs. For example, al tower (403, vhe
average observed value of g, was 2015, the alerage
calculated value with the OT00-1900 LET pair was | 864,
and the average caloulated valoe with the D100 13060
LST pair was L761. The average behavior of p at all
towers a% a funclion of the 12-h-apart pairs of hours is
shown in Fig. 10b. By using the correction factors o
005 and B 1.2 [suggested im Archer and Jacobaon
(2004)]. valid for the continental ULS, time zones (ic.
=5, =6, and =7 from UTC), the eady-moming late-
aftersoon elfect was virtually elimimated. In fxcr, (he
average g oblained with correction fctors at U700 1904
LST was comparable to the average p obtaised with
other pairs of hours (Fig. 10b and Table 5).

The linal question o investigate is how well the pro-
pused formulation for the shear function actually min-
ics the real one. Figures | li-¢ show examples of cabeu-
laned and observed p, at the tower cosest o e aver-
age (0415), the tower with the worst pertormance
(0001 }. and the tower with the best performance (1506).
respectively, In general, the proposed sinusoidal pat-
tern of g, B8 a good approximation for the real pattern
of the shear function. However, besades the general un-
derestimation of the average value discussed above, the
observed pattern shows a lurger amplitude and a
sharper transition from day (e night (and from night
day), Also, the carly-morming/late-aliernoon hour pairs
tenad 1o produce a larger daily mean o than do other
hour pairs. This supports the choice of the correction
Taciors in Archer and Jacobson (2004), which foreed a
reduction of j# {o < 1) and an increase of A (f = 1),

4, Conclusions

In this study, 1he effects of interconnecting multiple
wind farms through the transmission grid were investi-
gated. The area of interest was within the midwestem
United States, previously ideotified ag one of the best
[poptions for, wind power hamessing over laod. Nil-,.,
pen sites wath annual average wind speed at 30 m
above ground, the hub height of modern wind turbines,
greater thun 6.9 ms * were identified and intercon-



November 2008

1020

Final WWEC PEIS

1715

ARCHER AND JAUCORSON

ROVEMIEER 20T

e 1]

50 |

=eL
apTl
|
=90
R
wiol
Lri
VTl |
Ikl
WL
Akl
9eLl
G2L'|

L1 ey i

Lot

¥l

PEL]
nE-

L]

1]

00

haar|

o 2 4 5810131_-"!41518202‘2

o
"
=3
£ 5
e ¥
= -4
=
=
§ t
*
= 5
mm
]
-
-
=,
L3
=1

Ll

T
oy
L T
95l
1551
a6l
At
ILLt
Bl
DLscl
Lt
BRLI;

A

X bt
vl
ALL'
v T8I SFEL
t LAl |

Lt DOLO (R0 )

|
Sl
FELl
FSLL
BLLT
usL

'l
L
ZEL']
L]
sl
wrl
01
Bl

AL [ 00D

10 12 14 16 18 30 22

& B
e [LET)

]

2

B
|
Lo [
§BLL
60 1

£ o
& iz
5 4
<

g2
s}
z

]
N

A
FiTl
el
wirl
i
g9l
19
Il
Tl
LLE]
WYl
el
BELT

Bl
Py |
L
(L]
LISl
Ly
=l
oz
L
L1 |
S5l
Lig]
il
sl
1Ll

<z

.k
il
=g
[

z

8 B

R h.....n..w

g FEs

£ ozac

« 35k

o EER

2 o3s -

ol 26
Beg

m HWES

-
=23

w mH.i.m

T OB=E
= EA

o ..mm.....

o Hm.m
= 5%
TEE

- OF
grue  Bay
e
iy
®ITE
[+1 g
FI80
T
DITE
SINE
Tl
[Ta3:
ST
sl
Oir'e
LORE

MR- OSI-D0ED 0P I-00E0 QOSI-00LD OOZ[-0000 S50 2ami]

mmpEng
T 152 3] UL U
sazp-am) e |

ETCL SR G T TR

® LI EpL
I3anay yite




Final WWEC PEIS

1021

1716

nected within an increasingly larger arcay. Wind speeds
at 80 m were caleulated via the leasl squares method,
which involved a combination of 10-m wind speed ob-
servations al the sites of interest and vertical wind pro-
files retrieved at nearby sounding stations. Observed
data from the Keonedy Space Center in Florida were
used to validate the method,

Array-average statistics were compared with those
obtained from each individual site and from the same
sites il they were not interconnected (linear sum), Pa-
ramelers that depend linearly on the values at each
individual site, such as array-average wind speed, wind
power. and capacity factor, were unaffected by the in-
terconnection, as expected. All other nonlinear param-
elers showed substantial improvements as the number
of interconnected sites increased. These included stan-
dard deviations of array-average wind speed and wind
power, which decreased as arvay size increased, array
reliability, and reserve requirements, which decreased
relative to both the linear sum and the total electricity
delivered. The marginal benefit of each additional site
decreased. However, no saturation of benefits was
found. that is. positive marginal benefits were always
found. even if small,

Contrary 1o common knowledge, an average of 33%
and a maximun of 47% of vearly averaged wind power
from iterconnected farms can be used as reliable,
baseload electric power. Equally significant, intercon-
necting multiple wind farms to a common point, and
then connecting that point to a far-away city can allow
the long-distance portion of transmission capacity to be
reduced, for example. by 20% with only a 1.6% loss of
energy.

Reliability was studied with the generation duration
curve because it is relatively simple to implement and it
does nol require any load data. As such, the resulis
described in this study are general and do nol depend
on the load. An alternative method to study reliability
is the Effective Load Carrying Capability. Because of
its complexity and dependency on load data, the ELCC
approach is recommended for future studies.

In conclusion, this study implies that if intercon-
nected wind is used on a large scale, a third or more of
its energy can be used for reliable electnic power and
the remaining intermittent portion can be used for
transportation (i.e., o power batteries or to produce
hydrogen), allowing wind to solve energy, climate, and
air pollution problems simultaneously.
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HVDC Prolger [1]

HVDC: Going the distance

Commissioning of the second of China's longest and largest power links is scheduled for

completion in June 2004, Using HVDC technology, the links bult by ABB will transport

power from central China to the fast-developing industnalized areas around Shanghat in

the east and Guangdong m the south

= Chila's economy continties to grow al an

extraordinary rabe, g0 does its need for power
Cuarenily the greatesf need ap bngping power to the
lasl-developang shistnalized asas swound Shanghm
und Chmnpidong

I'o sdedress tus need, s projeet has been under-

takeen by AP to biald two ol the world's mo=t pow
erdbil aned longest lngh voltage direct curvent (FVDE)
tramsmemuisony bmks each with @ nonunal mtmg of
000 MW, The linke, one of which came into oper
men in Any 2003, wifl irsnsport pewer from the mes
ave Thiee Googes hvdvopower plant fo e exitern
eanstal region and the southem region

"The contract to build China's first 30660
MW link was awarded in April 1999"

HVDC DEVELOPMENTS

e power generated by Thiee Goopes will e bans
mutted to regronal grids vis the Three Corges hms
mbalony pystemn, whech will fonen ihe basls of nnew
mntional network. However, s magor portion of the
power will be trensmutied to Cluma's mdustnalized
cansial areas (0 Shenghe ark! Shenzen via o
HVTAT linler

= Gerhoutsi-Shanghal 1200 MW bipale, in operstion
stnee 1991

* Theee Gorpes-Clmngzhou (3GC) X000 MW lpole

commaaned i May 3000

® Three Gorges Ouanydeng PG currenily being
ooemmissioresd

® Thres Corges - Shanghat 3000 MW, schedided 1o
somt up i 00T,

The camtrast 10 baild Clans’s Arst 3000 MW ok
BEC) was wwarded 1o ABR by the Clums Power God
ACTCE e Agerll 1099, Uinder thes contrmct, AR had
the respamabnlay 16 desipn, balkl and supply the
eonverter stntions at each end of the fine pz well o
3 bueaker-bay pas Insulsted swichgeae (GI5) e quip
menl ot the Thees Clospes dam aile i B0 km
a-500 kY link which nuns from Thres Choeges to
Chanseshons nent Shanghm in the et fomeed part of
the intemmtionally financesd poriion of the project
The arder was valoed ol Yoan 2,79 billion (S360 mil
linnp ARE spymnped Dnancig for the project Bumaph
o proup of intemations] bank s inelhsdiog Socken
Géndenl, AN Banlong Croup, Credst Agricole
Ensclomree, andl the Wendie Investmend Bank. Tha
loans were pariolly pusmnbeed by Bae Swedizly
Expon Apency

Ihe conkrad for the second order was swarded by
the State Power Carparation i October 20601, This
U758 kem Wl s from Thires Gorg e o Gusmg oy
in e souith. This ool was 100 per conil funded
b Clana and pa J'lrmrrmﬂ wai maoimd. Under the
S300 mallyon contract AT 15 providing 8 bimkey gys-
e ineclmding converter valves, power s fonmer
md the smocthing repctory for baih the semding and
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recetving ands of the Mok In iotal. 38 power
transfonmmers and s smeofhing rescton are beugy
supplied poently J.n. ARE's trarsfommer iy m
Luchaiks, Sweden snd the Clinese state-owned X'en
transfotmmer warks, an ABE licences

HVDC hias o manber of ndvantages over FRAL
The techmalogy is parttou sy swifed 1o o ing
power over long distances because lses are low T
s alzoidesl for connecting separste netwarks sance it
obyviates the need for netwaork symelromzston

Al the heort of cha FVDC stablon s the converier
valve for mcidying o inversng elechic cument Thas
carzists of a lage number of thyristors connecled in
Semiesd b0 cope vty dhw h:a-h \ul.ugn Tle Ih:,-nm-
nre epoanted i modules of s Each valve level can
homee 24 iberisiors. The valve o normally suspended
from Ehe celing of the valve Fall for protecion apmnst
eanhqiuakes. The valves have 1o be controlled in order
o e Elve reqiared cusrend ad power. The valve
mast &30 be cooled md the coalimp water clenned
Each valve hall hos m surge screster to protect the
drvnistor badpes s amnat shonormally kigh volinges

An HVIC ststion oot ces nonich mors fhon a
eomverfer {or rechlfymg of inverimy elecinc current.
In 8 Ly entddoor swidching stiion it mmis he
possible to soleie the sabon O the AT side, hlters
are Beeded g smooth the et from the HVDC
valves v the AC line has to be compensaled for
the reactive power,

HVIRD pilanas. are ko provad=d with trareformers
on the AC side. The must inmportant roeaomns fon
lamving & b former are
= Ta aptismize the Devel of dreet voltape in HVIDC
trananuEsron and to have » safficiesthy low voltege in
baclh Lo -backoparohon
& Tia e wble to use t=p chanigers for l.m?-h settiag of
the voltage
* To abtmn e even divect curvent and more
ndnusgrichal allernsteg amrent (12 pidis comection)

* The smefonmer linits the short ciremt cuvent inta
the valve

O the DC ade, the carrent it be made smooth
md fhe retuam through ground or waler secured
roagh an elecrodes mranpenen

The lagh voltages call for Latpe Samooes belween
camverter converier, snd between converter-emth

This moeans tee 57
® large ares

7 stmtion hs to be spresd over

THE 3GC PROJECT

ABE had the oversll responsibilityfor the two 360
converber stations end supplied all the equipment
except the comverter trensfommers and smoothing
renchors mt eenpang (e recenang end converier
statvon). Alflough most e gispment was irmperted fnba
Chimn, somea tramsfarmer i, capneitors, ool rday
profecuonswere prodiced locally. CPO was resp o
sible for huilding the svethead line amd the ground
electrode stations B alse cnrried aut wvl werks snd

1030

wrstallahen ol the converier stallois.

The zending end HVDC comverfer stalaon is bcaed
ot Lomigquen, about 50 km froi the power plant
This comverien slation i comecled b the man net
wark of the ilereommected AC power poal which
compnses the Ceniral Cluns Power System and
Sichuan-Chomglig Power Bystemn

The recenving e sation @ locsted 8940 km to the
east of Thenping, wboat 80 lun novbwest of
Shangha Tis {2 comnected ta the Exg Clina Pawer
Syuien whach covers Shanghm, Bangsu, Dhefang sl
Anhul. Longguan u conrecied 1 Bie Three Corges
plant by taree 500 kY AC Hnes Zhr-nﬂﬂnﬂ ms two
500 kY AL outpeing lines

November 2008

TIE COPVERTER VALSE 65
KT THE HEART (@ i
HADC STATIENS

"HVDC is particularly suited to
transmitling power over-long distances"

HVIRC wae chosen te sanomal peswer from the
Thres Gorges plamd for severnl osasoas. Since the
cetitral st east China/Guanmgdong A networks are
not symebronized, = AC Emensssaon scheme would
have Itql.ﬂ-h] ecosrdination, and it would lave been
iffscnlt to ensire sdeguaie ettty margine. HYDO
allows controlled trmsmsaon of power between ihe
netwarks, winch retam thar independence

B would alee have been diffiaalt to build sn AC
Eremesmissbon lioe in sages Lo, one Lird: mfter smodhier,
w6 8 Very sirong enfer-tie would have been néeded
Iram the ountzet i order bo keep the generators of
the two goids syncluom sed

D s also more econsmmie i jerms of constradim
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recerang ends of the link B total, 28 power
ranlormens and sx smoolmng reactors ane beang
supplied jomtly by ABR's trmsformer fackayin
Lischvthe, Sweden mud the Chinese state-owned X'an
trarsformer warks, an ABE licenies

HVEL bt o munber of sdvantages over HVAL
The iechiolopy s pariiciibaby suited to ansanuing
poweer over long distances because lozoes nre low. B
s alzo sdeal for connecting separste networks since it
obviabes the need for network oyncloromsston

At b leart of the HVDC ®alkon s the converte
valve for reciilying o Inverting clocirc cusrent. This
comaksti of u lnrge numnber of hyndon comectedin
weries Lo ope wiih the hyl ‘-'-I"I:l'ﬁ The H'r_.nltm
ure moamied in modides of gix Esch valve level con
lemaze 24 dyywiiors. The valve is normally siaspemiled
o et o0 Ang of the velve hall for protection against
eanbgquakes. The valves hme 1o be eonsrolied wm order
vo raienll e rocueed ournend 3ol power. The valve
mumst a5 be cooled arcd the coolmg water clemwd
Enchy valve hall has 0 nuange sresier to protect the
thivyistor Iwtdees spmnst stoonmally lnph veltagea,

An HVDC dabion samprizes maich more den &
converter for pectifiying o imeriing electric ourrent
In » bege cuwloor ewitching station, it mmst be
posable to isolaie the sation Om the AL made, files
are needed 10 smooll ihe cunent from the HVEC
valves ond the AC line haz to be compenssted for
the reactive power

HYDD plamts are alio provided wath irarsformen
on e AT spde. The most inmportant reasons for

lamving a translormee me

= Top opiamize the level of &reet voltage in HYDC
trenamisson =nd 1o heve 8 sulliciently low voltage in
baclto ek operation

* T be able to use tap chamger for rough seiting of
the voliage

= T obtain mote even direct curvent and more
sirusoldal sltemating curremt (12-pulse commection)
® The trarabormer fiemis the dliont cleeul] elrrent ke
the valve

On e D side, the curtert omst b mmde smood
wrt fhee petamn through ground or waler secured
threugh mn elecirade nrrangement.

The high voltsges ol for lape Srmmroes beween
earveries -converier, md between converter-santh
This means the HVDC sistion tes o be spread over
& large amsa.

THE 3GC PROJECT

AHE had the oversll pesporaibilisy for the rwe 300
cormverter stutions aed auppliedall the squupment
except the converter mmasformers and unosothg
reacines £ Thenpmg (the recerang end comverter
slafanih Althetugh most equapment was imported irila
Chinn, scme trandformer ks, eapaciters, arcl resy
profeciians were prodused loeslly, T was PES|ROR-
mble for bulkding the overhead line snd the ground

electrode dutions B slro covigd out aval works snd

1031

ratallafon of fhe converbe sEations

THE COMRTER VIR &
AT THE EAKT COF THE
HYDC STATON

Thee sending end HYTID comverter sistion 15 localed
ot Longguan, abowt 3 dan from the power plant
This converier #ation o comected o the mmn nel
work of the imszeonnected AC poven |m01 wigeh
comngiiiies the Gl Chine Powea Systern amd
Sicinaaen-Chenglog Power Systan

The receiving emd station is locsted BO0 km to fe
el ol Elenpung, about 80 ke orthawest o
Ehanghm This s commected ta the Ean Chine Power
Syntem which covers Shangha, langsw, Thojlarg and
Anbusd, Levgaum is comnecied 1o e Thowe Doepee
plamt by dwes 300 KV AC lines. Phengplng liss two
S0 kY AL sutpeing lined

"HVDC is particularly suited 1o
transmitting power over long distances"

HVWINT wae chapen to trmnsma peser Brom the
Three Gorges plast for tevenl masos. Smce the
cenibyal and easl ChmaGunngdang AT networles nre
not syncheonied, sy AC framsmisacnscdieme would
huve pequared coondination, and it would have been
difficaddi 1o ennare adequate stalifity mage, VDO
allows controlled tronumisgon of power belween the
oetwoaks_ winch retam en mdependence

1t would also have been difficalt to buld an AT
brarmmisshon line in stages Lo, one link after anothe
nE B very sirong inber-te would have been needed
from the ssisetin srder 1o keep the penermtors of
the two grds synchromzed

I i alin mare eeatimie m lerme of constraclion

November 2008
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coszs mind lomses. Five mesies compensuted, 500 k' AT
[ireew wendel hinve been pecezzany 1o tmanit the sme
oot of power and each hine woudd reqare s
larpes npldt-of-wmy ey one HVDE Diove of 3000 MW,

The tapolar trarsmision slso mieans Qi el of
the power esn be anmuited even during s oulsge
of cne pole The nomemal T3 voltape w4+ 300 &Y
b the opersteng voltage con be rediced down fo
+F 350 WY io enable confinued operation even when
the B wathetmd strenpth e reshord due to inmlator
coniarnination o adverse westher condinons

The Hisie oveshesd cxpaaty of the DY TaMA
= aboud 10 per cent fior fwo housz Awmcues feature
of ibhe pecerving eavd stutvon i Dhat all 500 LY TC
equpment {ocept snooliung resdors are located
st The condrol aind probeciion sysem i3 AHE's
Mmchi- ydem.

“The cxnrverter stnbiot ks il rated opersticon i3
uat @7 per cent All crttienl subsystemsae chiplicated
tor enasre hagh availabilcy gnd reliabdivy.

Thie st pole (1500 MW) began commencial opers.
bt i Tudy 2002 aned the entie bl W comdeied,
o1t on May 2003

I'ne 3GG prosECT

Wihnile thiy was  short e schieduile, Hie 2econd
progect, 3GG, called for 30 per cent bo be chaved off
the normal lead tinme. Ts means thal the et pole
woill be compmemoned st 28 months el apning of
the coutract. AHB is achieving this by what ot alls
ve-use of design engmeering and the lemmons leammed
from the = progect. This was possible snce bolh
projects were simdor, Indeed the tpht progea
sclwchule was s mmor challenge.

The comverter sation ol tle senching el s Tooaied
1t Jingezhou, chose to Yichang. Al the pesk Creof

November 2008

HVDC ProsecT

comsirustices there were nemly 1000 workers on e
The Ningzhou mie was chosen for s number of res-
sans The kosd dsnbution o the lool netwek wae
» prime conaderation, flngrhou is the ate of =
edsting rubstation and the A yard » mn bnportent
node in the futur e Sevelopement of the nehwol:
togedhier with other 500 kV substations. In sddition, it
fana good supply of water, good lnnc availsbilsy
amd poad access for heavy equpmend.

When the HVIC link, becomes opastional, tho
mubstation will have the capscty fo deliver 2000 MY
to Guangdong plus 2250 MW from the existing AC
mibstation Tesing of the rysterm w well undersmy.
with » hat of items being tested Lo pemure system
rolatifity aned fadionality. Thesv=tem will be tesi.
el umler dfferent opersting roemanos. Cave imipoe-
tant dest vl be the mods of rananission under
increazing load This e related o the powes ratmg
durang transmizson and il be done mutuntly e e
senchnig and receving end

Drespite the dort tame schechile for biklng the
project 3600 link, construction of pole 1 wag
nchasv'ed by Tsmumry 2004 wnel tesding took: gis one
month Full load tedting tock place in Felnsny when
the addtions] two w25 ot 1 came on hine The
endire svetam and bine are due bo be commissicned
by Tune 2004, however ABB will manspe o put e
sy sten oo operation bwo ovorths alvead of schedale
Accordng to the CPG, this is the shorlest (me
recpurod for testing sy progect i Chana. Al in all,
the 303 progect will be compl ebed one venr [aster
thum 114 @ter projed 360 = 8 new peond

Accorhigrto the projpedt enginesss ol t5e Tngeho
substation, the igget techimcal challenpe was spon-
ning the Yargiee River. But despite B the project
went smoolhity mdit & hoped that the expesirnes
gainrdal Ningzhou will be paplicld to Bies projecis

HYDC HIGHLIGHTS

oot iy S sbamy 16 TI0 heoruioe of Bawridard nod Ponestation;
s shan TH MW threugh svuidaccs of lesses ~sqpusvalest fo mpply
ot 165 000 honmediisls.

AR Trowe Gomes HVIG Dok i 8 nisnbes of moonds. Thay have e
gt pavirar faw prer ke Le. 120 MW, The previsus recorl wa at
Peadya (FS75 MWD The etroithin idme o 82 ot for S et B s
shecurast for 1 ol finlu tock more Seer 00 morsde. ALY ki, e

“Tlaee Conges Cusngeeng Bk b the ioogest FC e in £ clam -l
o B0 s The Bk o o of [ prwest pcivanecnst

iomreral ard prossction spmees, ABH' she o2-Tw-an Mach 2 syt

Progect benefits

Thee peoject ham both stonemic sed inchiical Beeslin, Econonse bere-
ftn inchudar [ower invessnens oo o powar oaes, Lo Imjiacn my
sta eembumme; i high melzsiisy g3 avatlabiiny,

Techsboal berwfie &:clode; procies wd et controllalillity o poes
fere; preeeordiion asd ame o hlackos: deyrchmnoms inferoonrectan;
Teriarion of shon-cinoul e, no Bm on S legh ol calds {dss
o o of changing oumrmnd,

Friom & soetal et 2o link, (s dea piv-supply 10 beat.

& million homshold lrwer on-grid e of cunakle byiEm mscues
vt ermissions o 60 MY of Teai fuel power (latits in @ dermely
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Building a grid for a nation

The Three Gorges project is al the heart of China's power sector restructuring plans, Cnee

complete, the project will add 18.2 GW to Ching's generation capacity but perhaps more
importantly, it will form the backbone o China's plan for a strong national grid.

0!1 Apnl 1. 1952, the B Session of the Seventh
Nanonal People's Comgress passed the
Reseltion en Construction of e Three Gorges
Project on the Yangtee Fiver The projpeciis n key
prugect fed the trentment sivd development of water
PEEOLTCER OE e ‘I'.mmrr.— Frver, The dmm vl Facali-
imie ihe diversion of waler from the sogth to the
morth and provide flocd control Bt pﬂhl‘b‘. e
impostanily, the power project willl alis be ot the
heart ol the coumbry’s national power interconne; o
Jerigrammame.

Supported vy new tnink power mansEmisAonsys
e, the Threa Corges power irarsmission project
will be cemiral to Clara’s plans (o build sn imegraied
nationsd gnd, Power penersted fom t2s plant vl he
trasmitied b gricks in central Cluna, east Clums,

S b and Gl.wuﬁms province, Wily more than
10 D00 km of HVAC snd HVTDC lises, 228 svstens will
foum thie baais for m new nabonal Eml whach vl
cambine the seven eepional netwarks and five
independent provnos] nebworks 1o coeate v new
intereanmacted regonsl networks

HUGE HYDRO

The Thres Chorges project will be che legest bydro-
powet plant in s world Constuction bregan in
1993 i Ny eompletiod mn 2000 11 will have s
generating capscty of 183 G Power will be pener
el froam a totel of 3 generntors= 14 on the beft
bamdt amvd 12 om the mghi banle = each with & capaci
oy of 700 MW, In nddition, mufickont space has been
set nside on the nght bank for n fonme undeyground
powethoize for ax fmbine peneraliors witt @ tolal
capacity of 4200 MW, The itakes of these wits aie

baing, construeted amuimeonsly with the progect

The dumn 5 of n conereie pravify type, wath n
lmflh of T30 m It Fasw crest elevation af 195 m
ondl 3 maocizmm heght of 18 m

Construction of the pragect is scheduled to last 17
venrs. Thiz icludes the five-vem (193307) Hret
phace of preparations swd censiniction enshng with
the dmraming of the '!'aw Fiver, the smg-yem
119502000 pecond ph.lse ending when the water
lovel of tie reservar resched 135 m; and the st e
[2004-09) thiird phinse which ends soath completion of
the whole project

The main Minancisl chal
lenpe was hmding the pro-
ject during the et 11 years
af comstruetion Fut witls
the projpect beginmig o
penerate incomes i M3,
meoney from elecinaly silar
caatt oy e wned do funsd
the project d g the Laiter

Tty CONTHICTORS CAlRy
3000 MW TO EASTERN
AND SOUTIERSY CHITA

pat of the consiruction
penod

Indeed, thie yenr 2003
was 8 lsbonc year m the
cotstmaction of the prajec
The II"I.":II] widhs bepm to
slore waler o June |, fhe
storape wend up 6 thy sle
vallon of 135 m o June 10
argd the permanent sup
locks opened on June 36,
‘Tha fier alx mezs bepan to
|"'|'|I'|¢|'\IEL'I:|1'\|'|'!.'?I‘I1HIH elec

wiany in Aumust {hwo went
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CHEA'S TOTAL [NFTALLED
CERERATING CAPACTIY

o operstion i A, twean Odaber, and twa
before the wﬂ!}. The privois] worls entered the
dued phnr at the begoning of 2004, A n sddinienal
Tour vmis will begm commercial operabon tas year
ond m further four in MO0

Wi all yyyiis 0en fully operational, Thees Goages
weill hiace an stiminal ouibpid af 317 TWh, A lnige
portion of its electricity will be supplisd 1o sl
Charen, eerivel Chins aiud 5 smal] poriiee ta tlse
Clhongging mumiapality,

SECTOR REFORM

T the past, il has been sad that what ling moar i
dered the markebing o electroody hins been the coun-
try's poor power mmmagemeni and Emited power
irmrarisaion eaprity, Haoweves , infoinuwtion (Fean e
Chins Nutiopal Power Corpomiion showed that by
Iresting Theoee Oorges o an epportunly, Chma could
restmieture U3 power Inchistry. reform the exestmg
power mamagemens! and operstion meckanksma, smwd
spewd g the canstrpction of tramems o feetites m
sl and urban sreas

Clania bins upﬂwnued an szuwal prosib rate mo
finastalbed penernivng capocity of more then B per cent
fo the baet 57 yemmy A the el of 2000 wtulled
capacity stood at 357 GW. About 50 per cent of s
copaaty was controlled by the State Power
Carporation {SPC], The remmnmg 50 per cent was
owned by independemt power producers, lege gen-
wraloas Tike Thiee Geopes snd Goangdong Nudem,
as well s provincial or bocal povenments

Power nvestment (29290 MW, Tronsmibssion and
dasirtbubyon s o resain v monopoly, mnder e eon-
trol of the State Gid Codpomtion and Clans
Boihern Power Gud Co. Lid

“China plans to create a
modern power market vt
which plants sell power to
the grid at market prices”

C hiv o itentzon e W evenmsiy ceale o wiilled
prad, wiwd hiove 8 modean power market i owhich
plll‘ﬂ: well pawer o ihe ,-.n.d wi maeetdetermaned
prices hdqlalbr 1 planmed to inyoduee comgpetigve
prcing m ax areas = Thejlang, Shanghm, Shandang,
Lasnibrgg. Jitin and Heflongiang = on o trial basis,
with ench fres fe employ its ewm method of commjes-
whve pricang. These six ol ceglonal markets were
expected to be merped of expanded for a mere inde-
pltni cnmpctilw mmkoal B the r:l:plrl.ﬂmll.ll
been tempormnly sialled beemise of pevere puwer
shortapes e e edin M0

TRANSMISSION ISSUES

A Key iesue i the development of das integrabed
competive market w the developmenst of m
itegrsied network

Alogether, there are seven provinaal or regional

In Detober 300F the povernment passed
the Electricity Sector Feform Ad lo pro- =
mede compelilion, meresie eflciency md
generslly siresmiine the ndustry, A regu
kmory body was crested to Fupervise ihie
elecmcity market The SPC was ‘.T||.|1‘ it
five competing §euersiig compa o5 snd
bW nani-coimpeiing regional network
calnpanm es

The five generabng CAMPATEES BTE
Huaneng Croup 07 970 MW): Datang
Fleetre Powes (32 250 My China
Tuadton Group (1 090 MW B Elecne
Perwrr (30 430 MW) mnad Clane Blecirie

LR B B
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gruds und Bve independent grids which sre not con-
nected The pemenal networks = North China,
Northesd, Fat Chune, Central Cluna, Norilrwest,
Sichuan and Chonggng and the Southern Network =
aperate ol S0 kY, will the exception of the
Northwest Netwark which has 8 300 &V backbone
The five imdependent geids are Shandong, Fuglan,
Halran, Xinjisng and Tibet.

The southem provinces plus [lainen see viewed 85
the south god and ks operated by the Southern
Network Carporation. The remninder is known s the
norih grid and is operated by the Smte Nebwok
[ T o (Meath O Il l,] Theese netwaork coan-
panies still also have their own generating plants,
peamartdy pumped storsge

Whibe network acoessbiliny s reached 96 4 per
cent, pecordmy to ABE Heere ape sill rmnsnnsson
opportimuties Already, Thiee Corpes i providing s
significunt portion of these ranamission opportuni -
ges Power from the plant will b disaibuted va 12
wmsnson lines with 500 BV AC lines to contrsl
Clatia ard Chongguxg City mid =/~ 500 kY DC lives
o ewst Clina and sowth Clana, Crverall, the progect
will u:q_uiu the constmietion of G519 ken of AC lines
with n comverting espaaty of 2275 million kWA, and
some 2363 ki off DO lines with the capaaty of the
D converter ststions reaching 18 000 MW

Winae Three SGorges vall o some way b meeting
the power demands in the ensd, ihere will be o con-
timimy need for ransnminng power from wesl to
exnt This s expected 1o be schieved via thres
routes
* Soulh hees: 10 000 MYY from
Guiehouw Yunmn/ G uamgd 1o Guangdong
= North limes: 5000 MW from Shasnod/Sharod T
Mongolia to JinlingTang area
* Central Lives: 5000 MV from SicbuandHarbel to east
Charn (including tha second bépale FIVDC Hak, from
Three Goages b Shasgha),

There 15 nkas o need to fnterconmecy the regronal
and independent grds uang both AC and DC
systems.

There are plans to step op the voltape level in the
5 kY neathwest netaork to 720 kY, The plan is to
biald & 146 km, 750 KV AC line from Manpaig to
Lanzhosy. This wall be one of adly 8 few 750 kY

HYDC 8 TR e

ML O OHING,
PWER GRIDY

ta Tines. op il 1 e
world Constructson of thislme has
¢ begim and ABB is biddmyg on the trams.
formers and reacion, for the pragect.

Thete aee ala: pubestantinl requare-
memts on the distnbadion sde
Avcordirg % AT in te Lth Foe Ter
Flim (0052010 the country pland to
mvest 44 billion in traemisaonand
distribution In sddiion to highe volr.
ape HVDC systemns, Ching will nocd
large wunsformers — loper dum today's
1O R trare fosmers which ase avml.
able for anple-plase. Chena predscts
Akt an che mext 15 yenrs, transformung capaaiy will
e abaut X GVA

Technology sch ns FACTS (Flemble AC
Transmisaon) will be needed to provide voliage
regulution sl compensat

Furure HVDC

Lant yemr was an immporiant vear in the Claness
peveer secion, Some 21 grovinom/regions enceun-
tered power shortapes. To counter 1, some

524 mulhion was invested in generation, with 37 GW
beung pul imto operation. Al the smne time, B500 km
of transmisacn lines were also put into operstion

“Int the 11th Five Year Plan (2003-2010)
the country plans ta invest 824 biliion in
transmission and distribution”

By the end of thin yess some 144 plants will have
been constructed mnd o fusther 10 000 lan of both
AC and D e s will huve come mito operation.

Looking shesd, ABR sees more opporhanities for
the wee of HVDC technology, Chinm has seheduled
severl HVDC proects for both the near term snd the
langer term {eg, up to 2005 There sse plans for 16
setd of DC irarousissiog liwes between 2006 and 2000

Iereshingly some of these projechs mury sirelch
over greater distances and opersie ot higher voliages
han lirks bualt o dste. Moat Tong' transmizson dis.
tances in Chinn see errently around 10040 km but the
coumtry i lookang st ways of sending power sver
distmyces of aroand 1200- 2000 km,

Commenaing on the fstare of HVDC in Chins
Peter Leupp, Clovmmam and Presadent of AP in
Chima noted: “When you look at the smoant of
power aned distances, you may see 8 need to step up
voltages from 500 kY DC to 600 kY DC. Chimna is
now studving our exporlences st alpu where we
nalt & 600 kY DC lnk, which 15 sl the lghest DC
valtage Level after 20 yemrs in operation. They are
seetng how Sy com apply dus technolopy to
wananit power to locations whach are further sway *
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LocAL IMmpacTs [3 ]

-
;

ABB's involvement i the power transmission fiom the Three Gomges area to the load

centres al the pacific coasl demonstrates the company’s strong local presence in the

Chinese market and its strategy of working in direct partnership with local businesses.

ATNUAL POWER
CONSIMPTICN CROWTH
EATE OF NERE THAN T WER
CENT N THE Pasr 50
YEARR

-5 888 EBEGRES

T‘h- g of the Thoee Gonges project is biage on
bl

th n leol ared nations] sonle, The project is

loented in Jhubel Provines. The man inistrissin te
srrounding aren se aprioulivre nnd f-.-!lh‘ i o
af the ey poslsof e proged @ lo Fund! oo oo
wel m the maddle ] Iower reacties of the Yoo
Fiver, Afer m.llphum of tha poject e figemd et
ol ddandardiin tbe Yinggang resch of tha Yangtoe
Peiver welll be moised froen e pres el lesn then 10-yess
freguency Elood to 1004yar frequency faod

The popct ealled for the andertaling of 8 hiags
reloeat o progmnene, B Al o) reesilemenst las
been o dificuli taske, the project @ being 1eén 35 n
geod opportunity to develop the fool econonry. The
reservolr Fegion of the project in mom ueder-devel-
oped region of Clins where prople Bving b the e
linve n per camtn income far below the nabonal sves
ape, Sanee the propofs inpl ementation, theesands of
hoceaies of formband have been developed ng well o
thousands of square mecoe of new hougiig

The project nfe o locsted 30 ko fom Yichang
caty, whith ia the hiome of the project owners -
Clanm Yanges Thees Gorges Propeet Developmieni

Comporstion. Yichang has s population of 400 000
mnd eotitnietion of e project A1 = surromichng
Infrasnatee i puu-.'uhnr Jols fop ssme 20 0000
worken fom (he ciy

A e nstienal level, e profect will mapply Clam
will cleap. reliabda o] elesn enerpy. W it = com
plete i 2000 the gae will socount for sbowt fos pa
=z o Cluns'vinstalled genemong capacity and replsce

same 403 mi toamies of e 224l aazh yemr

TECHNOLOGY TRANSFER

1 lins m policy of exchanging meket shore (o
teclmwlozy, 0 |m|:e'.- wiich was sdapied for tls
‘T Gougees fell bl power plant and 1= freesms
st linkes wehere HYDC teclmology was used for the
ermarismen of powes b Changahon in east Cluns
and 1o Guargdong,

Interpsacnsd masneisctiae s hnd to rangler teclnod
apy 1o deapnnted state -owned oonmpardes and oee
e companigs u2 local sul-toniracion = [nd tale
pesporanlity lor the quality of prrlormance and
delivery of these local codipanies. Inbrrmational man
ufbetupers were aloo asked 1o talie Nall respomayility
for the paformenee of e pojeet oseluding die
p-|:|’-.-||||mrr e locsd [partriars

THE CHINESE WAY

ABB i oo sirmper (o doang busmedsm Clna 1
begam selling into China abmost & eentury sgo bat
the turming puimt e shout 11 yeses ago. Peivr
Lewpp, Chamrman wred Prendeit of ABD m Clina
explmned. “We decided io pedocate our China head
quarters fram Hong Kong (o Befing, At this tme
we began to; et up more buapessesin [mainland]
Clan, imamuischme loeslly, and develep ouz pfup!e
Thas bt made us moee of o fisdly fedped conpany
withun Use cxnmtry ps opposed io just o sles
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compiyy leve * Todey ABE s 6500 people oy more
than 10 compantes spread seross 13 mujor etbes

Understanhing Cln's curenl spproach to bualding
prngeem e kiey 16 being mccesfil Chine e memy
designinmmons which cery out detsibed enpineer-
iy for power technology profects. B also b brstalla-
tmn compmues, kesting cong 1. Jor 1
st cunmrucsion cormgraries to baild pla

Leupp commented “Tha only thing they Incl
products. Even for lege power planis Clens has
very few bambkay power planta. In the pra Clane hes
been o prodisct mathef They would by the tus.
T, the generatans, boders, salianes and then
tuald e plami emselves

ABH s estabilisleed v sirong tnchang bose
In Chima. For exmmple, 3t has duree compames estab-
lighed for building power wanfommers sd owns
somae 3 per cont of the okt fos lange-sised power
wafomers Leupp noted "These eommpanies ite ot
inminmEn capsaty mnd we would lmve 1o consmder
setting up a fourih company o we wani 5 bigper
share of the mmde

These eompaimes were set up b0 overcedne barmiers
to umpoat. W had  lot of cushomers wanting to by
vair- products but didat have U5 dollws. At that fime
mpart was also more @it The cutome would
luirve to g o through sn evalimbion snd debate m Lo
winy o boval peoduct cotild med meet his needs =

CHANGING TIMES

Cestainly daing business in Chans has pot bean
strmgliforaardin fve past. Tud witlon sl grownig
econommy aod ifs entry io e World Trade
organization (WTOY, the governmentin being forced
lo mnke chamnges

Chimn hos ane of the world' Getest prowing
econuemmes and iz now die world's oot lagea
wconnimy. Al the 16th Party Congresim November
2007 ihe povemment sel the objecsive to quadniple
ite CGDP pey eapits dn the year 2000} by 2000 This
will vequire 8 yemrly growth rate of sroumd eighl per
cent Thiv i o high prowib to mesntem bl s peces-
sy i order to Keep dewn imemployment and
anmitibany S0l ] stalnlity.

Tha hiuge ec prowih m secompanaed by mn

| power d L Power e i ™

expected o meresee from 1890 TWh m 2000 to
A0 TWh an the year 3020, In the past 50 years
alrendy, there has been an sverape anmsd growih
tnte of srven pér com

Unemplayrment s one of the noen politieal chal-
lenges There are an estimated 20285 million pob
seekers each yent, The state can, boweves, only
provide some 10 mullion pobs ench year throngh
cxpital povestments in mfrnsustisee develogioe s
Clann therefore has to rely on the servace secton to
provide the remmmmng pobe Thits, however, teqguares
the apening up of the savice sectar = 8 process
which 12 being facilitsted by the cowntry's eniry
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st thie WO o 2000

The conmtry bas a five:yrmer pruce period o
become WD complinnd. The Nelianad Peoples
Congiess sppointeda new governmend in hach
2003 wiieh will aversee  sentes of changés related
to Clings secestion to the WTD This povenmaend
will sérve for @ five year b

Tlae last twa years have seen chnnges i lepalanon
1o imaker Clina meove WD complinnt and tes will e
1 GIEOLKE rOcEE

Chan s &las opening il doors to fareipn divect
wervestroent (FL) amd intemmationnl events sudh a the
208 Olympacs snd the Wodd Expa i 3050 will peo-
mnte larther FU and help i the intermstonal i e
of the ecumbry,

Chin's eespomy o showing oo sigus of 8 nem
termn pecessaon. FIH is still strong = the schanl bl
tion was about 550 Wlhon i 2000 aod s fosecast ol
260 bilion in 2000 Widh the economy confrming by
prow with te thgn of 8 sdowdown, there has been
pressure Lo appreciate the ¥ um

WELL PLACED

Clina is well placed fve contimeed growth and con-
ey clamyees in lepslanon will contimie o
encourage an indluy of forepn capiial and expertise
Aevording to ADR, foreign investient sceounts for
minee than 50 per cend of Chuns's exports. Favegn
mvestment i Bie loey behind By coumin’s expors
wod st contimuny growth* smd Teupp,

The private secior will be China's engine los job
erealion. It secowmts for more fhen 30 per cent of
CIDP. Today, the country has more thim 1.7 million
peivate enterprises vith oo et of RMELL (sl
fien Im 2000, 75 per cent of industnal output éame
T norn-stais seclor

Bszing & company m Ching cenaindy provides
compelirve pdvanteges. The comstry s 2 luege.
edducated sbour force ot low copt. With theve funda-
menitals in place aid @ ropudly prowing electmcity
manket, AEE believes it i well peartioned to mcresse
humness 88 Ching goes drough i changes.



