
















































































































































































Appendix C

Delta (1Hr) State

2003 Aug Load(MW) | Wind (MW)] Load -Wind (MW)
Mean -2.15 -0.67 -1.49
Standard Error 36.61 5.21 38.77
Median -7.00 3.00 4.70
Mode -386.00 39.00 #N/A
Standard Deviation 998.04 141.97 1,056.71
Sample Variance 996,079.48] 20,156.05 1,116,642.49
Kurtosis 6.65 2.25 5.73
Skewness -0.66 -0.12 -0.65
Range 12,514.00 1,093.80 12,527.20
Minimum -8,555.00 -548.30 -8,824.70
Maximum 3,959.00 545.50 3,702.50
Sum -1,601.00 -495.90 -1,105.10
Count 743.00 743.00 743.00
Delta (1Hr)

Superzone (a-e)

2003 Aug Load(MW) | Wind (MW)| Load -Wind (MW)
Mean -1.02 -0.35 -0.67
Standard Error 10.73 3.95 12.26
Median -4.00 0.00 -4.80
Mode -75.00 0.00 464.20
Standard Deviation 292.48 107.70 334.31
Sample Variance 85,541.66] 11,599.22 111,764.48
Kurtosis 6.71 4.09 4,99
Skewness -0.76 0.14 -0.67
Range 3,656.00 949.40 3,900.40
Minimum -2,498.00 -434.20 -2,706.80
Maximum 1,158.00 515.20 1,193.60
Sum -758.00 -261.20 -496.80
Count 743.00 743.00 743.00
Delta (1Hr) Zone K

2003 Aug Load(MW) | Wind (MW)] Load -Wind (MW)
Mean -0.22 -0.33 0.11
Standard Error 6.89 2.66 7.81
Median -2.00 -0.10 6.80
Mode -18.00 0.00 -278.00
Standard Deviation 187.83 72.64 213.02
Sample Variance 35,281.93 5,275.97 45,376.30
Kurtosis 2.47 9.22 1.36
Skewness -0.45 -0.02 -0.39
Range 1,848.00 939.70 1,888.90
Minimum -1,318.00 -494.60 -1,338.20
Maximum 530.00 445.10 550.70
Sum -164.00 -245.10 81.10
Count 743.00 743.00 743.00
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C.2 Hourly Variability Statistics for Rapid Load Rise Periods

2001-2003 Jun-Sep
7AM-9AM

Load 1hr delta

Wind 1hr delta

Load-Wind 1hr delta

Mean 1,431.12 -41.42 1,472.54
Standard Error 17.96 4.28 18.43
Median 1,500.00 -41.75 1,542.55
Mode 1,797.00 -105.50 1,798.70
Standard Deviation 595.04 141.70 610.54
Sample Variance 354,076.69 20,079.63 372,763.26
Kurtosis -0.11 1.06 -0.05
Skewness -0.68 0.23 -0.65
Range 2,717.00 1,136.00 3,109.90
Minimum -142.00 -517.00 -353.90
Maximum 2,575.00 619.00 2,756.00
Sum 1,571,372.00 -45,476.50 1,616,848.50
Count 1,098.00 1,098.00 1,098.00

2001-2003, Dec-

Mar, 4PM-6PM Load 1hr delta | Wind 1hr delta | Load-Wind 1hr delta
Mean 551.84 -97.86 649.69
Standard Error 17.41 4.70 18.19
Median 367.50 -86.00 501.00
Mode 987.00 -18.40 360.60
Standard Deviation 575.29 155.27 601.09
Sample Variance 330,960.84 24,109.60 361,303.24
Kurtosis -0.82 1.00 -0.70
Skewness 0.62 -0.15 0.56
Range 2,623.00 1,314.60 3,185.40
Minimum -536.00 -766.90 -688.70
Maximum 2,087.00 547.70 2,496.70
Sum 602,604.50 -106,857.80 709,462.30
Count 1,092.00 1,092.00 1,092.00
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4/12/2003 zone_a| zone_b| zone_c| zone_d| zone_e| zone f| zone_g| zone_h| zone_l| zone_j| zone_k|superzone(A-E) state
00:05 - 23:59 P-P(RA)[ P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-A(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA) P-P(RA)| P-P(RA)
Mean -0.23 -0.07 -0.16 0.01 -0.08 -0.14 -0.09 -0.05 -0.03 -0.22 -0.14 -0.54 -1.21
Standard Error 0.13 0.06 0.13 0.08 0.11 0.12 0.07 0.05 0.05 0.10 0.05 0.21 0.31
Median -0.74 0.84 0.40 0.00 -0.14 -0.06 -0.08 -0.06 -0.02 -0.68 -0.60 -0.46 -2.52
Mode -3.04 2.24 -2.90 0.00 -4.76 0.52 -0.72 -1.82 -1.02 5.70 -0.12 -1.74 -2.30
Standard Deviation 15.79 7.31 15.00 9.40 13.35 14.67 8.79 5.93 6.58 12.31 6.52 25.34 36.78
Sample Variance 249.36 53.45 22513 88.30 178.11 215.32 77.32 35.15 43.24 151.63 42.47 642.10| 1352.84
Kurtosis 2.04 9.55 0.62 8.05| 403.55| 384.50 3.20 4.16 2.56 1.03 0.43 35.08 2.78
Skew ness 0.35 -2.14 -0.31 0.24 14.02 -9.07 -0.12 0.54 -0.29 0.17 0.37 2.36 0.28
Range 178.60| 132.58| 152.74| 15242 492.16| 782.46| 156.22 74.80 76.34] 136.58 55.52 504.12 640.56
Minimum -69.26| -95.44| -74.04| -64.84| -108.62| -389.60| -95.02| -25.98| -44.98] -80.78| -28.38 -115.44| -239.98
Maximum 109.34 37.14 78.70 87.58| 383.54| 392.86 61.20 48.82 31.36 55.80 27.14 388.68 400.58
Sum -3259.82| -1054.42| -2339.52 93.34| -1161.26( -1994.68( -1359.00] -692.28| -404.82| -3179.44| -1964.94 -7721.68|-17316.84
Count 14349.00( 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00 14349.00( 14349.00
8/1/2003 zone_a| zone_b| zone_c| =zone_d| zone_e| zone_f| zone_g| zone_h zone_| zone_j| zone_k| superzone(A-E) state
00:05 - 23:59 P-P(RA)| P-P(RA)| P-P(RA)] P-P(RA)[ P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)[ P-P(RA)| P-P(RA) P-P(RA)| P-P(RA)
Mean -0.04 -0.09 -0.16 -0.03 -0.06 -0.25 0.10 0.06 0.14 0.82 0.52 -0.39 1.01
Standard Error 0.11 0.04 0.08 0.07 0.06 0.08 0.09 0.03 0.08 0.16 0.08 0.17 0.37
Median 0.18 -0.10 -0.08 -0.06 0.04 -0.28 0.14 -0.02 -0.26 -0.58 0.12 -0.22 -0.68
Mode 1.48 -0.20 1.92 -3.08 -2.48 -2.26 -1.00 -0.86 -1.22 -2.00 3.36 -2.26 0.64
Standard Deviation 12.78 4.58 9.11 8.86 7.39 9.47 11.28 3.55 9.02 19.06 9.52 20.16 44.08
Sample Variance 163.37 20.99 83.00 78.57 54.56 89.74| 127.32 12.61 81.41| 363.34 90.63 406.58| 1943.16
Kurtosis 1.55 3.54 0.73 6.29 2.37 55.11 138.33 2.37| 526.24 28.15 2.10 0.39 0.68
Skew ness -0.14 0.28 -0.19 -0.42 0.18 1.82 3.69 0.21 11.73 -1.02 0.22 -0.07 0.32
Range 161.28 85.72 99.10| 136.86| 102.90|] 309.06] 522.00 61.10| 496.88] 564.92| 112.50 186.58| 598.80
Minimum -83.90| -23.30[ -60.88] -79.90| -44.34| -139.08| -109.40| -26.78| -45.58| -457.88| -58.64 -96.46| -231.00
Maximum 77.38 62.42 38.22 56.96 58.56 169.98 412.60 34.32 451.30 107.04 53.86 90.12 367.80
Sum -630.18| -1347.80[ -2308.16] -369.88| -879.84| -3553.40| 1467.68| 856.28| 2066.14| 11767.92 7412.08 -5535.86| 14480.84
Count 14349.00( 14349.00( 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00( 14349.00 14349.00| 14349.00
8/9/2003 zone_a| zone_b| =zone_c| zone d| zone_e| =zone_f| zone_g| zone_h| zone_l| zone_j| zone_k|superzone(A-E) state|
00:05 - 23:59 P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)[ P-P(RA)| P-P(RA)| P-P(RA) P-P(RA)| P-P(RA)
Mean -0.17 -0.08 -0.17 0.00 -0.02 -0.07 0.00 0.03 0.04 -0.34 0.07 -0.44 -0.71
Standard Error 0.11 0.04 0.14 0.07 0.06 0.08 0.08 0.03 0.06 0.13 0.07 0.20 0.35]
Median -0.18 -0.08 0.22 -0.08 0.10 0.02 0.00 0.00 -0.06 -0.82 -0.40 -0.46 -2.72
Mode -1.50 -2.24 -1.06 -2.16 -3.46 -2.94 1.82 0.50 1.44 -3.22 -4.98 2.58 -15.88|
Standard Deviation 12.89 4.42 1714 8.13 7.19 9.66 9.47 3.99 6.97 15.62 8.92 2415 41.98]
Sample Variance 166.03 19.55| 293.94 66.04 51.76 93.24 89.66 15.95 48.60| 244.02 79.50 583.32| 1762.29
Kurtosis 9.85 0.44 7.46 9.50 1.25 14.44 6.77 1.52 2.85 3.20 4.28 3.44 0.79]
Skew ness 0.19 -0.03 0.61 -0.39 -0.01 0.02 0.18 -0.03 0.25 -0.13 0.63 0.32 0.31
Range 246.22 43.20] 231.30[ 155.10 87.30| 234.68| 176.12 58.04 89.22| 22856| 119.98 324.54 392.68
Minimum -117.36 -22.02 -85.66 -85.92 -36.66| -102.74 -70.64 -31.56 -38.86| -112.84 -54.64 -142.00( -170.80)
Maximum 128.86 21.18 145.64 69.18 50.64 131.94 105.48 26.48 50.36 115.72 65.34 182.54 221.88
Sum -2375.40| -1204.62| -2397.94| -43.34| -290.52| -1011.90|] -21.98| 478.70] 555.64| -4815.70| 935.94 -6311.82[-10191.12
Count 14349.00| 14349.00| 14349.00( 14349.00( 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00 14349.00| 14349.00
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10/1/2003 zone_a| zone_b| zone_c| zone_d| zone_e| zone_f| zone_g| zone_h zone_l| zone_j| zone_k| superzone(A-E) state
00:05 - 23:59 P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA) P-P(RA)| P-P(RA)
Mean 0.05 0.02 0.01 0.04 0.01 0.01 0.04 0.01 0.03 0.06 0.08 0.13 0.37
Standard Error 0.12 0.04 0.11 0.07 0.06 0.27 0.27 0.03 0.09 0.16 0.07 0.20 0.39
Median -0.02 -0.04 0.86 -0.10 -0.06 -0.38 0.38 0.02 -0.16 -0.82 -0.14 -0.14 -0.76
Mode -0.96 1.66 1.92 -2.72 2.24 -0.78 -0.44 1.68 -3.22 -5.30 2.04 3.10 -1.82
Standard Deviation 14.44 5.34 13.14 8.30 7.15 32.76 31.94 3.82 10.55 18.78 8.92 23.70 47.29
Sample Variance 208.48 28.47 172.68 68.89 51.07] 1073.40| 1020.11 14.58 111.36 352.61 79.62 561.57| 2236.18|
Kurtosis 1.77 6.16 1.44 6.13 2.75 410.34 457.41 3.90 6.23 2.83 80.36 1.1 0.98
Skew ness 0.11 -0.37 -0.48 0.27 0.18 15.84| -17.34 0.33 -0.23 0.10 -2.67 0.20 0.18
Range 177.64 82.20( 107.68| 150.80( 116.86] 1119.40| 1113.50 63.12| 169.68| 259.16| 309.84 214.78| 467.20
Minimum -83.58 -49.22 -57.22 -61.22 -53.00f -239.78| -886.78 -19.72 -106.86| -134.70( -266.46 -101.52| -274.16
Maximum 94.06 32.98 50.46 89.58 63.86| 879.62| 226.72 43.40 62.82| 124.46 43.38 113.26] 193.04
Sum 755.02 277.88 127.22 594.46 72.58 118.14 583.16 206.44 422.50 930.00| 1162.16 1827.16| 5249.56
Count 14349.00| 14349.00( 14349.00| 14349.00( 14349.00| 14349.00( 14349.00( 14349.00| 14349.00| 14349.00| 14349.00 14349.00( 14349.00
10/18/2003 zone_a| zone_b| zone c| zone_d| zone_e| zone_f| zone_g| zone_h zone_l| zone_j| zone_k| superzone(A-E) state
00:05 - 23:59 P-P(RA)[ P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)| P-P(RA)[ P-P(RA)| P-P(RA)| P-P(RA)[ P-P(RA)| P-P(RA) P-P(RA)[ P-P(RA)
Mean -0.15 0.00 0.00 0.04 0.00 0.23 -0.06 0.06 0.03 -0.01 0.05 -0.11 0.19
Standard Error 0.13 0.04 0.13 0.07 0.06 0.08 0.08 0.03 0.07 0.11 0.06 0.20 0.32
Median 0.06 0.08 1.26 0.00 0.00 0.28 -0.24 0.08 -0.02 -0.26 -0.16 0.26 -1.10
Mode 0.74 0.26 0.80 -0.86 0.36 0.06 0.70 0.56 1.14 11.30 -2.48 -0.88 -1.64
Standard Deviation 16.07 4.82 15.24 8.35 6.76 9.97 9.78 3.46 8.68 12.94 7.33 23.88 38.14
Sample Variance 258.25 23.22 232.31 69.64 45.72 99.36 95.61 11.97 75.33 167.39 53.69 570.21| 1454.93
Kurtosis 5.02| 784.93 0.46 21.52 10.84| 138.59 24.58 28.09 6.59 247 0.89 1.14 1.04
Skew ness -0.38 15.24 -0.45 -1.32 0.71 -3.05 0.34 -1.42 -0.06 0.47 0.17 -0.18 0.02
Range 273.96 330.52 141.16 199.38 169.52 442.40 375.20 106.08 165.50 181.80 81.08 297.62| 412.82
Minimum -157.72| -57.24| -87.90| -152.20| -58.56| -245.96| -171.16] -81.16| -96.98| -58.98| -43.54 -150.28| -233.84
Maximum 116.24 273.28 53.26 47.18 110.96 196.44 204.04 24.92 68.52 122.82 37.54 147.34 178.98
Sum -2100.42 -1.00 29.08| 53450 -51.74| 3240.28| -906.96| 840.96| 499.42| -94.80( 729.04 -1589.58| 2718.36
Count 14349.00( 14349.00( 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00| 14349.00( 14349.00 14349.00| 14349.00
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Appendix D. Wind Turbine-Generator (WTG) Models

This appendix contains a discussion of appropriate wind turbine-generator models for both
steady-state and stability analyses. Significant technology-dependent differences between types
of WTGs are also discussed, as well as the specific dynamic WTG models added to the databases
provided by NYISO and used in the stability analysis.

D.1 WTG Technology

There are three classes of WTGs described in the “Technical Characteristics” documentl] stall
regulated, scalar controlled and vector controlled. Of these three types, only vector controlled
WTGs have the inherent ability to control reactive power output from the generator, and therefore
to regulate voltage. For the other types of WTGs, additional equipment, such as mechanically
switched capacitors, are required to compensate the generator reactive power consumption and to
meet the reactive power needs of the host grid. In applications with relatively weak systems,
wind farms with these types of machines may require the addition of fast-acting solid-state

reactive power equipment to meet the voltage regulation requirements.

The power factor range of a wind farm is a function of the characteristics of the component
WTGs, the collector system and other equipment in the farm. From a systems perspective, the
available power factor range as measured at the POI is important. In the U.S., most wind farm
interconnection agreements specify a required power factor range. In many cases, the power
factor range requirement is determined by the particular needs of the site (i.e., grid characteristics
at the POI). The emerging consensus in the U.S. on required power factor range appears to be

headed toward + 0.95.

D.2 Steady-State WTG Models

For steady-state studies, a wind farm may be represented as a single equivalent generator
connected either directly to the interconnection bus or via a transformer. The need for a
transformer model depends on the type of analysis to be performed. For screening level studies,

it is not necessary. For detailed system impact studies, a transformer model is recommended.

The capabilities of the entire wind farm may be represented in the equivalent generator, making
the model technology-independent. It is recommended that a power factor range of +/-0.95 and
voltage regulation capability be assumed for all wind farms. Depending upon the application, the

power factor range may be extended, and the regulated bus may be either the terminal bus of
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transmission level interconnection bus. Whether the reactive power capability and voltage
regulation are inherent in the WTGs themselves or provided by auxiliary equipment (e.g.,
mechanically switched capacitors or static var compensator) is irrelevant for a strictly steady-state
study. However, if the power flow developed for the steady-state analysis will also be used in a
stability analysis, any auxiliary equipment that provides either reactive power range or voltage

regulation capability should be modeled separately.

The recommendation that wind farms be represented as a single equivalent does not mean that
details within the farm are unimportant to the wind farm design. However, it is incumbent on the
wind farm designer, and not the host utility or NYISO, to ensure that the wind farm is designed to
satisfy power factor and voltage requirements at the point of interconnection. Thus, detailed
representation of collection feeders and individual wind turbines is neither required nor

appropriate for power system studies.
The equivalent generator may be represented by the following generator data:
Base MVA = Maximum Power Output of Wind Farm
Pmax = Maximum Power Output of Wind Farm
Qmax/Qmin = +/- 0.95 power factor
Voltage Regulation = Either Terminal or Point of Interconnection Bus

If data is not available for the interconnection transformer, the following data represents

reasonable assumptions:
Rated MVA = 1.2 * Maximum Power Output of Wind Farm
Base MVA = Maximum Power Output of Wind Farm
Reactance = 0.10pu on Base MVA
X/R Ratio =50

Low-side Voltage Level = 34.5kV
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D.3 Dynamic WTG Models

For a stability analysis of the impact of wind generation, standard system fault disturbances can
be examined, as for any other type of generation. The transient and dynamic stability of wind
farms is generally superior to conventional generation. In the case of vector controlled type
WTGs, it is essentially impossible for the machines to exhibit first swing or transient instability.
In this regard, transient stability analysis of wind farms can be quite uninteresting. However,
incremental power transfer resulting from added generation (of any type) can create stability
problems, and must be examined. One important consideration for stability analysis of wind
farms is to examine the vulnerability of the farm to tripping due to low voltages. The LVRT
characteristics of the WTGs in a farm will tend to dominate performance evaluations, and should
always be confirmed with the developer and/or equipment supplier before performing system

studies.

For stability studies, a wind farm may also be represented as a single equivalent WTG connected
to the interconnection bus via a transformer. However, any auxiliary equipment that provides
either reactive power range or voltage regulation capability should be modeled separately in the
power flow used to set initial conditions for the stability analysis. Then appropriate dynamic
models (e.g., mechanically switched capacitor or static var compensator) can be associated with

that equipment.

The block diagrams and associated data for dynamic WTG models used in the stability analysis

for this study are shown in the following sections. All are PSLF models.

D.3.1 Vector Controlled WTG

Block diagrams for the generator, excitation and turbine models appropriate for representing a

vector controlled WTG, such as GE’s 1.5MW machine, are shown in Figure D-1] Figure D-2] and
respectively. The data associated with these models, including parameter identifier,
value and description, are shown in [Cable D-1] [Table D-2] and [Table D-3respectively.

Note that there is more data shown in [[able D-1 |than can be observed in the associated figure
(. The parameter X shown in the figure is equivalent to the parameter Ipp in the
table. The remaining data shown in the table is related to voltage trip thresholds and timers, and

is not shown in the figure.
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Parameter | Value @ Description

Tr 0.05 | WindVar voltage measurement lag time constant, sec
Tv 0.15 | WindVar regulator lag time constant, sec

Kpv 20. WindVar regulator proportional gain

Kiv 2. WindVar regulator integral gain

Vi1 0 First low voltage limit, pu

Vhl 0 First high voltage limit, pu

Ti1 0 First low voltage time, sec

T12 0 Second low voltage time, sec

Thl 0 First high voltage time, sec

Th2 0 Second high voltage time, sec

Ql1 0 First low voltage Q command, pu

Q12 0 Second low voltage Q command, pu

QI3 0 Third low voltage Q command, pu

Qhl 0 First high voltage Q command, pu

Qh2 0 Second high voltage Q command, pu

Qh3 0 Third high voltage Q command, pu

Vhyst 0.05 | Voltage hysteresis, pu

pfflag 0 1 = regulate power factor angle; 0 = regulate Q
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MAPS Program Description

Multi-Area Production Simulation (MAPS)

. MAPS’ Unique Capabilities

MAPS is a highly detailed model that calculates hour-by-hour production costs while
recognizing the constraints on the dispatch of generation imposed by the transmission system.
When the program was initially developed over twenty years ago, its primary use was as a
generation and transmission planning tool to evaluate the impacts of transmission system
constraints on the system production cost. In the current deregulated utility environment, the
acronym MAPS may more also stand for Market Assessment & Portfolio Strategies because
of the model’s usefulness in studying issues such as market power and the valuation of
generating assets operating in a competitive environment.

The unique modeling capabilities of MAPS use a detailed electrical model of the entire
transmission network, along with generation shift factors determined from a solved ac load
flow, to calculate the real power flows for each generation dispatch. This enables the user to
capture the economic penalties of redispatching the generation to satisfy transmission line
flow limits and security constraints.

Separate dispatches of the interconnected system and the individual companies’ own load and
generation are performed to determine the economic interchange of energy between
companies. Several methods of cost reconstruction are available to compute the individual
company costs in the total system environment. The chronological nature of the hourly loads
is modeled for all hours in the year. In the electrical representation, the loads are modeled by
individual bus.

In addition to the traditional production costing results, MAPS can provide information on the
hourly spot prices at individual buses and on the flows on selected transmission lines for all
hours in the year, as well as identifying the companies responsible for the flows on a given
line.

Because of its detailed representation of the transmission system, MAPS can be used to study
issues that often cannot be adequately modeled with conventional production costing
software. These issues include:

GE Energy -1-
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Table 1

Market Structures — MAPS is being used extensively to model emerging market
structures in different regions of the United States. It has been used to model the
New York, New England, PJM and California ISOs for market power studies,
stranded cost estimates, and project evaluations.

Transmission Access — MAPS calculates the hour spot price ($/MWh) at each bus
modeled, thereby defining a key component of the total avoided cost that is used in
formulating contracts for transmission access by non-utility generators and
independent power producers.

Loop Flow or Uncompensated Wheeling — The detailed transmission modeling
and cost reconstruction algorithms in MAPS combine to identify the companies
contributing to the flow on a given transmission line and to define the production
cost impact of that loading.

Transmission Bottlenecks — MAPS can determine which transmission lines and
interfaces in the system are bottlenecks and how many hours during the year these
lines are limiting. Next, the program can be used to assess, from an economic point
of view, the feasibility of various methods, such as transmission line upgrades or the
installation of phase-angle regulators for alleviating bottlenecks.

Evaluation of New Generation, Transmission, or Demand-Side Facilities —
MAPS can evaluate which of the available alternatives under consideration has the
most favorable impact on system operation in terms of production costs and
transmission system loading.

Power Pooling — The cost reconstruction algorithms in MAPS allow individual
company performance to be evaluated with and without pooling arrangements, so
that the benefits associated with pool operations can be defined.

shows how MAPS models the bulk power system and yields an accurate through-time

simulation of system operation.

Table 1
MAPS Models the Bulk Power System

Generation Transmission Loads Transactions
— Detailed — Tracks Individual — Chronological by — Automatic
Representation Flows Bus Evaluation
— Secure Dispatch — Obeys Real Limits - Varying Losses  — Location Specific
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Il. Modeling Capabilities

MAPS has evolved to study the management of a power system’s generation and transmission

resources to minimize generation production costs while considering transmission security.

The modeling capabilities of MAPS are summarized below:

GE Energy

Time Frame — One year to several years with ability to skip years.
Company Models — Up to 175 companies.

Load Models — Up to 175 load forecasts. The load shapes can include all 365 days
or automatically compress to a typical week (seven different day shapes) per month.
The day shapes can be further compressed from 24 to 12 hours, with bi-hourly loads.

Generation — Up to 7,500 thermal units, 500 pondage plants, 300 run-of-river
plants, 50 energy-storage plants, 15 external contracts, 300 units jointly owned, and
2,000 fuel types. Thermal units have full and partial outages, daily planned
maintenance, fixed and variable operating and maintenance costs, minimum down-
time, must-run capability, and up to four fuels at a unit.

Network Model — 30,000 buses, 60,000 lines, 100 phase-angle regulators and 10
multi-terminal High-Voltage Direct Current lines. Line or interface transmission
limits may be set using operating nomograms as well as thermal, voltage and
stability limits. Line or interface limits may be varied by generation availability.
Transmission losses may vary as generation and loads vary, approximating the ac
power flow behavior, or held constant, which is the usual production simulation
assumption.

Marginal Costs — Marginal costs for an increment such as 100 MW can be
identified by running two cases, one 100 MW higher, with or without the same
commitment and pumped-storage hydro schedule. A separate routine prepares the
cost difference summaries. Hourly bus spot prices are also computed.

Operating Reserves — Modeled on an area, company, pool and system basis.

Secure Dispatch — Up to 5,000 lines and interfaces and nomograms may be
monitored. The effect of hundreds of different network outages are considered each
study hour.

Report Analyzer — MAPS allows the simulation results to be analyzed through a
powerful report analyzer program, which incorporates full screen displays,
customizable output reports, graphical displays and databases. The built-in
programming language allows the user to rapidly create custom reports.
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e Accounting — Separate commitment and dispatches are done for the system and for
the company own-load assumptions, allowing cost reconstruction and cost splitting
on a licensee-agreed basis. External economy contracts are studied separately after
the base dispatch each hour.

¢ Bottom Line — Annual fuel plus O&M costs for each company, fuel consumption,
and generator capacity factors.

lll. MAPS Applications

The program’s unique combination of generation, transmission, loads and transaction details
has broadened the potential applications of a production simulation model. Since both
generation and transmission are available simultaneously with MAPS, the user can easily
evaluate the system and company impacts of non-utility generation siting and transmission
considerations.

In addition to calculating the usual production cost quantities, MAPS is able to calculate the
market clearing prices (marginal costs or bus spot prices) at each load and generation bus
throughout the system. For the load buses, the price reflects the cost of generating the next
increment of energy somewhere on the system, and the cost of delivering it from its source of
generation to the specific bus. Because the production simulation in MAPS recognizes the
constraints imposed by the transmission system, the market clearing prices include the costs
associated with the incremental transmission losses as well as the costs incurred in
redispatching the generation because of transmission system overloads. Figure 1 shows the

35.00
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Figure 1. Market clearing prices vary with time and location.
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resulting in the generation dispatch being constrained by scheduled rather than actual physical
limits. This is important in identifying the contract paths that have available transfer
capability and could be used to deliver power from potential new development sites.

IV. Production Costing

MAPS models the system chronologically on an hourly basis, dispatching the generation to
serve the load for all hours in a year. As a result, MAPS captures the diversity that may exist
throughout the system, and accurately models resources such as energy storage and demand-
side management.

Load Data

The hourly load data is input to the program in EEI (Edison Electric Institute) format for each
load forecast area. These hourly load profiles are then adjusted to meet the peak and energy
forecasts input to the model on a monthly or annual basis. To accurately calculate the
electrical flows on the transmission system, MAPS requires information on the hourly loads at
each bus in the system. This is specified by assigning one, or a combination of several hourly
load profiles to each load bus.

In addition to studying all the hours in the year, MAPS can study all the days in the year on a
bi-hourly basis, or a typical week per month on an hourly or bi-hourly basis. With these
modeling options, MAPS simulates the loads in chronological order and does not sort them
into load duration curves.

Thermal Unit Characteristics

Essentially all the thermal unit characteristics input to MAPS can be changed on a weekly,
monthly or annual basis. The following are the characteristics that can be modeled:

e Each unit can have up to seven loading segments (power points).

e Generating units can burn a blend of up to three fuel types in addition to the start-up
fuel. The percentage of each fuel burned can vary by unit power point. Minimum
fuel usage and maximum fuel limits are modeled and enforced on a monthly basis.
If the maximum fuel limit is reached, the affected units will be switched to an
alternate fuel.

e MAPS models fixed O&M in $/kW/year and variable O&M in $/MWh and $/fired
hour. The user controls whether the variable O&M is included in determining the
order for unit commitment and dispatch. A separate bidding adder in $/MWh can
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also be input for each unit. This cost is added to the costs used to determine the
commitment and dispatch order of the units, but is ignored when computing actual
unit costs.

MAPS calculates start-up costs as a function of the number of hours that the unit has
been off-line. The user can specify whether the start-up should be included in the
full-load costs used to determine the order in which the units are committed.

In the unit commitment process, MAPS models the minimum downtime and uptime
on thermal units. Units can also be identified as must-run with the user specifying
that the entire unit is must-run, or only the minimum portion, with the remainder of
the unit committed on an economic basis as needed.

MAPS allows the user to specify the portion of each thermal unit that can be counted
toward meeting the load plus spinning reserve requirements, and the portion that can
be considered as quick-start capacity. A spinning reserve credit can also be taken
for unused pondage hydro and energy-storage generating capacity.

Full and partial forced outage information is specified to MAPS in terms of forced
outage rates.

Maintenance can be specified on a daily basis for any number of maintenance
periods during the year. The user can also identify units as unavailable for specific
hours during the day.

The thermal generating units bid into the system at their costs, based on fuel prices,
O&M and emission costs, bid adders, and heat rates. Alternatively, the user can
input the bid price in $/MWh by unit power point. This price will then be used in
the commitment and dispatch to determine the way in which the units operate.

MAPS allows all types of generating units (thermal, pondage, and energy storage) to
be owned by more than one company in a multi-utility simulation. The output and
cost of these units are allocated to the owning companies based on the user-specified
percentages.

Nearly all unit characteristics including rating, heat rates, and costs, can change on a
weekly basis.



MAPS Program Description

Models for Production Costing

The following sections describe various portions of the production simulation process in
MAPS.

Hydro and energy-storage scheduling - MAPS offers three distinct representations for
modeling hydro plants: hourly modifiers, pondage modifiers or energy-storage devices. This
flexibility allows the program to accurately model each hydro plant based on its operating
characteristics.

Hourly modifiers allow the user to specify the actual hour-by-hour operation of the plant in
MW. This data can be specified for the 168 hours of a typical week of operation, with the
option to change this data on a monthly basis. Alternatively, the hourly operation for the
entire year (8,760 or 8,784 hours) can be input. This feature can also be used to model firm
company transactions that can be specified on an hourly basis.

Hydro plants can also be modeled as pondage modifiers. Each pondage modifier is defined
by a monthly minimum and maximum capacity (MW) and a monthly available energy
(MWh). The minimum capacity is base-loaded for all hours in the month, representing the
run-of-river portion of the plant. The remaining capacity and energy are scheduled in a peak-
shaving or valley-filling mode over the month. The user identifies the specific load shape to
use for scheduling the plant; options include the system load, combinations of selected
company loads, or combinations of selected area loads. If several pondage units are located at
sequential dams on the same river, they can be scheduled as a group to coordinate the
operation of the units.

MAPS allows the user to develop scenarios for different water conditions (e.g., low, average,
or high stream flows) through simple modifications to the available energy specified for the
pondage modifiers.

For energy-storage devices, which include pumped-storage hydro and batteries, MAPS
automatically schedules the operation based on economics and the characteristics of the
storage device. The characteristics specified include the charging (or pumping) and
generating ratings, the maximum storage capacity in MWh, the full-cycle efficiency (which
recognizes losses in the pump/generate cycle), and the scheduling period (daily or weekly).
The program examines the initial thermal unit commitment to develop a cost curve for the
week. This cost curve is then combined with the appropriate chronological load profile to
develop an hourly schedule, which minimizes costs without violating the storage constraints.
This schedule is locked-in and the thermal unit commitment process is repeated to develop the
final commitment schedule.
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For all three hydro representations, the user also specifies the ownership of the plant, energy
costs in $/MWh, and the transmission system bus or buses at which the plant is located. For
each hourly modifier and pondage plant, you can also specify an economic dispatch price in
$/MWh. If, during the dispatch of the thermal generation, the spot price at the unit’s bus
drops below the specified value, the unit’s output will be backed down to its minimum rating
(or 0 in the case of hourly modifiers) and the energy will be shifted to hours later in the week
when the spot price is higher.

Dispatchable load management and non-dispatchable renewable - MAPS can model some
types of dispatchable DSM and load control as thermal generating units with the appropriate
characteristics and costs. Load management strategies such as batteries or thermal energy
storage can be modeled as energy-storage devices.

MAPS models non-dispatchable DSM and load control and renewables such as photovoltaic
or wind energy as hourly modifications to the load. This modification can be specified for the
168 hours of a typical week, with the option to change this data on a monthly basis, or by
specifying the data for the entire year (8,760 or 8784 hours).

The generating units used to represent DSM, load control, and renewables can be assigned to
the appropriate areas and buses throughout the system to accurately capture the dispersed
nature of such resources.

Maintenance scheduling - The unit planned outages can be specified by the user, in terms of
the starting and stopping dates of the maintenance period, or automatically scheduled by the
program. If being scheduled by the program, the maintenance requirements can be specified
as weeks of maintenance or a planned outage rate. The program schedules the maintenance
on a weekly basis so as to levelize reserves (the difference between installed capacity and the
sum of load plus MW on maintenance) on an area, company, pool, or system basis.

Forced outages - MAPS models the forced outages through either a Monte Carlo or recursive
convolution approach. In the Monte Carlo approach, the forced outages on generating units
are modeled through the use of random outages. This method is stochastic over the course of
the entire year and results in the units being on forced outage for randomly selected periods
during the year. The total outage time for each unit is determined by the forced outage rate,
and the duration of each outage period, also known as the “mean-time-to-repair,” can be
specified by unit in days. Partial outages on the generating units can also be modeled, on a
weekly basis. The random outage method permits accurate treatment of forced outages over
the course of the year while allowing each hour to be deterministically dispatched, thus
providing for the most accurate treatment of transmission limits when operating with the
detailed electrical representation.

GE Energy -9-



MAPS Program Description

MAPS also has the capability of using the more traditional recursive convolution technique
when run in the transportation mode. This technique convolves the forced outages of the units
with the loads to develop an equivalent load curve each hour, allowing the calculation of
expected output for each of the generating units. In this manner, a unit with a 10% forced
outage rate will have a 10% probability of being unavailable for each hour of the year. This
methodology is not compatible with the more detailed transmission constrained logic, but can
be used with the transportation model and the transfer limits between areas.

Hourly commitment and dispatch - The objective of the commitment and dispatch
algorithms in MAPS is to determine the most economic operation of the generating units on
the system, subject to the operating characteristics of the individual generating units, the
constraints imposed by the transmission system, and other operational considerations such as
operating and spinning reserve requirements. The economics used for commitment and
dispatch can be adjusted through the use of penalty factors that can move a unit within the
commitment and dispatch ordering.

MAPS models the system chronologically on an hourly basis, committing and dispatching the
generation to serve the load for all hours of the year. The unit commitment process in MAPS
begins by developing a priority list of the available thermal units based on their full-load
operating costs. The full-load cost is calculated from the fuel price and full-load heat rate,
and can optionally include the variable O&M costs, start-up costs, and a bid adder.
Alternatively, the full-load cost can be based on the bid prices that were input by unit section.
This priority ordering of the thermal units is used for the entire week.

The units are then committed in order of increasing full-load costs to meet the load plus
spinning reserve requirements on an hourly basis, recognizing transmission constraints. This
preliminary commitment for the entire week is then checked to see if any units need to be kept
on-line because of minimum downtime or minimum run-time constraints.

One potential shortcoming of this process is that baseload units, which tend to be committed
first because of their lower full-load costs, may be committed for just a few hours during the
week to meet load plus spinning reserve, but are then kept on-line, usually at part-load,
because of the minimum downtime constraints. Consequently, the average cost of these units
over the course of the week is much higher than the full-load costs that were used in
determining their commitment ranking. A more economic commitment might be obtained by
skipping over these units and committing intermediate or peaking units, that while they have a
higher full-load cost, they can be more easily cycled from hour to hour.

The multi-pass unit commitment option is designed to commit the units based on their
expected operating costs rather than their full-load costs. This is accomplished by doing the
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commitment in up to four passes and adjusting the daily priority costs of those units that are
not committed for a specified number of hours during the day. The cost adjustment is based
on the unit type (i.e., baseload, intermediate, or peaking) and an input number of hours at full,
part, and minimum load operation. The type for each unit is determined from the unit’s
minimum downtime and input cutoff values for the minimum downtimes of baseload and
peaking units. Any unit whose minimum downtime falls between these cutoff values will be
modeled as an intermediate unit.

Upon completion of the commitment process for the week, the program begins the dispatch
process. All of the committed units are loaded to their minimum power point, and then the
program dispatches the remaining unit sections, in order of increasing incremental cost, to
meet the hourly bus loads, once again recognizing the constraints imposed by the transmission
system and other user-specified operating considerations.

Operational constraints - In MAPS, the production simulation is formulated as a linear
programming (LP) problem where the objective function is to minimize the production costs
subject to electrical and business constraints. MAPS models each security constraint as a
single constraint in the LP formulation. MAPS derives these constraints from the production
costing input data (for example, identified must-run units and minimum down-time for
generation units) and from user-specified operating nomograms, such as those often used by
system operators to represent voltage and transient stability limits. MAPS monitors the flows
on individual transmission lines and interfaces on an hourly basis to ensure that the line or
interface limits, or other security constraints such as import limits, are not violated while
dispatching the generation system.

MAPS can also consider other user-specified contingencies such as the tripping of lines or
groups of lines, or the tripping of load or generation at specified buses. The final generation
dispatch developed by MAPS will be secure in the sense that the system will be operating
within all its limits even under the contingency conditions.

Operating and spinning reserves - During both the unit commitment and dispatch, MAPS
models operating reserve requirements for areas, companies, pools, and the entire system.
The operating reserves are calculated based on a percentage of the load, a fixed MW reserve,
and a percentage of continuous rating of the largest committed unit.

The total operating reserves can be met by a combination of quick-start reserves (units not
actually running but which can be brought on line very quickly) and spinning reserves. The
portion of operating reserves that can be met by quick-start reserves can be specified by area,
company, pool, or system. The user identifies which units have quick-start capability.
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A spinning reserve credit can be taken for unused generation from energy-storage units. The
user can also specify the portion of each committed thermal unit that can be applied toward
the spinning reserve requirements.

Emissions - MAPS models two general types of emissions. The first type of emission is a
function of the amount of fuel being used. This type would typically be used to model sulfur
and particulate emission. The second type of emission is a function of the unit operation, but
is not directly related to the amount of fuel. This type could be used to model NOx emissions,
which can decrease with increased power output.

In addition to the emission rates modeled by fuel type or by unit, the user can input, by
thermal unit and emission type, the removal efficiency (in per unit) of the emission control
equipment, and the removal and trading costs in dollars per ton of emission. The removal cost
represents the operating costs associated with emission control equipment. The trading cost
can be used to model the costs associated with the emissions that are not removed by the
control equipment. These costs could include the costs related to the purchase of emission
allowances.

Penalty factors on the removal and trading costs can also be input to control the extent to
which these costs are included in the full-load and incremental costs used to determine the
order in which the units are committed and dispatched

Representation of various power market participants - Through the appropriate
assignment of loads and generation, the various participants in the power market can be
represented in MAPS. Integrated utilities would have generation, transmission, and be
responsible for serving load. Separate distribution entities would not own any generation but
would purchase all of the energy they need to meet their load obligations. Independent power
producers would be modeled as companies with generation but no transmission or load. The
commitment, dispatch, and cost allocation functions in MAPS itself would represent the
independent system operator. The wholesale power broker would be modeled as a company
with firm contracts to buy energy from other companies, which would then be resold on a firm
or economy basis.

MAPS models bilateral contracts between market participants as firm transactions between
the selling and buying companies. These contracts can be specified in terms of hourly MW
values, or as minimum and maximum MW ratings and available monthly energy that would
be scheduled by the program.
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Purchase and sale contracts - MAPS can model internal transactions (purchases and sales
contracts) between companies with the system, and external transactions with companies
outside the study system.

The internal transactions can be either “firm” or “economy.” Firm transactions between
companies can be specified in MW on an hourly basis, or as a minimum and maximum rating
(MW) and a monthly energy (MWh), which can be scheduled by MAPS. The firm
transactions occur regardless of economics. The economy transactions occur between
companies in the system dispatch when it is cheaper for a company to purchase energy to
serve its load than to generate load with its own units.

The external contracts can also be categorized as “firm” and “economy.” The primary
difference is that firm external contracts are evaluated as part of the base dispatch each hour,
while economy external contracts involve multiple dispatches each hour to evaluate the price
paid for the energy.

Firm external contracts are modeled as unit modifiers located outside the study system, but in
all other respects they are treated the same as any other system generation. Company
ownerships are assigned to the units, and they are modeled in the commitment and dispatch
along with the local generation.

The special feature of the economy external contract logic in MAPS is that multiple
dispatches are performed each hour (both with and without each economy external contract)
and the price paid for the energy is a function of the change in system operating costs. This
total savings is also referred to in MAPS as the delta costs. These total savings from the
transactions are divided between the system and the outside world according to a specified
percentage. The system savings resulting from an external economy purchase are allocated to
those companies that are net buyers of energy. Similarly, any savings from an external
economy sale are allocated to those companies that are net sellers of energy.

Cost reconstruction - Within a single run of the program, MAPS can perform two separate
dispatches of the system generation. In the system dispatch, the entire system is dispatched to
serve the load as economically as possible, subject to the constraints imposed by the
transmission system. In the company own-load dispatch, each company’s resources
(including its firm transactions with other companies) are economically dispatched to serve its
own load. The results of the two dispatches are then used to calculate the savings that result
from the coordinated system dispatch versus the isolated company dispatches. Several
methods of cost reconstruction are available to allocate these savings between the buyers and
sellers and to compute the individual company costs in the system environment.
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Furthermore, multiple pools within a system can be modeled in MAPS. MAPS has the
capability to model economic energy transaction within a company’s power pool, if desired in
the simulation.

Hourly bus spot prices - MAPS computes hourly spot prices at individual buses. The bus
spot price is the cost of supplying an additional MW of load at the bus and includes the cost of
generating the energy, the cost of the incremental transmission losses, and any costs
associated with re-dispatching the generation if this additional increment of load caused
overloads on the transmission system. The difference in spot prices at two buses is the short-
run marginal wheeling cost between these buses.

MAPS can also develop marginal costs on a company and pool basis. There are two types of
marginal cost calculations in MAPS: incremental and delta. Incremental marginal costs are
calculated from a single dispatch and are equal to the cost of the last increment of power
generated. Delta costs are calculated from two dispatches and equal the average cost of the
change in energy dispatched. The hourly marginal costs can be summarized for on-, mid-,
and off-peak periods by month, season and year.

V. Transmission Network

MAPS contains two distinct models for representing the transmission system. The original
approach uses a transportation model to limit the transfer between interconnected areas during
the dispatch of the system generation. The second approach performs a transmission-
constrained production simulation, using a detailed electrical model of the entire transmission
network, along with generation shift factors determined from a solved ac load flow, to
calculate the real power flows for each generation dispatch. This makes it possible to capture
the economic penalties of redispatching the generation to satisfy transmission line flow limits
and security constraints. In the electrical representation, all physical components of the
transmission system are modeled, including transmission lines, phase-angle regulators, and
HVDC lines.

MAPS can also operate in the mode in which both methodologies are used simultaneously.
For example, MAPS can operate the system so that both the scheduled contract flows
(transportation model) and actual electrical flows are calculated, with the more restrictive
limits applying. Similarly, MAPS can constrain the system based only on the transfer limits
between areas while calculating the actual electrical flows throughout the system.

Most discussions about the future of power systems agree that networks will be stressed more
than ever before, and the utilities will not have the luxury of observing artificial constraints.
For this reason, it is important to model the actual electrical flows on the lines in addition to
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the transportation flows between the control areas. MAPS, with both models available, is
perfectly suited to model both the current operation of a system and to examine the various
ways in which the system might be operated in the future.

In both the transportation and electrical representations, MAPS calculates and limits the
transmission flows on an hourly basis. In the transportation mode, the utility system is
modeled as discrete operating areas containing generation and load. The transmission system
is represented in terms of transfer limits on the interfaces between the interconnected areas.
These limits can be different for the two directions of interface flow, and can be specified on
an hourly basis. These limits can also vary on an hourly basis in response to user-specified
conditions as to whether or not specified units are available (for commitment) or have been
committed (for dispatch).

In the electrical representation, the load and generation are assigned to individual buses and
the transmission system is modeled in terms of the individual transmission lines, interfaces
(which are groupings of lines), phase-angle regulators (PARs), and HVDC lines. Limits can
be specified for the flow on the lines and the operation of the PARs. These limits can change
on an hourly basis as a function of loads, generation, and flows elsewhere on the system.
Examples of the types of operating nomograms that can be modeled in MAPS include:

e transmission line or interface limit as a function of area or company load
e net imports to an area as a function of load
e simultaneous imports into an area

e minimum generation by area.

The user can control the extent to which MAPS will enforce the limits assigned to an
interchange path, transmission line, or other system element. Each monitored element is
assigned an overload cost in $/MWh. If violating the limit will result in production cost
savings greater than or equal to the overload cost, the limit will be ignored. If the monitored
element has a small overload cost, it has “soft” limits that will be monitored but will most
likely not result in a significant redispatch of the generation. An element with a large
overload cost will be modeled with “hard” limits that are strictly enforced and rarely, if ever,
violated, necessitating a redispatch of the generation to correct the violations.

VI. Data Input/Output

The MAPS data is input through data tables that are stored as text files, which can be easily
accessed and edited through standard text editors. The table structure is essentially free-
format with no stringent requirements that data can be input in specific positions within a line.
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The table structure in MAPS is self-documenting and allows the user to freely insert
comments in the data to aid in documentation.

All MAPS output is stored in binary files to allow for report generation and customization at a
later date. Among the results stored in binary files are the individual unit quantities on an
hourly, monthly, annual, and study period basis for the system and own-load dispatches, and
the hourly interface flows. The stored results of the transmission analysis, when MAPS is run
in with the detailed electrical representation, include the hourly flows and plant outputs, the
limiting elements for each hour and the marginal benefit of relaxing each limiting constraint,
and the hourly spot prices at specified buses.

The MAPS Report Analyzer (MRA) is an extremely powerful tool for analyzing the vast
quantities of generation- and transmission-related data produced by MAPS. The MRA loads
the data from the binary files into a very efficient database and allows the user to easily create
customized reports and graphs through the use of built-in commands and a simple
programming language.

The MRA is completely menu driven and includes several on-line help function to guide the
user. The MRA has several options for plotting study results. The first option is intended to
give the user a quick look at the data but does not offer all of the flexibility, such as changing
scale divisions or adding text to the graphs, that is sometimes needed. The MRA also
contains a separate plotting package that can be used to fine tune the appearance of plots. The
third option allows the user to export the data for use with other plotting software.

The following pages show some of the reports and graphs that are readily available from the
MRA or can be easily generated from data accessible through the MRA.
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MAPS Program Description

Example 3 — Typical Plots Available from MRA
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MAPS Program Description

VIl. Hardware Specifications for Running MAPS and MRA

PENTIUM PC
System Pentium IV

900 MHz

512 MB RAM

40 GB Disk

2 Button Mouse
101 Keys (US)
Floppy Disk Drive

CD-ROM
56 kB Modem
Monitor 20” Color Display
Backup CD-Writer
Op Sys Windows NT, 95, 98, or
2000
Aux Software | Exceed 7.0 from
Hummingbird

VIIl. MAPS Licensees

A list of current MAPS licensees is available on request.

IX. MAPS Pricing Information

Pricing information for licensing MAPS, MAPS training, and MAPS studies conducted
by GE personnel is available on request.
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MAPS Program Description

X. MAPS Publications

2001

[1] J. Zhu, M. O. Sanford, G. H. Ganoung, D. Moyeda, R. Seeker, “Emissions Control in a
Competitive Power Market,” IEEE Computer Applications in Power, October 2001.

2000

[11 J. Zhu, G.A. Jordan, S. Ihara, “The Market for Spinning Reserve and its Impact on
Energy Prices,” IEEE PES Winter Power Meeting, January 2000.

[2] J. Yang, G.A. Jordan, “System Dynamic Index for Market Power Mitigation in the
Restructuring Electricity Market,” IEEE PES Summer Power Meeting, July 2000.

[3] J. Bastian, J. Zhu, V. Banunarayanan, M.O. Sanford, G.A. Jordan, “Forecasting
Locational Marginal Prices in a US ISO,” CIGRE 2000 Session, Paris, France, August
2000.

1999

[1] J. Bastian, J. Zhu, V. Banunarayanan, R. Mukerji, “Forecasting Energy Prices in a
Competitive Market,” IEEE Computer Applications in Power, July 1999.

1998

[1] R. Mukerji, “GE MAPS Model — Market Assessment and Portfolio Strategies,” IBC
Conference on Market Price Forecasting, March 1998.

[2] R. Mukerji, “Market Price Forecasting,” IBC Conference on Merchant Power Plants in
the New US Market, June 1998.

1997

[1T] I Shavel, R. Mukerji, “Valuing Energy Projects in a Deregulated Environment,” IBC
Conference on Purchased Power Contracts, Washington, D.C., January 27-28, 1997.

[2] R. Mukerji, J.L. Oplinger, “Valuation of Energy Projects in a Deregulated
Environment,” Pennsylvania Electric Association Conference, State College PA, May,
1997.

1996

[1] N.W. Miller, R. Mukerji, R.E. Clayton, “The Role of Power Electronics in Open
Access Markets,” EPRI Conference on the Future of Power Delivery, Washington,
D.C., April 9-11, 1996.

[2] S.L. Pope, M.D. Cadwalader, R. Mukerji, “Forecasting the Market Price of Electricity
for Stranded Investment Calculations,” IBC Conference on Stranded Costs,
Washington, D.C., June 19-21, 1996.

[3] R. Mukerji, J. Hajagos, C. Dahl, K.D. Rogers, M. Gopinathan, D. Eyre, “Transmission
Constrained Production Simulation - A Key Tool in the De-Regulated Utility
Environment,” CIGRE 1996 Session, Paris, France, 1996.
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