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Project Objectives

e Utilities have occasionally observed delayed voltage recovery following
fault events in regions where a significant portion of the summer peak
load is associated with residential air-conditioning.

e This phenomenon, called fault-induced delayed voltage recovery (FIDVR),
is associated with motors that are prone to stalling.

e There is a concern that as greater a fraction of on-peak load is associated
with motors prone to stalling the FIDVR phenomenon could have more
significant detrimental impacts and possibly cause generation tripping or
even a blackout.

e The purpose of this project is to generalize the load model development
for WECC to address the FIDVR phenomenon in planning studies.
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Composite Load Model

In 2000-2001, WECC
used an interim load
model

In 2005, WECC
developed an explicit
load model

In 2007, PSLF has the
first version of the
composite load model
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Past major accomplishments

e |n 2010, PNNL started the work
on load composition model

T Lood Mol Dt Teo!

e Development was funded by e I
v Bl o -
DOE through ARRA program - s .

e An Excel tool to create - o
composite load model was .
developed in 2012. e

e Load Model Data Tool (LMDT on
1.0) to generate composite load " |
model data records was released

under an open source license in
2013
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LMDT 2.0

N . [, T - olER
e New version of the LMDT (version DT o
2.0) was released under an open o b el e Lﬁmf%u:ff o b s i1
source license in 2015 . j’i‘f‘ 9.: aron s 1 e '
. (=) psw x mix__ Joasfoss [0 Jo .!O‘L_S“E
e LMDT generates the composite load T S L — ow
model data records = S
e ca o |% D i%‘ C QE(;H arsonfo o Jo Joo || ::

e LMDT supports GE PSLF and Siemens T

Composi.  Maoter D | Powsrtlo.. | PSLF | Psst

PSSE formats e
e LMDT is a stand-alone MS Windows N .
application [P
e LMDT was developed in Iu s
collaboration with Bonneville Power ©
Administration (BPA) and WECC L i

Load Modeling Task Force (LMTF)

e LMDT is used by multiple
organizations: WECC, ERCOT, BPA,
Dominion, SCE, PG&E, MISO, Duke
Energy, and many more.
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Technical Accomplishments FY16

e Fully redesigned GUI

e Advanced functionality

e New visualization capabilities

 Database of load models for different climate zones
e Generating .dyd and .dyr dynamic model records
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LMDT 2.0 Redesignhed GUI

I LMDT 2.0 - o IEM
Y@@

Load Model Dal.abase:(,'cmpcsile Load Database ¥ Composite Load Model Settings » 0 X | PSLF - 0 X
Commercial | Residential | Inductive Agricultural | Data | Service Load Mix Season/H | | |lodrep i
e . 3 N o 1 #Compaosite load representation
Maodel Settings Load Mix Res Com Ind Agr Data Service Narma cmpldw 106 “NORTH LD® 115 *1* : #1 mwa=-1/
Input File: ' CEUS.cav ¥ | Peak Hour | HE16 ~ | |Update Model @ DsW ] HE10 "Bss® 0 "Rfdrt 0.04 "Xfdr" 0.04 “Fb" 075/
s fosjoa o o Jo_joo el e ek
Load Heating Cooling Vent WaterHeat Cocking Refrig Extlight Intlight OfficeEquip Misc Pro - 3 3 2 I min- 1lea Ymax® & 2P D ez oy
. LOM 102 1073 10 10 1005 002 [ Update M| | “Fma" 0,105 "Fmb” 0078 “Fmc” 0.049 “Fmd" 0.041 "Fel” 0.20
(=) Dsw MIX 0451048 10 10 1005 [0.02 ) “PFel” 1 "Vd1® 07 "Vd2* 0.5 “Freel” 1 /
MotorA 0.3 0.8 o |o 0 1 0 0 0 0 RAG 04 o2 [oasfozslo o Motorsfile | | pr 0995 “P1e” 2 "P1c” 0,673 "P2e” 1 "P2c" 0327 "Pireq”
‘MotorD o 005 |07 |o 015 0 0 0 0 0 |os @ Hip Buses file: "Qle” 2 "Q1c" -0.500008562670183 Qe 1 "Q2c" 1.5000085(
MotorC ] 01 0 0 0 0 o 0 o RES 075023 o o o 0.02 o ..Mlp'\. J '\'.“"B. S Ml.pc .3 MEPD .” O
T = > S = - . S - 5 - : : : Settings LimA® 0.75 "ReA” 0.04 "LsA” 1.8 “LpA” 0.12 "LppA” 0104 /
COM 102 |073 |0 |0 005 [0.02 v [5 “TpoA" 0.095 “TppoA® 0.0021 "HA® 0.1 “etrgA” 0 /
PE a 0.05 03 |0 0.05 0 0 o 1 1 05 MIX 0451045 [0 0 |0.05 (002 "WtriA® 0.7 "TtriA® 0.02 "FtriA® 0.2 "Vrc1A® 1 "TrelA" 95959
DG 0 0 0o o 0 0 0 0 0 0o o RAG 04 |02 |oas|ozslo o r a0 WHrZA® 0.5 “Ttr2A® 0.02 “Ftr2A” 0.7 "Vic2A® 0.7 “Trc2A" 0.1/
Stat P Res  |0.7 [ o |1 0.8 0 0 0 0 o o @ NCC + 093 "LfmB” 0.75 "HsB" 0.03 "LeB" 1.8 "LpB" 0.19 "LppB" 0.14 /
SatPCur |0 0 % o 0 N 1 0 o o . “TpoB" 02 “TppoB" 0.0026 "HB" 05 “etrgB" 2 /
- RES 0751023 10 10 J0 002 p oz “YriB* 0.6 “Ttr1B* 0.02 “Frr1B* 0.2 “VrciB® 0.75 “TrciB* 0.05
¢ CoM o2 jo73 |0 |o  |005 |0.02 "VUr2BT 05 "TW2B" 0.02 "Fu2B" 0.3 "VrcB" 065 “Trc2B" 0.05,
Climate Day Hour Motor A MotorB MotorC MotorD PE. DG, Stat.PRes. Stat.PCur S MIx  [045]048 [0 |0 |0.05 |002 | Genera ';:_:;(C ﬂ?]R;cD(ogsm:chlﬁ ;':I"c_"to-:_g_ ;LF;PC" O
RAG 04 |02 [015)025(0 0 = A ppoL” U = gL
NWC  |Normal Summer|HET |0.109  |0.048  |0.009  |0.000 0.081]0.000)|0.016 0.147 o~ o . Wr1C* 065 "Ttr1C* 0.02 “FtriC* 02 “VrelC® 1 “TrelC™ 9999 | ¥
NWC | Normal_Summer |HE2 [0.107  |0.048 0009 [0.000  [0.080)0.000)0.016 0.146 0. i . Composit.. | Motor Data | Powerflo... | PSLF | PSSE
NWC  |Normal Summer (HE3 0107 0.048 0010 0.000 0.062 | 0.000 | 0.018 0.152 0. . . .
NWC  |Normal Summer|HE4 J0112 [0053  |o012  |oooo  |o.087]0.000]0.022 0.169 0. Hourly Plots ) *hx
NWC | Normal Summer|HES [0120 0063 (0016 [0.000  [0.100)0.000]0.030 0.200 0. Peakload 25 Hour Motor A Motor B A Load Model Fractions  Load Profile
NWC  |Normal_Summer|HE6 [0.130  |0.083  [0.021 0,000 0.127 0,000 [ 0.040 0.215 0. § HE1 |0142  |oass o~
Climate Zone Load Profil
NWC  [Normal Summer|HE7 [0.450 0107 |0.028 0000  |0.159]0.000(0.051 0.273 0. HE2 |0145 |01ss |0 oad Frortile
NWC  |MNormal Summer |HEB |0.166 0122|0032 0.000 0.183 | 0.000 | 0.056 0.314 0. DEW ¥ HE3 |0.149 0155 |0
S T PTT S POTUR PO S P P S T P o o o To I I I
_ Hot_Summer ~ | | HES 0157 0.143 o 20
Map: e i HES |0.181  |0.142 |0
04 Climate Zone Info Load Mix HE7 |0196 10134 |0 2
507 ) Residential | 0.5 2
H Zone ID HID HE8 |0217  Jo130 |0 e
] Hiah Desart Commercial 0.5 HE9 |0.231 0131 [0 E
p ] Zone Name igh Dese
Inductive |0 HE10 |0.242  |0.335 |0 2.0
1 H Cities Salt Lake City _ HEN |0.251 0135 [0 E
. A i Albuguerque Agricultural |0 HE12 [0253 o437 o
S0 G penver Data 0 Her Jo250  [o140 [0
3 L] Sen = HEW4 [0245  [0.143 |0
1 | | BrvIce
15 [0.24 14
1 - 4] Heat Map ::1: gizg 315: E 0 ' T
j Feeder Type: | RES v Update Model | - - 12345678 91011121314151617 181920212223 24
- HE17 |0.196 0.154 o Hour
] ——T H Load Compone | MotarA HEIE (0968|054 [0
304 : i penStreetMap MotorB HEW |0.145 |05 |0 M votorsa Emotors EMotorc Il Motor D
— T T T T 17— o Motort HEZ0[0.435  |0.158 |0 L Oos [ staticp Res [l Static # Cur
-120 -110 -100 e e I static P Power
Longitude MotorD < 3

CONSORTIUM for
ELECTRIC RELIABILITY
TECHNOLOGY SOLUTIONS




LMDT 2.0 Database

Load Model [)ntahmelComposite Load Database =
° Commercial | Residential | Inductive | Agricultural | Data | Service
. D I e r e n t O a Model Settings
Input File: | CEUS.csw ~  Peak Hour  HE16 ~  Update Model
t ° Load Heating Cooling Vent WaterHeat Cooking Refrig Extlight Intlight OfficeEquip Misc Pro
e S Stat P Res 0.7 0 0 1 0.8 0 [ 0 0 0 0 .
y p ° Stat P_Cur 0 0 [ [ [ [ 1 1 0 0 L]
Stat P Power |0 0 0 0 0 0 [ [ 0 0 [
Stat Q React |0 0 0 0 0 o o 0.087591|0 o o
H Stat O Cur |0 0 0 0 0 [ [ -0.26277 |0 0 [
— CO'II'IIerCIaI Stat_Q_Power |0 0 o o 0 0 0 0 0 o o
(=) New
MotorA 0.3 0.8 0 0 0 1 0 0 ] 0 0
° M MotorB 0 0.05 07 |0 015 [1] o [1] 0 o |os
— Resldentlal MotorC 0 01 0 0 0 o 0 o 0 0 0
MotorD 0 o 1]} 1]} 1]} 1} 1]} o 1] o 1]}
PE 0 0.05 03 |0 0.05 0 0 o 1 1 05
. ¢ >
- I n d u St r I a I Climate Day Hour Motor A Motor B Motor C Motor D P.E. DG Stat. P Res. Stat. PCur. §
NWC  |Normal Summer |HE1 (0108 |0.048 10009  [0.000  |0.081 0.016 0.147 o~
NWC | Normal Summer |HE2 [0.107 0.048 0.00% 0.000 0,080 0.000 | 0.016 0.146 0.
. NWE  |Normal Summer |HE3 (0107 |0.048  |0.010  [0.000  |0.082 0.018 0.152 0
- Ag rl C u It u ra | NWC  |Nermal Summer |HE4 [0.112 0.053 0.012 0.000 0.087 [0.000 |0.022 0.169 0.
NWC  |Normal Summer |HES [0120  |0.063  |0.016  [0.000  [0.100 0.030 0.200 0
NWC | Normal Summer |HE6 (0130 ]0.083 10021 [0.000  |0.127)0.000]0.040 0.215 0.
NWC  |Normal_Summer |HE7 | 0.150 0107 0.028 0.000 0.159 | 0.000 ] 0.051 0.273 0
— D a t a NWC  |Normal Summer |HES [0.166  |0.122 10032 [0.000  |0.183)0.000]0.056 0.314 0.
NWC  |Normal Summer |HES | 0.181 0.129 0.035 0.000 0.196) 0,000} 0.059 0.332 0.
NWC | Normal Summer |HE10 [0.205  |0.133 10038 [0.000  |0.204)0.000]0.061 0.339 0.
. NWC | Normal_Summer |HE11 [0.222 0.136 0.040 0.000 0.207 | 0,000 0.063 0.338 0.
NWC _ |Normal Summer |HE12 [0.244  |0.138  |0.042 {0,000 |0.208)0.000]0.063 0.338 0.
- S e er C e NWC | Normal_Summer |HE13 [0.255 0.138 0.044 0.000 0.208 | 0,000 0.059 0.337 0.
NWC | Normal_Summer |HE14 [0.265 0.138 0.044 0.000 0.206 0.000 | 0.057 0.335 0.
NWC | MNormal Summer | HETS | 0.268 0.138 0.043 0.000 0.200]0.000)0.056 0.327 0.
° NWC | Normal_Summer |HE16 [0.264 0.136 0.041 0.000 0.189 0.000 | 0.057 0.314 0.
[ ) C I I m a t e Z O n e S NWC | Normal Summer |HE17 [0.254 10127 10037 [0.000  |0.170)0.000]0.056 0.300 0.
NWC | Normal_Summer |HE18 |0.218 0.110 0.031 0.000 0.144 0.000 | 0.052 0.273 0.
NWC | Normal Summer |HE19 (0177 ]0.092  |0.024  [0.000  |0.125)0.000]0.044 0.246 0.
NWC | Normal _Summer |HE20 [0.157 0.079 0.020 0.000 0.112 [0.000 | 0.038 0.257 0.
e NWC | Normal Summer|HE21 |0.135  |0.071  [0.016  [0.000 |0.103|0.000|0.032 0.225 0.
. O p e ra t I n g h O u rS NWC | Normal_Summer |HE22 |0.121 0.059 0.013 0.000 0,094 [0.000 | 0.026 0.196 0.
NWC  |Normal Summer |HE23 10.114 0.055 0.012 0.000 0.08810.00010.020 0175 o
< >
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Commercial Load Database

 Based on California Commercial End-Use Survey
(CEUS) dataset

Load Categories
- Heating Clim-a.ta Da\.r“ Hour- Inde.J-( |Heat;r|g Cool;ng Vam_ Wm;rHeal:ook-ing Rafr'l_g E:ﬂ.i;ht IntLig_h‘l Off‘l iMisc Pr: Moi-ors nirc;mp |
NWC

1 1NWC_ 11 18013.4 45501.09 98512.63 6018.248 11751.97 150090.7 86210.11 176526.2 76903.18 35097.9 581.9765 24750.01 3149.639 __

. NWC 1 2 NWC_1_2 1978799 41137.65 98622.19 5982.864 10857.57 149790.4 84762.44 175458.6 76987.2 34059.48 581.9765 24797.91 3229.504
| | Coollng NWC 1 3 NWC_1_3 19777.67 38672.65 %6780.72 6312.676 14534.83 1459996.1 84163.46 187183.4 T78383.16 35705.51 582.5969 26744.72 3716.611
NWC 1 4 NWC_1_4 21114.27 45185.18 103406.7 7285.416 21632.26 151107.3 B3279.66 217878.9 81414.23 40172.07 762.4479 32009.76 5135.343
NWC 1 5 NWC_1 5 22733.72 53116.31 114906.4 E780.183 35097.77 157854.5 B31B4.13 273p21.8 0O0566.8 48744.34 1805.833 45220.92 7E00.704
u Ve nt NWC 1 & NWC_1_ 6 2948236 6B11.13 152257.7 11018.55 49192.82 1598689 11284.81 372232.1 112372.8 ©2926.99 2183.107 60773.96 10970.94
NWC 1 7NWC_1_7 39941.22 99316.23 194145.8 13066.53 61541.72 162309.3 5283.075 483525.3 137058.3 78515.25 2863.85 78658.49 14858.17
] Water Heat NWC 1 8 NWC_1_8 40866.27 129141.5 220766.4 14767.83 71350.68 164423.6 2546.161 558655.2 158152.6 90720.38 3731.361 88740.07 17124.39
NWC 1 9 NWC_1_9 3694323 153521 231604.6 15476.71 79745.22 171273.2 1791.388 591533.8 170530.2 97075.85 4628.85 92663.41 18003.85
. NWC 1 10 NWC_1_10 33315.8 205326.6 236423.3 15746.55 86591.45 173067.6 1791.388 603636.5 1764111 99966.3 4886.361 2404055 18332.38
u COO klng NWC 1 11 NWC_1_1 30565.4 243187.5 238799 16132.63 928%4.75 1745214 1791.388 602202.6 177840.7 100991.9 4507.59 94411 18369.95
NWC 1 12 NWC_1_1 27760.82 286609.6 240551.1 16123.61 97281.84 180990.7 1791.388 602173.1 177662.3 101137.2 4854.697 94069.55 18346.82
] Refrig NWC 1 13 NWC_1_1 2453041 3102856 241365.2 157711 91132.02 181649.7 1791.388 601142.4 1757953 100906.3 4875.804 53480.0% 18291.19
NWC 1 14 NWC_1_1 23894.75 327380.1 243455.5 15618.31 B62S9E.97 186764.5 1932.318 596163.9 172080.5 99779.69 4B5E.325 90342.8B4 17494.91
. NWC 1 15 NWC_1_1 23825.49 3374936 243662.8 15263.67 B8E370.6 186354.8 2911.397 5811135 1840863.7 98988.41 4820.937 EB0E6.27 18107.08
u Ext nght NWC 1 1o NWC_1_1 22786.78 337806.3 243979.8 14238.50 88736.89 180166.3 4908.253 555435.9 149731.6 91738.61 4738.683 79036.17 13955.892
NWC 1 17 NWC_1_1 22778.05 321480.7 2305640.2 12924.83 883599.52 178643.5 24034.858 511697.9 129301.2 52873.38 4355.098 67870.1% 10808.65
™ IntLight NWC 1 18 NWC_1_1 19878.93 255060.8 200390.1 11418.96 83426.24 171820 43349.93 4439%60.5 105570 73409.08 3955.05 58709.8 7913.631
NWC 1 19 NWC_1_1' 14115.62 171744.5 166953.6 10226.23 73964.2 169432.4 47477.3 392400.5 91868.37 66733.58 3636.109 51621.89 5028.194
. . NWC 1 20 NWC_1_ 2 142355 129537.3 1449687 9188.862 60175.91 1668429 114571 344724.7 8531259 61071.98 2551.982 45303.77 5035.4599
| Offlce Equlp NWC 1 21 NWC_1_2 15119.28 89745.39 133698 8076.77 48108.79 1559903.2 113213.4 289138.7 81686.74 53527.31 2153.282 40408.83 4399.942
NWC 1 22 NWC_1_2 1509783 61763.32 1132799 7195.246 35243.66 158480.8 1074154 242370.5 79559.33 48108.45 1557.382 35261.26 3959.716
1 23NWC_1_2 16593.3 54178.13 108503.5 6588.746 21314.65 151903.7 105978.2 206606.1 77981.02 4311563 1176.947 31376.21 3569.224

= Misc e
= Process

= Motors

= AirComp
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Commercial Load Database

Commercial Load Settings

Load Model Database | Composite Load Database hd
Commercial ' Residential | Inductive | Agricultural | Data | Service
Model Settings
Input File: | CEUS.csv v | Peak Hour  HE16 v | |Update Model
Load Heating Cooling Vent WaterHeat Cooking Refrig Extlight Intlight OfficeEquip Misc Pro
Stat_Q_Cur |0 0 0 0 0 0 0 -0.26277 |0 0 0o ~
Stat_Q_Power |0 0 0 0 0 0 0 0 0 0 0
(=) Nwe
MotorA 0.3 0.8 0 0 0 1 0 0 0 0 0
MotorB 0 0.05 07 |0 0.15 0 0 0 0 0 0.5 .
Mowc o Jo1 Jo o Jo Jo Jo o Jo o o Commercial load model
MotorD 0 0 0 0 0 0 0 0 0 0 0
PE 0 0.05 03 |0 0.05 0 1] 1] 1 1 ns
DG 0 0 0 0 0 0 Climate Day Hour Motor A Motor B Motor C Motor D PE. DG Stat. P Res. Stat. P Cur. Stat. P Power. Stat. Q React. Stat. QCur. Stat. Q Power. Ptotal StatP StatQ Stat PF
S P R 07 0 0 1 08 0 NWC  [Mormal_Summer [HE1 |0.109 0.048 0.009 0.000 0.081|0.000|0.016 0.147 0.000 0.009 -0.026 0.000 0.410 [0.163 [-0.017 [-0.994
tat P_Res - NWC  |Mormal Summer|HE2 [0.107  [oo48  ooos  [oooo  Jooso[oooo|oois 0.146 0.000 0.009 -0.026 0.000 0.406 [0.162 [-0017 [-0.994
Stat_P_Cur 0 0 0 0 0 0 | Nwe |Mormal Summer |HEZ [0.107 0048  [0.070 10,000 0,082 10,000 0.018 0.152 0,000 0.009 -0.028 0.000 0415 0170 |-0.018 | -0.994
Stat P Power |0 0 0 0 0 0 | NwC [Mormal summer[HEd [0412  o0s3  Joo12  foooo |oost|oooo]oo22 0.169 0.000 0.011 0.032 0.000 0.454 (0191 [-0.021 [-0.994
— NWC _ [Mormal Summer [HES |0.120 0.063 0.016 0.000 0.1000.000| 0.030 0.200 0.000 0.013 -0.040 0.000 0.528 [0.230 |-0.027 [-0.993
Stat_Q React |0 0 0 0 0 0 NWC  [Mormal Summer (HEG |0.130 0.083 0.021 0,000 0.127 | 0.000 | 0.040 0.215 0,000 0.018 -0.055 0.000 0.616 [0.254 |-0.036 |-0.990
Stat Q Cur 0 0 0 0 0 0  NWC  |Mormal Summer|HE7 |0.150 0.107 0.028 0,000 0.159 | 0.000 | 0.051 0.273 0.000 0.024 -0.071 0.000 0.767 [0.324 |-0.047 [-0.989
Stat Q_Power|0 0 0 0 0 0 | NWC [Normal summer|HEs o166 o122 ooz |oooo  |ose3]o.000]0056 0.314 0.000 0.027 0.082 0.000 0.873 |0370 |-0.085 [-0.989
NWC | Normal_Summer |HE9 (0.181 0129 (0035 | 0.000 0,196 | 0.000)| 0.059 0.332 0.000 0.029 -0.087 0.000 0931 |0.391 |-0.058 |-0.989
@ NWI NWC  [Mormal_Summer [HE10 |0.205 0.133 0.038 0,000 0.204 | 0.000 | 0.061 0339 0,000 0.030 -0.089 0.000 0.879 [0.399 |-0.059 |-0.989
LY Py ln > lno In ln ln |+ | NWEC |Mormal Summer|HE11 |0.222 0136 [0.040 10,000 0.207 | 0.000|0.063 0.338 0,000 0.030 -0.089 0.000 1.005 10401 |-0.059 | -0.989
< NWC _ [Mormal Summer [HE12 |0.244 0.138 0.042 0.000 0.208 | 0,000 0.063 0.338 0.000 0.030 -0.089 0.000 1.035 |0.401 |-0.059 [-0.989
NWC  [Mormal Summer |HE13 |0.255 0.138 0.044 0.000 0.208 | 0.000 | 0.059 0337 0.000 0.029 -0.088 0.000 1.041 |0.397 |-0.059 |-0.989
NWC  [Mormal_Summer |HE14 |0.265 0.138 0.044 0.000 0.206 | 0,000 | 0.057 0.335 0.000 0.029 -0.088 0.000 1.044 |0.391 |-0.058 |-0.989
NWC | Normal_Summer |HE15 |0.268 0138 (0043 0,000 0.200]0.000) 0.056 0.327 0.000 0.028 -0.085 0.000 1032 10383 |-0.057 |-0.989
NWC  |Normal Summer|HE16 (0264 [0136  |ooar  [oooo  Jooss[oooo|oos? 0.314 0.000 0.027 0.082 0.000 1000 [0.370 [-0.054 |-0989
NWC  [Mormal_Summer [HE1T |0.254 0127 0.037 0.000 0.1700.000 | 0.056 0300 0.000 0.025 -0.075 0.000 0.843 [0.355 |-0.050 |-0.950
NWC  [Mormal_Summer [HE18 |0.218 0.110 0.031 0,000 0.144 | 0.000 | 0.052 0.273 0,000 0.022 -0.065 0.000 0.627 [0.324 |-0.044 [-0.991
NWC | Normal Summer|HE19 |0.177 0092 [0.024 10,000 0.125]0.000) 0.044 0.246 0.000 0.019 -0.058 0.000 0.708 |0.290 |-0.038 |-0.991
NWC  [Mermal_Summer |HE20 |0.157 0.079 0.020 0.000 0.112|0.000) 0.038 0.257 0.000 0.017 -0.051 0.000 0.663 [0.295 |-0.034 [-0.993
NWC | Normal Summer |HE21 |0.135 0.071 0,016 10,000 0.103]0.000)0.032 0.225 0.000 0.014 -0.043 0.000 0.581 |0.257 |-0.028 | -0.994
NWC  |Mormal summer|HE22 (0021 [oose ooz [oooo  Joosafoooo|ooze 0.196 0.000 0.2 0.036 0.000 0.509 [0221 [-0024 [-0994
NWC | Normal_Summer |HE23 [0.114 0055 (0012 |0.000 0,088 | 0,000 0.020 0175 0,000 0.010 -0.030 0.000 0464 |0.195 |-0.020 | -0.995
NWC  [Mormal_Summer [HE24 |0.108 0.046 0.010 0,000 0,082 | 0.000 | 0.016 0.151 0,000 0.009 -0.027 0.000 0413 [0.167 |-0.018 [-0.994
NWV_ [Mormal_Summer [HE1 |0.126 0.057 0.010 0.000 0.101 | 0.000 | 0.013 0.160 0.000 0.008 -0.023 0.000 0466 [0.173 |-0.015 [-0.996
MWV |Mormal Summer|HE2 [0.122  [0.05s  Jooos  [oooo  Joioo|oooo]ooiz 0.156 0.000 0.008 -0.023 0.000 0.457 |0.160 [-0015 [-0.996
NWV | Normal Summer|HE3 [0.122 0055 (0010 |0.000 0,102 0.000)| 0.014 0.157 0.000 0.008 -0.023 0.000 0460 |0.171 |-0.016 |-0.996
NWV__|Mormal Summer|HE4 [0.125  [oos9 oo [owooo  Joaos|oooo|ooi7 0.166 0.000 0.009 0.028 0.000 0.487 |0.183 |-0.018 [-0.995
NWV | Normal_Summer|HES [0.132 0064 (0013 [0.000 0.118]0.000|0.023 0.195 0.000 0012 -0.036 0.000 0.546 |0.218 |-0.024 | -0.994
NWV_ [Mormal Summer [HEG |0.142 0.085 0.015 0,000 0,140 0,000 0.031 0.198 0,000 0.017 -0.050 0.000 0.611 [0.229 |-0.033 [-0.989




Residential Load Database

Load Model Database | Composite Load Database

Commeraa] Reséenol [ o [ Aqrcmaa] e Senis Residential Load Settings

Model Settings
Input File: | Residential Input.csv ¥ Peak Hour  HE16 v |Update Maodel

Load Categorles Load Heating Cooling Vent WaterHeat Cooking Refrig Extlight Intlight Electronics Appliances Misc Vehicle
() Dsw ~

MotorA 0 0 0 0 0 0 0 0 a 0 0 0
MotorB 0 01 1 0 015 0 0 0 0 0 0 0
[ H MotorC 0 0 0 0 0 0 0 0 0 0.3 03 |0
H eat I n g MotorD 03 0.85 0 0 0 1 0 0 0 0 0 0
. PE 0 0.05 0 0 0 0 0 a 1 0.2 02 1
u CO (0] I N g DG 0 0 0o |o 0 0 0 0 0 0 o o
Stat P Res |0.7 0 0 1 0.85 0 1 1 a 0.5 05 |0
] Stat P_Cur o o 0 0 0 0 0 o o 0 o o
Ve nt Stat P_Power |0 0 0 0 0 0 0 a a 0 0 0
Stat_Q React |0 o 0 0 0 0 0 o o 0 o o
= \WaterHeat Swace Jo o fo Jofo Jo Jo_To oo o o . .
. Stat_Q_Power |0 o o (o 0 0 0 o o 0 o |o R d t I I d d I
. Climate Day Hour Motor A Motor B MotorC MotorD PE DG, Stat. PRes. Stat. PCur. Stat P Power. 5tat Q React. Stat. QCur. Stat. Q Power. Ptotal StatP Stat Q) Stat PF
n Ref ri g NWC |Normal Summer|HE1 [0.000  [0.023  [0012  |o.0s0  |o0.0s3|0.000]0303 0000|0000 0.000 0.000 0.000 0481 |0303 0000 [0000 |-~
NWC Mormal_Summer |HE2 | 0.000 0.023 0.005 0.090 0.048 | 0.000 | 0.247 0.000 0.000 0.000 0.000 0.000 0414|0247 [0.000 | 0.000
n EXt Li g h t NWC | Normal Summer |HE3 | 0.000 0.023  J0.003 0.090 0.047 [0.000|0.219 0.000 0.000 0.000 0.000 0.000 0.383 10219 [0.000 |0.000
NWC Mormal_Summer |HE4 | 0.000 0.023 0.002 0.090 0.047 ) 0.000]0.213 0.000 0.000 0.000 0.000 0.000 0375 (0213 [0.000 |0.000
. NWC | Normal Summer |HES [0.000 0023  |0.003 0080  |0.0470.000]0.229 0.000 0.000 0.000 0.000 0.000 0.392 10229 0.000 |0.000
| I n t ng h t NWC | Normal_Summer | HEG | 0.000 0.024  |0.008 0.090 0.050 | 0.000 ] 0.309 0.000 0.000 0.000 0.000 0.000 0481 |0.309 |0.000 |0.000
NWC | Normal Summer |HE7 | 0.000 0.025 0020  |0.090 59 |0.000|0.492 0.000 0.000 0.000 0.000 0.000 0.686 |0.492 |0.000 |0.000
n E | ect ro n ics NWC | Normal_Summer | HES | 0.000 0.027  |0.036 0.090 0.114 | 0,000 0.671 0.000 0.000 0.000 0.000 0.000 0.937 |0.671 |0.000 |0.000
NWC  |Normal Summer|HES [0.000  |0.027 0045 0090 |01 000 0.694 0.000 0.000 0.000 0.000 0.000 0.977 10,694 |0.000 |0.000
. NWC | Normal_Summer | HE10 | 0.000 0.027  |0.057 0.090 10.128 {0,000 0.707 0.000 0.000 0.000 0.000 0.000 1.008 |0.707 |0.000 |0.000
] A p p | I a n Ces NWC | Normal Summer |HE11 | 0.000 0027 |0.063 0.090 0.132 0,000 {0.691 0.000 0.000 0.000 0.000 0.000 1.002 10691 (0,000 |0.000
NWC | Normal_Summer | HE12 | 0.000 0.028  |0.062 0.090 0.131 0,000 0.645 0.000 0.000 0.000 0.000 0.000 0.956 |0.645 |0.000 |0.000
n M isc NWC | Normal Summer|HE13 [0.000  |0.032  ]0.056  |0.101  0.128]0.000]0.603 0.000 0.000 0.000 0.000 0.000 0.920 |0.603 |0.000 |0.000
NWC | Normal _Summer | HE14 | 0.000 0.047 0052 0.156 0.129 0,000 0.560 0.000 0.000 0.000 0.000 0.000 0.944 |0.560 |0.000 |0.000
. NWC | Normal_Summer | HE15 | 0.000 0058 |0.046 0195 0.145]0.000)0.519 0.000 0.000 0.000 0.000 0,000 0.963 |0.519 |0.000 [0.000
u Ve h Icl e NWC | Mormal Summer | HE16 | 0.000 0.068  |0.045 0.226 0.146|0.000|0.516 0.000 0.000 0.000 0.000 0.000 1.000 |0.516 |0.000 |0.000
NWC | Normal_Summer | HE17 | 0.000 0.077 _ |0.046  [0.243 0.175]0.0000.561 0.000 0.000 0.000 0.000 0.000 1104 0.561 |0.000 |0.000
NWC | Mormal Summer | HE18 | 0.000 0.087  |0.049 0.251 0.250 0,000 0.672 0.000 0.000 0.000 0.000 0.000 1.309 |0.672 |0.000 |0.000
NWC | Mormal_Summer | HE19 | 0.000 0.085  j0.052 0.253 0.269)0.000)0.719 0.000 0.000 0.000 0.000 0.000 1378 10.719 |0.000 |0.000
NWC | Mormal Summer | HE20 | 0.000 0067 |0.054 0.211 0.268 | 0,000 | 0.695 0.000 0.000 0.000 0.000 0.000 1.295 |0.695 |0.000 |0.000
NWC | Mormal_Summer | HE21 | 0.000 0.046  ]0.055 0151 0.247)0.000)0.705 0.000 0.000 0.000 0.000 0.000 1.204 10.705 |0.000 |0.000
NWC Mormal_Summer | HE22 | 0.000 0.026 0.056 0.090 0217 0.000]0.739 0.000 0.000 0.000 0.000 0.000 1128 |0.739 |0.000 [0.000
N Kewrmal Sommmer LHE23 10 000 nnas NNds nnan NARARINNNNLN AR 0o NN nnna 0o N nan7 Infet lnnnn lnonn |7
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Composite Load Model Settings

Compaosite Load Model Settings * 0 X
Load Mix Season/Hour
. Load Mix Res Com Ind Agr Data Service [Non‘naI_Summer 'l
* Load M - '
IX ~ NWV [ve2 d
RES 0.75(022 |0 |0 |O 0.02

COM 0.2 |073 (0 0 0.05 |0.02 Tl Update Model
. S eason MIX 0451048 |0 |0 ]005 002 Motors file:  MotorDataPltest.csv E]

RAG 04 102 [015[025]0 0

: loads.csv E]
~I NWI Buses file
L] .
Settings
°® O t H RES 0750023 [0 |0 [o o2 |_
e ra I n O u r COM 02 (073 |0 |0 |005 (002 Minimum Load{MW) 5
MIX 045[048 0 0 005 |o02 Minimum voltage to add transformer (V) 40

RAG 04 102 [015[0.25]0 0

® F e e d e r ty p e ~ RMN Minimum voltage (p.u.) 093

RES omslozz lo o o 0.02 L Minimum power factor 0.82
COM 02 (072 ([0 |0 |0.05 |0.02
MIX 045{048 |0 |0 |0.05 002
RAG 04 (0.2 |0.15]0.25|0 0
~ NCC

RES 0.75{0.22 |0 |0 |O 0.02
COM 02 (072 ([0 |0 |0.05 |0.02
ML 045({048 |0 |0 |0.05 |0.02
RAG 04 (0.2 |015|0.25|0 0
~ NCV

RES 0.75{0.22 |0 |0 |O 0.02
COM 02 (072 ([0 |0 |0.05 |0.02
ML 045{048 |0 |0 |0.05 |0.02
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Composite Load Model and

* Input

— Composite

Composite Load Model - o x
LID Motor A Motor B Motor C Motor D PE D.G. Stat. P Res. Stat. P Cur. Stat. P Power. Stat. Q Rea
NWC_RES |0.0581962257299157 [0.0671750772341789 | 0.0234231540620738 | 0.159337929087532 |0.133907234322453 |0 |0.446033355295082 [0.111927024268765 |0 -0.5000000. ~
NWC_COM | 0.188073408621696 (0.091207630609136 | 0.0286283562896101 | 0.0404696028681403(0.24384501755841 |0 |0.137240117587813 [0.270434966464994 |0 -O.SOOOOOO.D
NWC MIX |0.127238431158409 [0.0771340310804133 | 0.0261756379276999 | 0.0906390034221776(0.225036099813742 |0 |0.265920420431232 [0.187856376166326 |0 -0.5000000:
NWC_RAG |0.106595856030381 [0.0755700936445514 | 0.361470410653437 |0.0557236290807248(0.101145331026857 |0 |0.219715143477197 (0.0797795360868523 |0 -0.5000000:
NWV _RES |0.0922000840606639 [0.0759628312164063 | 0.0277041661234826 | 0.13446373861953  0.153919741970613 |0 |0.353160212792718 [0.162580225207586 |0 -0.5
NWV_COM)| 0.212546613760651 |0.0986831761950485 | 0.0279315827802641 | 0.0245634077455132 | 0.266614307881551 |0 | 0.0837171041239891 (0.285943807503983 |0 -0.5
NWV_MIX |0.163450498233608 |0.0860672703253064 | 0.0277030738503056 | 0.0627791211192055 | 0.258068206843145 |0 |0.176044997380701 [0.22588683224773 |0 -0.5
NWV_RAG |0.122556766371452 [0.0793810812650852 | 0.396279030599677 |0.0374033140755608 | 0.105168943166337 |0 |0.167923062287073 [0.0912878022348139|0 -0.5 -

Load Model - ' '

Powerflow Bus Data * 0 X Motor Data * Qo X
BusNumber BusName BasekV LloadlD Area Zone Owner P Q Voltage UD #Type|ID |LF. |PF |Ls Lps |lpps [Ra |Tpo |Tppo |H |Etrq|Vtrl |Ttrl |Ftrl [Vicl <
106 NORTHLD 115 |1 111 o 10000 | 1023064 ] Nwic M -« || |[[M3__[MAJ075[078[18 [012 [0.104]004 [0095]0.0021[01 [0 |07 [002[02 |1
202 MIDWAY 115 |1 T 1 o 300 | 150| 1.018718| NWV_RAY M2 [MB[075[078[18 [019 [014 [003 [o2 [00026]05 [2 [os [002]02 Jo75 =
208 SOUTHD |15 |1 T 1o 570010 | 1.030093| NI cOn M3 [Mc[o75|078[18 [019 014 [003 |02 [ooo26[oi |2 [oss[o02]oz [1
B AT G T E R amn col=| | M3 1A |oss|oes[31 o2 |oies|oo1 (08 [oooz6(ois[o o7 foos|1 1
T2 NorHGz 18 |1 T o 100 50 |2 NWC o M3 |1 [085/089]31 |02 [0a65(001 |08 [00026]1 |2 |07 [00s]o3 [1
302 SOUTHGL |18 1 1 1 0 100 |50 |1 NWC Rec|| (M3 |IC |085|0.89|31 |02 |0.165[001 |08 |0.0026/02 |2 |07 |0.05|03 |1
f— P Owe r F OW o0 o b R Sk b o s e Nwe s . ||| M2 [paoss[089[31 [o2 |oiss|oot [o& [o0026{015[0 o7 o1 [1 [1
= v ha nn lnoclnonlas A nicclang LY3 nnnncl " a7 n1 na R N
B m ] , ] m | v
Data PSLF - x| |esse - nox
lodrep “ 106 'USRLOD' 1 'CMLDBLUL' 121 0 132 27 146 48 ‘
#Composite load representation E -1 0 004 004 073 O H
cmpldw 106 "NORTHLD" 115 "1™ : #1 mva=-1/ 111 08 11
"Bss" 0 "Rfdr” 0.04 "Xfdr" 0.04 "Fb" 0.75/ 000625 1025 104 30 5

"Xxf" 0.08 "TixHS™ 1 "TfixL5" 1 "LTC™ 1 "Tmin" 0.9 "Tmax" 1.1 "step” 0.00625 /
"Vmin® 1025 "Vmax" 1.04 "Tdel" 30 "Ttap” 5 "Rcomp™ 0 "Xcomp® 0 / 0091 0225 1 07 05

"Fma" 0.127 "Fmb" 0.077 "Fmc" 0026 "Fmd" 0.091 "Fel" 0.225 / -0899 2 0586 1 0414 0

"PFel” 1 "Vd1" 0.7 "Vd2" 0.5 "Freel" 1 / 2 -0.500000029073231 1 1.50000002007323 -1
"Pfs” -0.999 "Ple" 2 "Plc" 0.586 "P2e" 1 "P2c" 0414 "Pfreq” 0 / 3 075 004 18 012 0104

"Qle" 2 "Qlc" -0.500000029073231 "Q2e" 1 "Q2c" 1.50000002907323 "Qfreq” -1 / 0095 00021 01 0 07

"MtpA™ 3 "MipB™ 3 "MtpC" 3 "MtpD” 1/ 002 02 1 99939 0.5

“LfmA" 075 "RsA" 0.04 "LsA" 1B "LpA™ 012 "LppA” 0.104 / 002 07 07 01

"TpoA" 0.095 “TppoA" 0.0021 "HA" 0.1 "etrgA” 0 / 3 075 003 18 019 014

"VirlA" 07 "TtrlA™ 0.02 "FrlA” 0.2 "VrclA" 1 "TrclA" 99999 / 02 00026 05 2 06

"Vir2A" 05 "Ttr2A” 0.02 "Fr2A" 0.7 "Vrc2A" 0.7 "Trc2A" 0.1/ 002 02 075 005 05

"LfmB” 0.75 "RsB" 0.03 "LsB™ 18 "LpB" 0.19 "LppE" 0.14 / 002 03 065 005

"TpoB" 0.2 "TppoB™ 0.0026 "HB" 0.5 "etrgB" 2 / 3 075 003 18 019 014

"VirlB" 0.6 "Ttr1B" 0.02 "FtrlB" 0.2 "VrciB™ 0.75 "TrclB™ 0.05 / 02 00026 01 2 065

"Vitr2B" 0.5 "Ttr2B" 0.02 "Ftr28" 0.3 "Vrc2B" 0.65 "Trc2B" 0.05/ 002 02 1 9993 05

"LfmC" 0.75 "RsC" 0,03 "LsC" 1.8 "LpC" 0.19 "LppC" 0.14 / 002 03 065 01

TTanl T Y Tema " AANIE TUCT A ka3 T L E L L

CERTS

0 0 0127 0077 0026

e Qutput
— .dyd record
— .dyr record

CONSORTIUM for
ELECTRIC RELIABILITY
TECHNOLOGY SOLUTIONS




ourly Analysis

e (Climate Zones
e Seasons
e Load Mix

Hourly Plots * 1 X
Peak Load 25 Hour Motor A MotorB MotorC MotorD PE. D.G.  Stat. P Res. Stat. P Cur. Stat. P Power. Stat, Load Model Fractions
e :] HEl |0191  |0127  |oois  |o274  |oo09s|o.000|0158 0.137 0.000 -050
HE2 [0201 [0127 [oo16  [o262  |0099|0.000{0144 0.151 0.000 -050 03
Climate Zone HE3 [0212 (0124 [o016  [0235  |0107]0.000{0.140 0.167 0.000 -050
NWI ~|| HE4 |0213 [0120 ([0018 [0298  |0.120]0.000{0.141 0.190 0.000 -050
— HEs |0215  [o110 [oo22  [oa46  |0137|0.000{0148 0.221 0.000 -050
HE6 [0210 [oaos  [oo28  [oa03  |oass|o.oo[oi7s 0.219 0.000 -050 025 7
HE7 |0204 [oa01  [oo34  Joosz  |oas7oco00|0217 0.206 0.000 -050
Load Mix HEg [0195 [o100 [o036 [oao8  |oiss|o.000{0.222 0.183 0.000 -050
Residential 05 HE9 (0204 0106 [0.038 |0242 |0147[0.000[0198 0.165 0.000 -054 02
ol I HE100207 [0111 [0.032 |0168  |0.1400.000{0.182 0.153 0.000 -050 g
HEl10214  [0114  [ood1  Joas2  |oi13s|o0.000{0169 0.145 0.000 050 3
Inductive {0 HE12[0222 [0118 (0040 [0.200 |0132[0.000]0.151 0.138 0000 EE o5
Agricultural | 0 HE13 0222 [0124 [oo3s  [o227  |oi127]0000[0133 0.130 0.000 050 ¢
Dota 0 HEl4 0221 [0129  [0037 [0253  |oi121]o000[0117 0.121 0.000 050 %
HE15|0225 (0131 [0035 [0262 |0121]0.000{0.109 0.118 0.000 -050
Service 0 HE16|0224 [0133 [0034 |0272 |0116/0.000{0110 0.111 0.000 -050 017
HE17 0201 (0133 [oo31  [o287  |o114ooo00[0125 0.100 0.000 -050
HE1gloa7s (0131 [oo2s  [o2e4  |oa21]o0.000{0150 0.101 0.000 -050
HE19|0a56  [0128  [oo26  [o2ee  |oa1190.000{0160 0.112 0.000 -050 0.05
HE200145 [0127 [o025 [o306 |o119]0.000[0162 0.117 0.000 -050
HE21|0136  [0126 [0025 [0311  |o0116/0.000{0175 0.112 0.000 -050
HE22|0135 [0.118  [0.026 |0288 |0.117/0.000{0.208 0.106 0.000 -050 .
HE23 0145|0116 [oo26  [0273  |o112|0.000{0222 0.107 0.000 -050 ST L e T e T L e T e
HE24 065 [0121  [o022  [o272  |oi107]0.000[0195 0.118 0.000 -050 2 4 6 8 lo ﬁm W% 80 2 oA
— Motor A — Motor B — Motor C = Mator D — PE — DG
— Static P Res = Static P Cur — Static P Power
4 n 3
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ourly Analysis

e C(Climate Zones
e Seasons
e Load Mix
Hourly Plots v 0 X
Peak Load 25 Hour Motor A Motor B Motor C MotorD P.E. D.G. St Load Model Fractions | Load Profile
Climate Zone HE1 |0122 |ooso  |0.024 o101 |0.150|0.000]0: .
HE2 |0.131  |0.087 0017 |0410  |0.157|0.000]0.2 Load Profile
NWC " HE3 [0134 o089 [0o016 [0.113  [0.161]0.000{0: i
Season HE4 |0135 |0092 0017 0109  |0.162]0.000]0.2 |
HE5 |0.131 |0.093 |0.020 0098 |0.160|0.000|0.:
Normal Summer ¥ |
ond M HE6 |0.119 |0.098 |0.026 0082 |0.162|0.000|0.
0ad Mix HE7 [0103 [0091 [0033 [o0e2 |0.149]0.000]0: 20
Residential 05 HE8 |0.092 0.082 |0.037 0.050 0.164(0.000 (0.4 _—
Commercial 0.5 HE9 |0.095 [0082 |0.042 [0047 |0.166|0.000]0. s |
. HE10 |0.103 |0.081 |0.048 0045 |0.167|0.000|0. o}
Inductive 0 =
HE1 |0.111  |0.081 0051 |0.045 |0.169|0.000|0. 5
Agricultural  © HE12 |0.123  |0.083 [0.052 [0.045 |0.171/0.000(0.2 g
Data 0 HE13 [0.130  |0.087 0051 0052  |0.171]0.000]0. 2104
corv 0 HE14 |0.133 |0.093 |0.048 0078 |0.168|0.000|0. . I
ervice HE15 0134 |0098 0045 0098 |0.173|0.000]0. i I I
Update Model HE16 0132|0102 0043 0113 |0.168|0.000]0.2 |
HE17 0124 |0.100 0041  |0.119  |0.169]0.000|0.2
HE18 [0.102  |0.092 0037 0118  |0.184]0.000]0. i
HE19 |0.085 |0.085 |0.036 |0.121  |0.189|0.000|0. 0
HE20 | 0.080 0.075 0.038 0.108 0.1940.000|0.2 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
HE21 |0075 |0.065 [0.040 [0.084 |0.196|0.000(0. Hour
HE22 |0.074 |0.052 0042 |0.055 |0.190|0.000]0. Bl votora  Mnotors Bmotorc B motorr Hee  Eoc
HE23 | 0.079 0.055 0.040 0.062 0.175/0.000|0.£ [] static P Res B static P Cur B static P Power
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Map

e Visualization of
composite load

Climate Zone Info

parameters on - E
the map for Ea=
different: @
— Climate zones .

— Feeder types e

— Seasons

— Operating hours
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Heat Map

e Motor D, Residential Feeder, Summer season

> o X
Climate Zone Info
Zone ID Nwe |
Zone Name |NnrlﬁwestCoast |
Cities Seattle 1
[] Heat Map
Feeder Type: | REs v
Load Component: MotorA
MotorB
MotorD
PE
DG
Stat P Res
Stat_P_Cur
Stat_P_Power
Hour Ending: 1
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Deliverables FY15

e LMDT 2.0 and tool documentation available at:
https://svn.pnl.gov/LoadTool

e Chassin D., Zhang Y., Etingov P., et al. “Load Composition Modeling and
Tools”, Pacific Northwest National Laboratory, Richland, WA, July 2015.

e James D., Kueck J. "Commercial Building Motor Protection Response
Report”, Pacific Northwest National Laboratory, Richland, WA, July 2015.

# Milestone/Deliverable Target Date

1 Tool Requirements May 2015 (completed)

2 Tool specification September 2015 (completed)
3 Tool prototype December 2015 (completed)
4 Final tool release September 2016 (completed)
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https://svn.pnl.gov/LoadTool

Industry Outreach

The LMDT application has been presented at different industrial
events including:

WECC Modeling and Validation Work Group (MVWG)
WECC Load Modeling Task Force (LMTF)
NERC Load Modeling Task Force (LMTF)

North American Transmission Forum (NATF) Dynamic Load
Modeling Working Group

Webinars for western and eastern interconnection utilities.
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Risk factors

e Risk factors are low.

 Feedback and guidance from industrial users are
very important for the success of the project.
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Future plans

Completed Projects

FRAT — Frequency Response Analysis Tool
PPMV — Power Plant Model Validation Tool
LMDT — Load Modeling Data Tool

FOD — Forced Oscillation Detection

OBAT - Oscillation Baselining and Analysis Tool

GMO0072

GMLC
Open Source
Suite for
PMU analysis

Data Readers

Event Detection

Load
Modeling

(GMLC)
Machine
Learning

Event
Detection

Kalman
Filter

Oscillation
project
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Open Platform for Engineering
Applications

Based on Open Source
Components

— Extended WPF
Toolkit™

— OxyPlot
— Math.NET

Create building blocks and
solutions for future and 3
party applications
Common data structure
and data exchange
protocols

Support external
modules/solvers

— Oscillation Analysis
— Model Calibration

Data Sources

PDAT

EE]E@(@

Commeon Data Structure

- Bad data detection

- Time-series aligning
- Event detection

- Oscillation Detection

CERTS

Applications

Oscillation

External Modules

I I I

F Y
Commen Data
Exchange Protocol

o
-
F 3

B
L

LMDT

Future and 3%

A 4

Advanced
Visualization

Y

CONSORTIUM for
ELECTRIC RELIABILITY
TECHNOLOGY SOLUTIONS



	FIDVR Load Modeling Tool
	Project Objectives
	Composite Load Model
	Past major accomplishments
	LMDT 2.0
	Technical Accomplishments FY16
	LMDT 2.0 Redesigned GUI
	LMDT 2.0 Database
	Commercial Load Database
	Commercial Load Database
	Residential Load Database
	Composite Load Model Settings
	Composite Load Model and Dynamic Records
	Hourly Analysis
	Hourly Analysis
	Map
	Heat Map
	Deliverables FY15
	Industry Outreach
	Risk factors
	Future plans
	Open Platform for Engineering Applications

