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Nebraska Power Association

Wind Integration and the Power System of Nebraska

Study Update: NPA Wind Integration
Study

Presented to the IA/NE System Protection and Substation Conf,
Wind Energy Seminar Day, October 6, 2009



Outline

+ Study Background origin and scope
+ Assumptions

+ Wind Integration Cost

+ Transmission Considerations

+ A Few Conclusions and Findings
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Study Origin

+ Federal funds available for to conduct study through the National
Renewable Energy Laboratory (NREL)

+ Eligible to consumeowned electric utilities who receive hydro
power from federally owned hydrg specifically Western Area Pow:
Administration (WAPA)

! ROFIYOAY3 dzy RSNRUGIFIYRAY3I 2F GA
service footprint, one of which is the Upper Great Plains region:
Dakotas, Nebraska, lowa, Minn, Mont

+ Consumetowned entity must share in meeting cost of study
+ Study Proposal required
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Nebraska Power Assoc. (NPA) Role
WWW.Nnepower.org

+ NPA is an Association by and of Nebraska Utilities

+ NPA Advantage
E Experience in conducting studies through the ,coordinat,ed effort of staff fro
bSONJall Qa @I NAN2dza dzuAf AUASa
E More attractive to NREL to propose a statewide study
E Nebraska as a whole consumes a significant portion of WAPA hydro

+ Submitting NPA application for study grant to NREL

E NPA retained consultants of Enernex and Ventyx, used their cost estimate:
If grant money came through, would be hired to assist in the study

E NPA Matching Fundscombination of money plus the value of Nebraska util
staff-hours spent on study

+ Sep- Oct 2008, NPA Successfully Receives NREL Grant, Study K
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Study Scope

+ ldentify issues with operating wind energy at 10% or greater
penetration

+ Ildentify production cost change when operating existing generatir
units under these magnitudes of wind penetration

+ ldentify necessary regulating reserves required

+ Ildentify if federal hydro system may help with cost effective wind
Integration

+ Allow Stakeholders beyond utilities to have input and participate |
the study, Technical Review Committee
E Wind Energy ConsortiungsNREL, UWIG, AWEA
Southwest Power Pool
Academia
Governmentak Nebr EO, Nebr PRB, WAPA

Indian Tribes ,Ii'.-J,‘
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bt! Qa [/ 2y adzA

+ Enhernex

E Working knowledge of NREL Mesoscale wind data through involvement in
EWITS study. Mesoscale model includes 48.5 GW of wind nhameplate pot
In Nebraska at multiple locations. Each location has a historical wind profi
years 2004, 05 and 06.

E Experience with prior wind integration cost studies including EWITS
+ Ventyx

E Ready capability to perform simulations of large geographical areas of the
power grid

E Ventyx created and maintains software used in simulation

E Simulation is hourly adjustment of generation as it is dispatched to meet Io
B Key software output: production cost
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Key Study Assumptions

+ Year 2018 is modeled

+ WInd Resources is NREL Mesoscale Database
1 o0fS (2 NM¥zy HananX wnnp 2Nl uHnnc GA

+ 3 Wind Penetration Scenarios (% of Total Annual Energy)
E 10%, 20%, 40% of Nebraska energy and SPP energy
E Wind is added in other regions in Eastern U.S., MISO, TVA, MAPP

+bSONI a1l Qa o OoOFflyOAY 3 Ihbkel &
case

+ Wind Integration Cost is solved as a S#dke cost

+ A $25/Ton base case Carbon tax

+ Includes Sensitivity Cases
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Current Regional Coordination

REGIONAL TRANSMISSION ORGANIZATIONS

-

This map was created using
Energy Velocity, August 2009
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Wind and Load Data

+ NREL Data Allows Higfesolution Scenarios to be Created for
study

+ Variations and Correlation Between Wind and Load are
Correctly Represented
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NPA 10% Penetration Siting
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NPA 20% Penetration Siting
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NPA 40% Penetration Siting
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Scenario Wind Summary

Scenario 1, 10% Scenario 2, 20% (plus 10%) Scenario 3, 40% (plus 20%) All Sites = 40%
Name Reference] Name Reference] Name Reference] Name Reference
Plate Energy Plate Energy Plate Energy Plate Energy
Region (MW) CF (GWH) | (Mw) CF (GWH) | (Mw) CF (GWH) | (MW) CF (GWH)
NPA 1249 0.415 4546 1239 0.402 4358 2239 0.414 8128 4727 0.411 17032
Rest of SPP 6256' 0.417 22879 6340 0.412 22858 12835' 0.408 45849 25431' 0.411 91586
Total 7505 0.417 27425 7579 0.41 27216 15074 0.409 53977 30158 0.411| 108618

Nameplate by Region Average Annual Energy by Region
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Wind Integration Cost

+ Characterizes the added cost to operate dispatchable generating

units in the presence of a variable, not 100% predictable, resayrc
wind energy

+ Load is also not totally predictable

+ Dispatchable generation meets a profile of Load net Wind, i.e. log
minus the wind generation

+ Considerations

E Wind Energy is a free fuel resourgéeads to use of wind proxy to derive a
wind integration cost

E Production cost is largely based on fuel consumption (coal, natural gas, oll
nuclear), O&M
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Wind Proxy

+ Simply a more benign substitute for actual wind:

E Puts the same amount of wind energy in the simulation model as the actu:
wind
Pt NEPOARSE || O2YLI NR&az2y t NPRdAzOGAZ2Y

variability
E In many prior wind studies the proxy is a levelized block for the entire day
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Wind Integration Cost

+ The wind integration cost question, why is it important?

E Selecting a generation expansion plahow does the cost of wind farms
compare to other generation options?

E What costs do the Balancing Areas (where wind generation is located) nee
recover? Balancing Area is required to provide load net wind balance.

E These types of studies also reveal information on the magnitude of regulat
requirements needed in the day ahead unit commitment :

A times of day when load is increasing and wind is decreasing (regulation up) probably mo

A times when load is decreasing and wind is increasing (regulation down) probably later ev
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Morning Load change 20% Wind

NPA Maximum Hourly Ramp-up MW Change 2018 - 2006 Profile

Hr 5 Hr 6 Hr 7 Hr 8 Hr 9 Hr 10 Hr 11
Load Load Load Load Load Load Load

Net Net Net Net Net Net Net
Load |Wind |Load |Wind (Load (Wind |Load |Wind |Load |Wind [Load [Wind |Load |Wind
Jan 136 533 315 533 625 699 511 1113 196 346 157 242 113 224
Feb 161 651 395 651 643 866 349 721| 170 398 116 188 71 240
Mar 134 610[| 314 610 592 676 358 673 247 388 165 356 81 308
Apr 109 511 265 511 494 659 388 606 283 485 190 442 174 514
May 81 489 226 489 374 582 397 674 367 728 329 395 275 522
Jun 60 271 158 271 302 521 411 886 374 625 374 490 442 602
Jul 31 241] 187 241 310 367| 436 801 474 801 502 696 439 664
Aug 87 434[ 405 434 632 741 402 670 419 787 421 639 340 941
Sep 99 450[ 267 450, 586 659 398 661 352 523 393 674 328 583
Oct 133 472 291 472 535 676 407 572 191 302 206 318 151 573
Nov 146 463 334 463 547 738 304 640 236 412| 155 424 94 442
Dec 160 450 319 450, 530 699 395 495 140 350 195 473 107 322

Example: Hr 5, March 2018
Largest Ramp-Up in March
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Wind Integration Cost

+ Derived by running 2 different production simulations
E One run simulates actual wind and will result in a higher cost

E The other run uses a wind proxy, the proxy contains the same wind energy
the actual wind. The wind proxy resource is considered perfectly forecaste
and will cost less

E The difference in 2018 production costs of the two runs are divided by the
annual wind energy to get a $/waktour value
+ As defined here, Integration Cost does not include the capital
expense of wind energy

18
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MW

Determining Actual Production Cost

Wind Forecast Usage
Sample Injection Point
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400 unit commitment \
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Actual wind available
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Shaped and Flat Block Proxies

Flat Block Ideal Case Sensitivity
Proxy Resource Comparison - Sample Week
* Bus 531469 ,Jan 1st - 7th, 2006 shape, Max Annual Output = 475 MW

500

450

A A A i
N A Vﬁ 1 1,
|
|

ol AN
| A I

250 I L‘ (Actual Wind)
=== Daily Block Average
200 y g

150 \

| WA BT
. I VO A T A DY
NV VI

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134 141 148 155 162

L2 L

NEBRASKA POWER ASSOCIATION

MWh




Wind Integration Cost

Actual APC |Ideal APC Integration Costs
SPP (Including NPA) [(M$) (M$) Delta (M$) Wind (TWh) [($/MWh)
Scenario 1 - 10% 14,890.61 | 14,842.78 47.82 27.52 1.74
Scenario 2 - 20% 13,379.42 | 13,283.56 95.85 52.95 1.81
Scenario 3 - 20% w
Transmission Overlay 12,917.42 | 12,810.48 106.94 56.32 1.90
Scenario 4 - 40% 9,869.95 | 9,636.53 233.42 107.23 2.18

APC = Adjusted Production Cost

Post 10/6/2009 Update: Table Below Supersedes the Above

Actual APC |Ideal APC Integration Costs
SPP (Including NPA) [(M$) (M$) Delta (M$) Wind (TWh) |($/MWh)
Scenario 1 - 10% 14,655.28 | 14,607.45 47.82 27.52 1.74
Scenario 2 - 20% 12,924.26 | 12,828.40 95.85 52.95 1.81
Scenario 3 - 20% w
Transmission Overlay | 12,462.26| 12,355.32 106.94 56.32 1.90
Scenario 4 - 40% 9,334.14 9,100.72 233.42 107.23 2.18

APC = Adjusted Production Cost
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Shaped Proxy Consideration

+ Shaped Proxg

In the NPA study a shaped proxy was used in the base case. In
case the derived wind integration cost, perhaps, only accounts fc
the cost of forecast error (NREL Data Day Ahead Forecast Error)
Incremental reserves
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Wind Integration Cost

*Scenariol BaseCase

Actual APC |[ldeal APC Integration Costs
SPP (Including NPA) [(M$) (M$) Delta (M$) Wind (TWh) |($/MWh)
Daily Block Proxy 14,890.61 | 14,544.90 345.71 27.52 12.56
Shaped Proxy* 14,890.61 | 14,842.78 47.82 27.52 1.74
[Shape Cost 10.82

Post 10/6/2009 Update: Table Below Supersedes the Above

Actual APC |ldeal APC Integration Costs
SPP (Including NPA) |(M$) (M$) Delta (M$) Wind (TWh) |($/MWh)
Daily Block Proxy 14,655.28 14,544.90 110.38 27.52 4.01
Shaped Proxy* 14,655.28 14,607.45 47.82 27.52 1.74
Shape Cost 2.27

*Scenario 1 BaseCase

LL72L
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Block Proxy Consideration

+ Block Proxy

Many prior wind studies have used a wind proxy that levels the w
energy, for example, over one day. The question arises, does thi
proxy better state the true cost of wind variability?

+ Hybrid Proxies

Sensitivities in the NPA study used a moving average proxy (5 hc

hour) *wirkeh-gesorosulisimeroiketholblockprosethanthoshal

prexy. The NPA Study is among the first to compare results from
array of proxies

* Post 10/6/2009 Update disregard text
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Transmission Considerations

+ Transmission Issue

This NPA Wind Integration Study is not a transmission planning study

The Nebraska wind sites used to obtain 10%, 20% and 40% wind penetrat
chosen for the NPA Study are not committed sites but do reflect geographi
diversity

In Nebraska and the SPP region additional transmission is needed to get \
energy to load at these levels of penetrations. Localized collector systems
well as IntefRTO ties need to be strengthened

A Will U.S. RTOs coordinate and fund an interstate transmission system?

Uses short term planned Nebraska and SPP transmission additions
Uses the conceptual SPP 765 kV overlay to achieve 40% wind penetratior
A sensitivity uses 345 kV in place of the SPP 765 kV in Nebraska
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EHV Conceptual Overlay for NPA Study (for referensed in Scenario3)

EEEEN! BazeCasze Upgrades . aun
Hoskins

B 7es kY Overlay East Columbus

Bl 45 kY Owerlay 103rg & Rokeby Roa
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SPP EHV Overlay w Nebraska 34

KV sensitivity

B 755 EHY Cverlay
Bl 45 EHY Overlay

Bl 45 -Bazecasze Upgrade
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Findings and Conclusions

+ Wind Energy Usageconsistently as wind penetration increased, tl
study results had SPP (including Nebraska) increasing exports b
of the amount of the wind generation increases. (Wind penetratic
In external systems was held constant as SPP penetrations incre

+ No significant curtailment of wind energy in 10%, 20% and 40%,
the transmission overlays

+ SPP Incremental Reserves (compared to system with no wind, ve
hour, following are hourly maximums):
E 852 MW at 10% penetration
E 1,540 MW at 20% penetration
E 3,034 MW at 40% penetration
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Findings and Conclusions

+ The base penetration scenarios show a consistent increase in us
gas fired resources to deal with wind forecast error and increasec
(and variable) reserve requirements when comparing actual wino
iIdeal wind runs

E Integration cost is only one part of the set of metrics for wind integration

B Actual shape proxy does measure cost of incremental reserves and incren
day ahead uncertainty

E Investigation here represents first comprehensive and guantitative explorat
Into different proxy resources

L2 L

NEBRASKA POWER ASSOCIATION

29



Findings and Conclusions

+ Increased wind penetrations result in lower CO2 emissions

+ A pure price penalty on CO2 is not very effective at reducing CO:
emissions in Nebraska (given a constant expansion fleet) until the
penalty gets very large

+ Increased penalties on CO2 result in decreased wind integration

as more gas resources are committed due to CO2 penalties in bc
the ideal and actual cases diminishing the cost difference betwee

the two
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Findings and Conclusions

+ Scheduling WAPA firm power to Nebraska utilities proportional to
load-net-wind vs. proportional to load may save Nebraska on the
order of $1 million subject to Missouri River Basin management
priorities
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Final Report

+ Final Report
E NPA Wind Integration Study to be published November 2009

+ Further Study in Nebraska
E More development of operational impacts of wind integration
E Detailed Transmission Studies: Collector Systems and Interstate Transmis
E Land use study for siting of wind turbines and transmission lines
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Questions?
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