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Executive Summary

The University of Idaho seeks to ultimately have the capability of self-sustaining its energy
demands upon an emergency Avista outage. The “Take a Load Off” team of which this project is
building from constructed a load shedding scheme based on the 825 kW of power coming from
the Steam Plant and the full loads of the following buildings in prioritized order: McClure, CNR,
BEL, and GJL.

This microgrid expansion project looks at the integration of several new generation sources: a 1
MW backup solar array, a 140kW solar array on top of the IRIC building, and backup generators
within McClure, CNR, BEL, and GIL. Also, the design focuses on the emergency 480V circuits of
the existing buildings and adds the loads of the Steam Plant and the IRIC emergency circuits.
The study also serves to assess how much additional load may be supported from available
generation during different use cases.

The worst-case scenario is if Avista goes down during summertime at night and both wells on
campus need to be ran at the same time to support suppression in the event of a fire. The
PowerWorld model which was used to simulate the expansion reveals that the generation from
the Steam Plant and backup generators within buildings can be diverted to support the wells.
Backup generators will need to be synchronized to the grid for this to work. This is discussed in
more detail within the report.

Under a less severe use case where the Wells need not be supported, the backup generators
within McClure, BEL, and GJL are able to support their own emergency circuits islanded from
the grid. The IRIC has this same capability, but instead using its solar array. If there is not
enough sunlight, it can also use its designated backup generator. Excess generation from the
Steam Plant and Solar Backup Array in this case may be used to support additional emergency
circuits within buildings on campus that may not have backup generators or may be used in lieu
of running the backup generators in an effort to be more environmentally conscious.

Most of what has been explained regarding the use cases is based on the results of the Power
Flow analysis conducted within PowerWorld. Other analyses performed reveal pertinent data
and give insight into the functionality and operability of the Microgrid. These analyses include:
N-1 Contingency, Seasonal, Fault, and Load Shedding.

PowerWorld automatically indicates the best locations for remote breakers and can be seen
and toggled within the simulation. It has been assessed that six more SEL 751 relays and an
RTAC are required for the expansion, with more 751 relays needed as it grows further. Topics
such as further expansion, energy storage, black start, and integrating the load shedding
scheme developed by the “Take a Load off” team are recommended for upcoming projects.
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Background

The overall Ul microgrid scope includes the entire campus, with a total of 143 buildings, excluding
Northern farms. Currently, 12% of the campus load is expected to be provided by the new Steam
Plant turbines, of which 3% must provide electricity for the Steam Plant. The turbines are
expected to be placed in service by Fall 2020. The remaining 9% of annual power production was
allocated for the “Take a Load Off” project. Their project scope included designing the load shed
algorithm for the following campus buildings: McClure, CNR, GJL, BEL. The microgrid generation
considered for their project included the steam turbines in the Steam Plant and solar panels to
be placed on the roof of IRIC. They designed a module load shed scheme that can be scaled when
more generation sources are determined for the Ul microgrid.

Our project now takes into account the new generation source of the one-megawatt solar array
that has been proposed by the “SPBG” team to be in Lot 57 next to the Kibbie Dome with the
purpose of supplying power to the well pumps out near Winco. When the load of the wells is not
being demanded, the array can then be used to support additional critical emergency circuits
within buildings on campus. Our design also incorporates the use of emergency backup
generators within buildings to support their emergency circuits.

Problem Definition

With the addition of the one-megawatt solar array, critical loads on campus are to be assessed
and how much of campus could be supported by the new array shall be revealed. Also, the type
and location of equipment needed to expand the microgrid (switches, relays, etc.) need to be
determined. In addition, the microgrid performance must be analyzed with the different energy
sources, seasonal changes in total system capacity must be accounted for, and an economic
analysis conducted.

Microgrid Simulation Design

The decision was made to use the PowerWorld simulation software as opposed to the RTDS
simulation software that the previous team used. The reasoning for this is because whiel RTDS
is great for conducting real time testing of the RTAC controls and relays, PowerWorld reigns
superior in overall grid analysis. PowerWorld is robust and versatile and allows us to dive
deeper into revealing the effects associated with how this grid will and will not work. The
simulation is also modular and can be easily added to when it comes time for future teams to
expand the micro-grid even further.
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Power Flow Analysis (Worse Case Scenario)

Our design is based on a best case and a worst-case scenario. Figure 1 shows the worst-case
scenario.
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(would not run otherwise)

Note: All load power factors except for Wells assumed to be 0.9 lagging

Figure 1: Power Flow Worst Case Scenario

In the worst-case scenario, all necessary generation must go to power both wells running at
700kW. Here we can see that at rated power the one mega-watt array is sufficient to supply
both the real and reactive demands of the wells. Each critical emergency circuit within the
buildings is supported by its own backup generator. After meeting its own load demand, the
Steam Plant is still able to supply 645kW of power to additional load on campus. Under the
circumstances of the backup array being insufficient due to lack of sunlight or other failure, load
can be shed and power from the Steam Plant, backup generators, and the IRIC solar array can
be harnessed to support the full loads of the wells.
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Power Flow Analysis (Best Case Scenario)
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Figure 2: Power Flow Best Case Scenarlo

In the best-case scenario, the well pumps are not running and do not need to be supported.
This frees up the one mega-watt solar array power to now support a substantial amount of load
on campus. Now, between the array and the excess steam turbine generation, an additional
1.645 mega-watts of excess power is available. Both power flow analyses were done under the
assumption of rated equipment values and a 0.9 lagging power factor for building loads.

Seasonal Analysis

For the seasonal analysis, we used data given to us by Facilities and the Solar Backup Generation team
to simulate power flow analysis at each month, starting in January. The seasonal analyses were done at
normal operating conditions, with the microgrid islanded from the power grid. The monthly data from
the Steam Plant is using future planned additions. Based on our location, solar generation will be best in
the summer months and worst in the winter months and the opposite being true for the Steam Plant,
being best in the winter months and worst in the summer months. In the appendix, there are
instructions on how to change Powerworld to certain months so that you may view and simulate
different scenarios.

After conducting a power flow analysis of each month, we calculated the following data shown in
graphs. The following graph showcases the total load consumption and generation for the entire
microgrid design. This includes the backup generators, the noncritical loads, and the losses of
transmission lines and transformers. The total consumption is from the noncritical and critical loads
currently included in the microgrid design as well as the losses due to the transmission and transformers
calculated by Powerworld. As seen in the graph, we will have excess generation while islanded from the
grid and in the best-case scenario.
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Monthly Total Consumption and Generation
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The following graph shows all the different sources of generation and loads that we deemed important
and critical. Using the data, the following graph was created that showcases the monthly changes. The
graphs following show the loads and generation separate to have a more detailed look.
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Since the wells do not normally take much power to operate, there will be excess generation during all
months of the year. When both wells need power is when issues will start to occur, and load shedding
will need to be implemented.

Monthly Values for Loads
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The monthly generation values showcase that the steam plant will be the main source of generation.
Since the backup generators do not change depending on the month or season, they were not included
on this graph. The excess generation shown in the above graph is calculated from the total consumption
and total generation from the entire microgrid design in a best-case scenario.
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Fault Analysis

Solar Backup Array — Bus Fault — Single Line-to-Ground:

Bus Records:

I Number Name I Phase Vot A I Phase Volt B I Phase Voit C I Phase Ang A l Phase Ang B l Phase Ang C
1 1 SOLAR BACKUP, 0.22180 0.79696 0.94349 -76.98 -126.69 64.61
2 2 Array-Microgrid, 0.38773 0.99476 0.64654 3834 -121.02 71.19
3 3 Wells transform 0.35515 091118 0.59222 41n -118.24 73.96
4 4 Wells 0.35299 0.90563 0.58861 40.63 -118.73 73.48
S S Campus 13.2kV 0.99684 0.99684 0.99684 -0.37 -120.37 119.63
6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
7| 7 CNR XFMR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
10 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -12119 118.81
1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
12 12 GIL XFMR 0.99990 0.99990 0.999%0 -0.67 -120.67 11933
1 13 GIL 0.999%0 0.99990 0.999%0 -0.67 -120.67 119.33
14 14 GILBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
15, 15 BEL XFMR 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
16 16 BEL 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
17 17 BELBG 1.00000 1.00000 1.00000 29.32 90,68 149.32
18 18 MCCLURE XFMR 0.99935 099935 0.99935 -0.67 -120.67 119.33
19 19 MCCLURE 0.99935 0.99935 0.99935 -0.67 -120.67 119.33
20 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
From Imm um1u mmn1 To Mame | Circuit | Xtrme Phase Cur A Imnemshﬂ Phase Cur € Inmecuua Imu CurBTo |mmc..cro I
Number From From
2 AmayMicre 1 VES 2390285 L] 5960971 24531584 1142819.28 Ta2582.06
2 Amay-Mice 3 Wells trans 1 NO 245319.53 114252038 74257925 1619344 41546.20 2700288
3 Wells trans 4 Wells 1 YES 1619347 4154627 2700258 8906405 22850444 14851638
& Steam Plan $ Campus 13 1 VES 86474156 26474150 86474150 31445.10 3144510 3144510
L
».'g
NO
no
8 cnR 7 CNRXFMR 1 VS 000 0.00 00 0.00 0.00 a0
nNO
9 CHRBG 8 CNR 1 VES 1300255.50 1300255.50  1300255.50 75035444 750354.44 75035444
11 1RIC 10 IRIC XFMR 1 VES 002 0.02 002 000 000 0.00
12 GILXFMR 13 GiL 1 vES 0,00 000 0.00 0,00 0.00 0.00
1361 HGLEG 1 VES 26896.67 26896.67 2689667 2661046 4661046 4661046
15 BELXFMR 16 BEL 1 YES 000 000 000 0.00 0.00 000
16 BEL 17BELEG 1 VES 46809.79 4630979 46509.78 8111688 81116.88 8111683
13 MCCLURE 18 MCCLURE > 1 VES 0.00 0.00 0.00 0.00 0.00 0.00
20 MCCLURE £ 19 MCCLURE 1 YES 293855.16 253855.16 23388516 169577.42 169577.42 16357741
Generators:
Name of Bus | Phase CurA I Phase CurB | PhaseCurC | Phase AngA I Phase AngB | Phase Ang C I
1] SOLAR BACKUP 73090.05 40467.26 $9609.73 -85.88 149.80 59.95
6 Steam Plant 1105204.85 1105204,97 1105204.85 -56.12 176,12 63.88
9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.09 92.91
14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
17 BELBG 8114an 8111411 81114 3.39 -116.61 123.39
20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86
Loads:
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Mumber of Bus| Name of Bus 1D Phase Cur A Phase CurB | Phase Cur C
1 A4Wells 1 29063.91851 228504.14336 148515.93549
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 240469.37330 240469.37330 240469.37330
4 2 CHR 1 750352, 76275 75035276275 T50352.76275
5 11 IRIC 1 187206,55320 187206,55320 187206.55320
B 13 GIL 1 26802.40825 2630840825  26393.40325
T 16 BEL 1 46309.60342  46309.60342  46309.60342
2 19 MCCLURE 1 169574,81793 169574.81793 169574.31793
Solar Backup Array — Bus Fault — Line-to-Line:
Bus Records:
i Number l Name Phase Volt A | Phase VoitB I Phase Vot C | Phase AngA | Phase AngB | Phase AngC I
| 1 1] SOLAR BACKUP 1.00000 0.55856 0.44516 -30.57 153.84 143.90
| 2 2 Array-Microgrid, 0.89451 0.08188 0.82917 -29.44 -173.99 147.28
| 3 3 Wells transform 0.81936 0.07500 0.75950 -26.66 171,22 150.05
| 4 4 Welis 0.81436 0.07455 0.75487 -27.15 -171.70 149.57
| 5 5 Campus 13.2kV 0.99684 0.99684 0.99684 037 120,37 119.63
6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 037 -120.37 119.63
| 8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9| 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
| 10| 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 2 12 GJL XFMR 0.99990 0.99990 0.99990 -0.67 -120.67 119.33
| 3 13 GiL 0.99990 0.99990 0.999%0 0.67 -120.67 119.33
| 4 14 GILEBG 1.00000 1.00000 1.00000 29,34 -80.66 149.34
| 15 15 BEL XFMR 0.99983 0.99983 0.99983 -0.70 -120.70 118.30
| 16| 16 BEL 0.99983 0.99983 0.99983 070 -120.70 119.30
17 17 BELBG 1.00000 1,00000 1.00000 29.32 -90.68 149.32
18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 0.67 -120.67 119.33
19 19 MCCLURE 0.99935 0.99935 0.99935 0.67 -120.67 11933
| 20| 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
From IFlom M1To anbc1 To Name | Circunt | Xfrme Phase Cur A |FNu CurBFron Phase Cur € Imu CurATo |Phase CwrBTo | Phase Cwr CTo I
Number From From
SOLAR BAC 2 Amay-Miarc 1 &S 4154628 2320623 18494.85 1027383.25 $4043.54 952332.13
2 Array-Micre 3 Wells trans 1 NO 1027382.56 9404423 952332.50 37359.37 3419.79 463027
3 Wells trans 4 Wells 1 37359.52 3419.86 34630.34 20847738 18809.22 190466.88
& Steam Plan S Campus 13 1V B64741.56 864741.50 86474150 3144510 34500 nasao
8 CNR 7 CNRXFMR 1 0.00 0.00 0.00 0.00 0.00 0.00
9 CNR BG 8 CNR 1 1300255.50 1300255.50 1300255.50 75035444 75035444 75035444
11 1R 10 IRICXFMR 1 o0 02 002 000 000 000
12 GILXFMR 13 6Ga 1 000 0.00 0.00 000 0.00 0.00
136 WGNEE 1 2683667 26896.67 26896.67 4661046 4661046 4661046
15 BEL XFMR 16 BEL 1 0.00 0.00 0.00 0.00 =X 0.00
16 BEL 17 BELBG 1 46809.79 46809.79 46809.78 8111688 LRRELE-2) LIRRLE-)
19 MCCLURE 18 MCCLURE) ¥ Q.00 0.00 0.00 0.00 0.00 000
20 MCCLURE £ 19 MCQLURE 1 293855.16 293855.16 293855.16 169577 42 165577.42 16957741
Generators:
Number of Bus I Name of Bus I Phase Cur A Phase CurB Phase Cur C Phase AngA | Phase AngB l Phase Ang C
1] SOLAR BACKUP, 41546.21 76169.82 58548.72 -64.27 165.36 18.08
6 Steam Plant 1105204.85 1105204.97 1105204.85 -56.12 -176.12 63.88
9 CNRBG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
4 11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.09 92.91
5 14 GILBG 46610.98 46610.99 46610.98 2.77 -117.23 122.77
6 17 BEL BG 811141 8111411 8111411 3.39 -116.61 123.39
7| 20 MCCLURE BG 293848.04 293848.07 293845.04 -58.14 -178.14 61.86

Loads:



Mumber of Bus| Mame of Bus ] Phase Cur & | Phase CurB | Phase Cur C
1 A4 Wells 1 205476.54922  18308.883130 190466.51934
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 24046937330 240469.37330 240469.37330
4 8 CMNR 1 75035276275 75035276275 T50352.76275
5 11 IRIC 1 187206,55320 187206.55320 187206.55320
b 13 GIL 1 26808.40825 2630840825 26893.40825
I 16 BEL 1 46309.60342 4680960342  46809.60342
8 18 MCCLURE 1 168574.81793 169574.81793 169574.31793
Steam Plant — Bus Fault — Single Line-to-Ground:
Bus Records:
‘ Number .l Name Phase Volt A | Phase Vot B | Phase Vot C | Phase AngA | Phase AngB | Phase AngC
1| SOLAR BACKUP 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
| 2 Array-Microgrid, 0.99476 0.9%476 0.9%476 -1.02 -121.02 118.98
| 3 Wells transtorm 091118 091118 091118 176 -118.24 121.76
| 4 4 Wells 0.90563 0.90563 0.90563 127 -118.73 121.27
| S S Campus 13.2kV 0.39888 0.95684 0.63571 3993 -120.37 71.84
| 6 6 Steam Piant 0.21023 0.80360 0.93847 -74.29 -125.94 65.10
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 037 -120.37 119.63
| 8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
| 10 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 11 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 12 12 GILXFMR 0.99990 0.99990 0.99990 -0.67 -120.67 118.33
| 13 13 GIL 0.99990 0.99990 0.999%0 -0.67 -120.67 119.33
| 14 14 GILEBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
| 15 15 BEL XFMR 0.99983 0.99983 0.99983 .70 -120.70 119.30
| 16 16 EBEL 0.99983 0.99983 0.99983 £.70 -120.70 119.30
| 17 17 BELBG 1.00000 1,00000 1.00000 29.32 -90.68 149.32
| 18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 067 -120.67 11933
| 19 19 MCCLURE 0.99935 0.99935 0.99935 067 -120.67 119.33
| 20| 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
| From |’|o- Nm1lo nmubr1 Yo Name l Circuit L Mrmr m;'eoc-uvA |Pmse Cur Mwn‘ m::ocmmc lmn CurATo |the CurBTo IPMu CwrCTo
SOUAR BAC 2 Amayicre 1 VES 41546.23 4154623 41546235 1142519.50 1142515.38 114251538
2 Aray-Micrc 3 Wells trans 1 NO 1142520.63 114252063 114252063 4154621 415460 4154620
3 Wells trans 4 Wens 1 YES 4154625 4154624 4154625 22850434 22850433 226504.34
6 Steam Plan S Campus 13 1 ¥ES 007244 59915456 1412861.50 1258241 Jraasm 20083.22
NO
8 CNR 7 CNRXFMR 1 VES 000 0.00 000 0.00 0.00 000
NO
9 CNR BG 8 CNR 1 YES 1300255.50 1300255.50 130025550 75035444 75035444 75035444
1 IRIC 10 IRIC XFMR 1 YES 0.02 002 (04 0.00 0.00 0.0
12 GILXFMR 1361 1 1S 0.00 000 0.00 0.00 0.00 000
1B G 14 GILSG 1 ¥ES 2689667 26556.67 2689667 4661046 4661046 4661046
15 BEL XFMR 16 EEL 1 ¥ES 0.00 000 0.00 0.00 0.00 000
16 EEL 17 EELBG 1 ¥ES 46309.79 45505.79 46809.78 8111688 8111683 81116838
19 MCCLURE 18 MCCLURE > 1 YES 0.00 0.00 000 0,00 0.00 000
20 MCCLURE £ 19 MCCWURE 1 ¥ES 293855.16 293855.16 20385516 169577.42 169577.42 169577.41
Generators:
}. Number of Busl Name of Bus I Phase Cur A Phase Cur B I Phase Cur C I Phase Ang A ] Phase Ang B [ Phase Ang C
| 1 T]SOLAR BACKUP, 41546.21 41546.21 41546.21 6427 175.73 55.73
| 2 6 Steam Plant 1908291.15 1004418.26 1611507.04 -82.23 156,56 65.52
| 3 9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
| 4 11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.09 92.91
| 5 14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
| 6) 17 BELBG 811141 8111411 8111411 3.39 -116.61 123.39
| 7 20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86

Loads:



Mumber of Bus| Name of Bus D Phase Cur & Phase Cur B | Phase Cur C
1 3| Wells 1 228504,14336 228504,14336 228504.14336
2 5 Campus 13.2EM 1 12582.43793 3144510622  20053.22562
3 B Steam Plant 1 50746.36205 19205132472 226146.33873
4 2 CNR 1 750352, 76275 75035276275 75035276275
5 11 IRIC 1 187206,55320 187206,55320 18720655320
=] 13 GIL 1 268092.40825 26303.40825  26393.40825
7 16 BEL 1 46809.60342  46809.60342  46309.60342
[ 19 MCCLURE 1 1609574.81793 169574.81793 169574.81793
Steam Plant — Bus Fault — Line-to-Line:
Bus Records:
[ Number I Name Phase Volt A | PhaseVoltB | PhaseVolt C | Phase AngA | Phase AngB | Phase AngC
| 1] SOLAR BACKUP, 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
| 2 Array-Microgrid. 0.99476 0.99476 0.99476 -1.02 -121.02 118.98
| 3 Welis transform 09118 091118 091118 176 -118.24 121.76
| 4 4 Welis 0.90563 0.90563 0.90563 127 -118.73 121.27
| 5 S Campus 13.2kV 0.89350 0.07768 0.83380 -28.78 -170.62 147.92
| 6 6 Steam Plant 1.00000 055357 045018 -30.00 154.47 144.50
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 0.37 -120.37 119.63
| 8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
‘ 10, 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 12 GILXFMR 0.99990 0.99990 0.999%0 -0.67 -120.67 119.33
| 13 GIL 0.999%0 0.99990 0.999%0 -0.67 -120.67 119.33
| 4 14 GILBG 1.00000 1.00000 1.00000 2034 -90.66 149.34
| S 15 BEL XFMR 0.99983 0.99983 0.99983 070 -120.70 119.30
| 16 16 BEL 0.99983 0.99983 0.99983 £0.70 -120.70 119.30
| 17 17 BELBG 1.00000 1,00000 1.00000 29.32 -90.68 149.32
| 18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 0.67 -120.67 119.33
| 19 19 MCCLURE 0.99935 0.99935 0.99935 -0.67 -120.67 119.33
| 20 20 MCCLURE 8G 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
From IFreul Nw11e m1 To Name | Circut | Xfeme Phase Cut A lmu CquB Fr Phase Cur € lmn Cur A To lmn Cur 510 IMM CwCTo
Number From From
1JSOLAR BAC 2 Array-Micte 1 VES 4154623 41546.23 41546.23 1142519.50 114251938 114251938
2 Array-Micre 3 Wells trans 1 NO 114252063 114252063 114252063 4154621 4154621 4154621
3 Wells trans 4 Wells 1 ves 4154625 4154624 4154625 228504.34 228504.33 22850434
6 Steam Plan S Campus 13 1 V€S 86474450 478700.16 38929363 28185.28 245050 26301.56
8 CNR 7 CNRXFMR 1 Q0o 00 000 000 000 000
9 CNRBG 8 CNR 1 1300255.50 1300255.50 1300255.50 750354.44 750354.44 750354.44
11 1RC 10 IRICXFMR 1 o 00 0.02 000 0.00 0.00
12 GIL XFMR RER S 1 0.00 0.00 0.00 0.00 0.00 (X
13 G UGNES 3 26896.67 26896.67 26996.67 4661046 4661046 4661046
15 BEL XFMR 16 BEL 1 000 000 000 000 000 0.00
16 BEL 17 BELEG 1 4680979 46809.79 4680078 81116.88 $1116.83 5111633
19 MCCLURE 18 MCCLURE > 1 000 0.00 0,00 0,00 o 0.00
20 MCCLURE £ 15 MCCLURE 1 29388516 29385516 293855.16 16557742 16557742 16557741
Generators:
Number of Busll Name of Bus Phase Cur A I Phase Cur B l Phase Cur C Phase Ang A I Phase Ang B I Phase Ang C
1] SOLAR BACKUP, 4154621 41546.21 41546.21 -64.27 175.73 55.73
6 Steam Plant 1105204.85 202441334 1481439.89 -56.12 169.58 21.86
3| 9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
4 11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.08 92.91
14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
17 BELBG 8114n 8111411 8111411 339 -116.61 123.39
20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86
Loads:
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Mumber of Bus| Mame of Bus [0} Phase Cur A Phase CurB | Phase Cur C
1 4lwWells 1 22850414336 22850414336 228504.14336
2 5 Campus 13.2kW 1 28185.18772 245045978 26301.89217
3 & Steam Plant 1 2404609,38764 13311749710 108255.44053
4 8 CNR 1 750352, 76275 75035276275 7T50352.76275
5 11 IRIC 1 187206,55320 18720655320 187206.55320
5] 13 GIL 1 2689340825 2685340825 26893.40825
7 16 BEL 1 46809.60342  46309.60342  46800.60342
[ 19 MCCLURE 1 169574.81793 16957481793 169574.31793
IRIC — Bus Fault — Single Line-to-Ground:
Bus Records:
i Number Name Phase Volt A l Phase Voit B | Phase Volt C | Phase Ang A I Phase AngB | Phase Ang C
| 1] SOLAR BACKUP, 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
| 2 Array-Microgrid, 0.99476 0.99476 0.99476 -1.02 -121.02 118.98
| 3 Welis transform 091118 091118 091118 1.76 -118.24 121.76
| 4 4 Wells 0.90563 0.90563 0.90563 1.27 -118.73 121.27
| 5 5 Campus 13.2kV 0.99654 0.99684 0.99684 037 -120.37 119.63
| 6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 8| 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
| 10| 10 IRIC XFMR 0.00000 1.73205 1.73205 91.12 -151.19 148.81
| 1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 12 12 GIL XFMR 0.99990 0.99990 0.99950 -0.67 -120.67 119.33
| 13 GIL 0.99990 0.99990 0.999%0 -0.67 -120.67 119.33
| 4 14 GILBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
| S 15 BEL XFMR 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
| 6 16 BEL 099983 0.99983 0.99983 0.70 -120.70 119.30
| 7 17 BELBG 1.00000 1.00000 1.00000 29.32 -50.68 149.32
| 18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 0.67 -120.67 11933
| 19 19 MCCLURE 0.99935 0.99935 0.99935 0.67 -120.67 11933
| 20] 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
| From |From mm1le anbcul To Name I Circutt l Xfrme Phase Cur A lhuu (usho«[ Phase Cur € ll’hne CurATo IMu CwBTo IVMu (uv(loJ
Number From From
1 SOLAR BAC 2 AmrsyMicre 1 VES 4154623 41526.23 4154623 114251950 114251938 114281538
2 Asray-Micrc 3 Wells trans 1 NO 114252063 114252063 114252063 4156 415620 4194620
3 Wells trans 4 Wells 1 4154625 4154624 41546.25 22850434 22850433 22850434
6 Steam Plan S Campus 13 1 B64741.56 B864741.50 864741.50 3144510 3144510 3144510
8 ONR 7 CNRXFMR 1 a0 000 000 000 0.00 0.00
9 CNR BG & CNR 1 1300285.50 1300255.50 1300255.50 750354.44 75035444 75035444
1" IRC 10 IRIC XFMR 1 pA1) 0.76 178 0.09 0.03 006
12 GJL XFMR 1360 1 .00 Q.00 0.00 0.00 0.00 0.0
1360 14 G BG 1 2659%6.67 2689667 26896.67 4661046 4661046 4661046
15 BEL XFMR 16 BEL 1 0.00 0.00 0.00 0.00 0.00 0.00
16 BEL 17 BELBG 1 46805.79 46809.79 46809.78 81688 688 LIRRLY 2 Y
19 MCCLURE 18 MCCLURE > 1 000 0.00 0.00 0. 0.00 000
20 MCCLURE £ 19 MCCLURE 1 293855.16 293855.16 293855.16 16657742 16957742 169577.41
Generators:
Number of &u_‘ Name of Bus | Phase CurA Phase CurB | PhaseCurC | Phase AngA | PhaseAngB | Phase AngC
1] SOLAR BACKUP « 41546.21 41546.21 41546.21 -64.27 175.73 55.73
6 Steam Plant 1105204.85 1105204.97 1105204.85 -56.12 -176.12 63.88
9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
4 11 IRIC 187207.26 187205.82 187207.66 -27.09 -147.09 92.91
S 14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
3 17 BELBG 81114.11 81114.11 81114.11 3.39 -116.61 123.39
7 20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86
Loads:
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IRIC — Bus Fault - Line-to-Line:

Bus Records:

[ oo |ro

~ O W joo |~ion

JIPY BN Y Y Y Y
o [ oo fro

5

Mumber of Bus| Mame of Bus 10} Phase Cur A Phase Cur B | Phase Cur C
1 4)Wells 1 228504,14336 228504.14336 228504.14336
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 240469,37330 24046937330 24046037330
4 8 CNR 1 75035276275 75035276275 750352.76275
5 11 IRIC 1 187206.22341 18720649584 18720645283
& 13 GIL 1 26803.40825 26803.40825 2680840825
Fi 16 BEL 1 46309.60342  46809.60342  46809.60342
[i] 19 MCCLURE 1 169574,831793 16957481793 169574.81793

Y Y
WO 0o |~

Number I Name Phase VoIt A I Phase Vot B | PhaseVoltC | Phase AngA I Phase AngB | Phase AngC
1] SOLAR BACKUP, 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
2 Array-Microgrid 0.99476 0.99476 0.99476 -1.02 -121.02 118.98
3 Wells transform 091118 0.91118 091118 176 -118.24 121.76
4 Wells 0.90563 0.90563 0,90563 127 11873 121.27
5 Campus 13.2kV 0.99684 0.99684 0.99684 037 -120.37 119.63
6 Steam Plant 1,00000 1.00000 1,00000 -30.00 -150.00 90.00
7 CNR XFMR 0.99727 0.99727 0.99727 037 -120.37 119.63
8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
10 IRIC XFMR 1.00000 0.54173 0.45883 -1.18 -179.43 176.74
11 IRIC 1.00000 0.62642 0.37887 -1.19 -176.62 171.25
12 GIL XFMR 0.99990 0.999%0 0.99990 -0.67 -120.67 119.33
13 GIL 0.99990 0.99990 0.99990 -0.67 -120.67 119.33
14 GILBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
15 BEL XFMR 0.99983 0.99983 0.99983 0.70 -120.70 119.30
16 BEL 0.99983 0.99983 0.99983 0.70 -120.70 119.30
17 BELBG 1,00000 1.00000 1.00000 29.32 -90.68 149.32
18 MCCLURE XFMR 0.99935 0.99935 0.99935 -0.67 -120.67 119.33
19 MCCLURE 0.99935 0.99935 0.99935 067 -120.67 119.33
20 MCCLURE BG 1.00000 1.00000 1,00000 -30.60 -150.60 89.40

(]
©

Lines:
no-Nn-1!onmnM1!oMIC-cunl Xteme I Phase Cur A Imumsrm Phase Cur ¢ Immcwuo Phase CurBTo | Phase CurCTo
From From
SOLAR BAC 2 Amay-Mscrc 1 YES 4154623 4154623 4154623 1142519.50 114251938 1142519.38
2 Array-Micre 3 Wells trans 1 NO 114252063 114252063 114252063 41546.21 4158621 41546.21
3 Wells trans 4 Wells 1 YES 4154625 4154624 41546.25 22850434 22850433 22850434
6 Steam Plan § Compus 13 1 Yes 864741.56 86474150 864741.50 3144510 3184510 3144500
8 CNR 7 CNRXFMR 1 000 a0 a0 000 0 000
9 CNR BG 8 CNR 1 rl; 1300285.50 1300285.50 1300255.50 75035444 75035444 75035442
1 RC 10 IRIC XFMR 1 YES 000 1069604.33 1069604.38 0.00 38894.70 388%4.70
12 GIL XFMR 13610 1 YES Q.00 0.00 0.00 00 000 0.00
13 GR HGLEG 1 YES 26596.67 26596.67 26996.67 4661046 4661046 4661046
15 BELXFMR 16 BEL 1 YES 000 0.00 000 000 x 000
16 BEL 17 BELBG 1 YES 46809.79 46809.79 46809.78 8111688 8111688 8111688
19 MCCLURE 18 MCCLURE > 1 Yes 0.00 000 000 000 0.00 0.00
20 MCCLURE £ 19 MCCLURE 1 Yes 29388516 293885.16 293855.16 16957742 16957742 16957741
Generators:

i Number of Busl Name of Bus | Phase CurA Phase CurB | Phase CurC Phase AngA | Phase AngB | PhaseAng C
1 1]SOLAR BACKUP, 41546.21 41546.21 41546.21 -64.27 175.73 55.73
2 6 Steam Plant 1105204.85 1105204.97 1105204,85 56,12 176,12 63.88
3 9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
| 4 11 IRIC 187206.60 1164858.11 1025067.86 -27.09 -168.56 17.97
| 5 14 GILBG 46610.98 46610.99 46610.98 2,77 -117.23 122.77
| 6| 17 BELBG 8111411 81114.11 81114.11 3.39 -116.61 123.39
| 7 20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86



Loads:

MNumber of Bus| Mame of Bus D Phase Cur A Phase Cur B Phase Cur
1 A)Wells 1 22850414336 22850414336 22850414336
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 24046937330 240469,37330 2404659.37330
4 8 CMNR 1 75035276275 750352.76275 750352.76275
5 11 IRIC 1 187206.55320 117268.99513  70927.49842
& 13 GIL 1 2689840825 26B08.40825 268082.40825
7 16 BEL 1 46809.60342  46809.60342  46809.60342
8 19 MCCLURE 1 169574.81793 169574.81793 169574.81793

The fault analysis provides a selection of switches, as well as the setting of relays and stability of
the system operation. This analysis evaluated the faults at each of the individual bus fault
generation source (IRIC, Steam Plant, and Solar Backup PV Array). Each analysis from the
generation source consisted of a line to line and a line to ground fault. Depending on the
generation source there is a small difference of about 0.8 phase voltage difference. Each
analysis shows not only the fault voltages and phase angles but also the fault currents and
phase angles.

N-1 Contingency Analysis

Case 1:

Wells 25 M
g _f_ Steam Plant w45

A 312 Mar
P, A el transh Extra Load that may be Supported
Qg CNR - s wm
Array- M i/ Array-Wel A - OR X -~ BEL Note: MW/MVAR/MVA values all represent kW/kVAR/KVA values
iy ISCIoRry Ny e T T (would not run otherwise)
053 g | aar 7 0y
02 B A v Note: All load power factors except for Wels assumed to be 0.9 kaging

MG
SOLAR BACKUP ARRAY.)

70 MW
ST M:

e 0w ¥
“imS MCCLURE
e .
RIC FEE () j
- .
125 MW .
65 Myar

Figure 1. Power Flow Worst Case Scenario

To do the N-1 contingency analysis, make sure you lost just one element in the system.

As is shown in the figure 1, | disconnect the transmission line between Campus 13.2kV bus
and connection with every building including Array-Microgrid/Array-Wells bus, then | run the
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mode, it shows that each generator operates with their own load. Then we click the
‘contingency analysis’ at the menu bar to analyze the result.

Label Skip Processed | Solved Post-CTG|

AUX

Screen
Allow

Category Include Islanded

Load

Islanded
Gen

Global
Actions

Remedial
Actions

Custom | Violations
Remedial Monitor
Actions Violation:
YES e 700.00 0 0 0 0 0
YES 700.00 0 0 0 0

YES 0 ] 0

YES 700.00

YES 645.00 0 0 0 0

YES 0

YES

YES 0

YES 0 0 0 0

YES 0 0o 0 0 0
YES 0 0 0 0
YES 560,00 0 0 0 0 0
YES 0 0 0 0 0
YES 0 0 0 0 ]
YES L 20.00 0 0 0 0 0
YES 0 0 0 0

YES e 35.00 0 0 0 0 0
YES 0 0 0 0 0
YES 125.00

Transient|
Actions

oo |

»

<o

oo

w

10
n

13
14
15
16
17
18
1917
20/

22
23

o
=

[
2|5

Figure 2. Contingency analysis for case 1

Then | click the ‘Auto Insert’ at the bottom left, for me, | choose to insert single
transmission line or transformer and single generating unit into the table in order to show us
the result when opening each of them the circumstance for the mode, then | click start run at
the bottom right, it shows the result for the analysis in the figure 2.

For the Label column, it shows the actions we did, and also, we can clearly see the action at
the bottom right table when we select any label in the table.

For the violation column, it completely shows ‘0’, it means the system has no overloaded
line, what if it shows ‘1’, then it means there should have overloaded lines.

For the islanded load column, it means when you disconnect one element, you will loss the
corresponding power, like the first row, if we disconnect the transformer between solar backup
array and Array-Microgrid/Array-Wells, then we will loss 700 MW power.

Why the system has no violation? Because each bus has its own generation source, and no
connection with other sources, each source feeds its own load, no connection between source
and source.
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645 MW
312 Mvar

Extra Load that may be Supported

Campus, L2k bus
037 Dag

Note: MW/MVAR/MVA values all represent kW/KVAR/KVA values
Array-Microgrid/ Array-Wels (would not run otherwise)
” Note: All load power factors except for Wells assumed to be 0.9 lagging
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Figure 3. Disconnection of Solar backup array generator

B Asisshown in the figure 3, if | disconnect the solar backup array generator and click run
mode, there are no overloaded lines come out in the mode and that confirm the result.

Case 2:

‘x‘ 148
4T ‘ ‘
ONR ® .
i e GIL Tl ® BEL Note: MW/MVAR/MVA values al represent kW/KVAR/KVA values
. L
: - )

700 MW
500 Mvar
Wells £25 MW B
455 Mvar
il Steam Plant PO
- 312 Mvar
IRB, Wels tranformer i1y Extra Load that may be Supported
Campus 132V bus
. Bes

(would not run otherwise)

Array-Microgrid/ Array-Wels

B8
3
FE

125 Mw -
65 Mar é(_..
MoCLRE KR
Lo rN
os7om e

Figure 4. Power Flow Best Case Scenario

B Asis shown in the figure 4, | connect the buses between Campus 13.2kV bus and Array-
Microgrid/Array-Wells bus, click run mode, then we begin our analysis for the mode.

Note: Al load power factors except for Wells assumed to be 0.9 kgging



Label skip |Category [Processed | Solved | Include | Screen [Post-CTG|isianded [istanded| Giobal | Transient | Remedial [Custom |Violations |Max Branch|Min Voit [Max Voit|Max  |Max Bus
03 %

Remedial | Allow [AUX Gen | Adions | Adtions | Actions [Monitor Intertace| Pair
Adtions Violations s Angle
Es YEs . 0 0 0 0 3 1207 0790
1ES ¥Es one 70000 0 0 0 0 0
VES vEs 0 0 0 0 0
VES YES 700,00 0 0 0 0 0
VES YES 0 0 0 0 0
1ES Es 0 0 0 0 0
VES YEs 0 0 0 0 0
1ES VES 0 0 o 0 0
VES Es 0 0 0 0 0
o VEs Ves 0 0 0 0 0
M 1S YES 0 0 0 0 0
VES YS 5 MO none 56000 0 0 0 0 0
i Vs YES 0 0 0 0 0
) VES vEs 0 0 0 0 0
1Es VES 0 0 0 0 0
Vs vEs 0 0 0 0 0
1S YES 0 0 0 0 0
1S ¥ES 0 0 0 0 0
£ 1S Es 1 0 0 0 0 0
VES YEs 0 0 0 0 5 1207 07%
Vs VEs 0 0 0 0 2 089%2
Vs ves 0 0 0 0 0
VES YES 0 0 0 0 0
VES ¥Es 0 0 0 0 0
VES YES 0 0 0 0 0
6 VES VES ) 0 0 0
< >
Violations  what Actually Occurred x
Show related contingences. Combined Tables > Adtions | ™
Category Element l Value | Limit | Percent Area Name |Nom kv Assoc. R EACKUP ZRE FTRNITY |
Tous i
3
< >

Figure 5. Contingency analysis for Best Case Scenario

When we click ‘start run’ at the bottom right, the result is shown in the table, the first row
shows that the violation is 4, it means the transformer between solar backup array and Array-
Microgrid/Array-Wells is 5 overloaded, the Max Branch Percent means the maximum power
overloaded percentage we will see in the system. The min volt means that one of the buses
that the voltage is going down by 0.790.

Also, if we select one label, the violations will be clearly shown at the bottom left table in
detail corresponding to the label. At this table, the value means that the voltage will go down to
the value at this bus, and the limit means the regular voltage corresponding to the element.

Label Element Category Value Limit | Percent G Limit
Specified | Scale
Limit

1|1 000001SOLARBACKUPARRAY-000002Array-Microgrid/Array-WellsC1 | Steam Plant ( 6) -> Campus 13.2kV bus [ 5) CKT 1 at Steam Plant  Branch MVA 181045 1500.00 120.70 NO 1500.00
2|G_000001SOLARBACKUPARRAYU1 Steam Plant ( 6) -> Campus 13.2kV bus [ 5) CKT 1 at Steam Plant  Branch MVA 1810.51 1500.00 120,70 NO 1500.00
3|G_000001SOLARBACKUPARRAYU1 SOLAR BACKUP ARRAY (1) Bus Low Volts 08925 09000  99.17 NO 0.9000
4|T_000001SOLARBACKUPARRAY-000002Array-Microgrid/Array-WellsC1  Array-Microgrid/Array-Wells (2) Bus Low Volts 0.8925  0.9000 99,17 NO 0.9000
5|G_000001SOLARBACKUPARRAYU1 Array-Microgrid/Array-Wells (2) Bus Low Volts 0.9000 99.17 NO 0.9000
6/T_000001SOLARBACKUPARRAY-000002Array-Microgrid/Array-WellsC1 ~ Wells transformer (3) Bus Low Volts 0.9000 88.50 NO 0.9000
7|G_000001SOLARBACKUPARRAYU1 Wells transformer (3) Bus Low Volts 0.9000 88.50 NO 0.95000
8|T_000001SOLARBACKUPARRAY-D00002Array-Microgrid/Array-WellsC1 ~ Wells (4) Bus Low Volts 0.9000  87.79 NO 0.9000
9|G_000001SOLARBACKUPARRAYU1 Wells (4) Bus Low Volts 0.9000 87.79 NO 0.9000
10|G_000006SteamPlantU1 Campus 13.2kV bus (5) Bus Low Volts 09000  99.22 NO 0.9000
11|G_0000065teamPlantU1 Steam Plant (6) Bus Low Volts 0.9000 99,11 NO 0.9000

Figure 6. Contingency violation list table

Click the combined table above the violations table and choose to show the contingency
violation list so that we can see all the violations in the figure 6.
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700 MW
500 Mvar
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&qﬁ_ Steam Plant
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2 645 MW
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e A Wl transformer FiB g Extra Load that may be Supported
Campus 132KV bus
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Figure 7. Disconnection of solar backup array generator

Now, if | disconnect the solar backup array generator shown in the figure 7, then | click run

mode, it clearly shows that between the steam plant bus and Campus 13.2 KV bus, there is a
maximum power overloaded percent in the system and that confirm the data in the result

table.

0 Mvar

ampe Steam Plant @ s

$%BL % Wells transformer B Extra Load that may be Supported
a Campus 13.2kV bus
089 pu
A ? 1:36 Deg

»‘\ . 3 3 CNR
> 0 o
. o5 rred Note: MW/MVAR/MVA values all represent kW/KVAR/KVA values
. 2 -

Array-Microgrd| Array-Wels y: (would not run otherwise)
L —
2308 Note: Allload power factors except for Wels assumed to be 0.9 lagging

Ac
s, ——
SOLAR BACKUP ARRA@

1722 MW
968 Mvar

125 MW -
E <

Figure 8. Disconnection of steam plant generator

Also, if | disconnect the steam plant generator shown in the figure 8, then | click run mode,
there will be no place that overloaded and that also confirm the data in the result table.

What’s more, | can disconnect other single elements, disconnect one element each time,
including generator or transformer and generating unit for confirming the result.
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Load Shedding Analysis

For all electrical equipment, there is a rated voltage, but in practice, it is not completely guaranteed to work
at the rated voltage, which is a range around the rated voltage, generally required to be + 10%. In order to
protect the electrical equipment and process quality, if the voltage is lower than -10%, it is "undervoltage".
When the operating voltage drops below this voltage, the protection action will cut off the power supply.

1.The initial power of the steam turbine generator is 1000MVA, | changed it to 900MVA to
simulate the load in the undervoltage state.

Generator Information for Present E3
Status
Bus Numb : v =% Find By Number 0
S er [3 - Y O
Bus Name [Steam Plant v l Find By Name (® Closed
F z Energized
o ‘1—] Fd ... NO (Offiine)
Area Name {1 (1) ] YES (Oniline)
Labels ... [no labels l Fuel Type  Wood or Wood Waste v
Generator MVA Base| 900.00 Unit Type ST (Steam Turbine) v

Power and Voltage Control Costs OPF  Faults Owners, Area, etc. Custom Stability
Power Control

MW Output [825.000 | []Available for AGC Participation Factor
Min. MW Output | 0.000 | [ Enforce MW Limits during | oss Sensitivity [0.0000

—— automatic control
Max. MW Output |1000.000

)
"
"
.
'
"

1800 "o

Voltage Control
Mvar Output [254.752 Available for AVR Regulated Bus Number |6
Min Mvar (9900000 | = Desred Reg. Bus Voltage [1.000000 |
Use Capability Curve
Max Mvar |9900.000 Actual Reg. Bus Voltage |1.000000
Wind Control Mod "
on e Power Factor Remote Reg % | 50.0
Mode None v 1.0000 | S
MW
Min Mvar
Max Mvar
< >
OK Save Save to Aux Cancel Help Print
— & s 13000 o 100 ) ose _:,:
= ' uese 3 o
= : 2% poe 3%
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2. In the case of undervoltage, | simulated the load
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C.

wrae

333

§B5383588888888

¥.

° e bl
3 Wetn banetor | nx asy a0 a0
& wan J . 8 20050 b ad tx o0
[ 180000 18000 Cr) 200 me o 200 \
"o o mear e 0 '
o4 o 30 20 e el el '
o3 100000 . mn 220 ol '
0 ST o e '
L 190000 a0 “x 14200 " e 300 ‘
B a0 e oo [
I [ ed x2 " @ e '
X 100000 20 nx el s '
"% Qe Lo 3 4
cat oy nx e e b \
aze 1 o00om 10 nw 00 o000 ’
1" Aamest o heed '
9 MO ce Ll dd e "o i e '
20 NCCLN G e 100000 12500 ouss 200 oo '

d. Shed the MCCLURE load
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After comparing, the whole system is most stable when | chose to shed the CNR. Because the
voltage of campus is closest to 13.2kV when we choose to shed the CNR.
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Budget Summary

Micro-Grid Expansion Budget Fall 2019-Spring 2020

Items Cost P.U. Qty. Total

SEL-451-5 (Generator Synchronizer)  §  5,615.00 1 $ 5,615.00 Total Cost: S 37,344.24

SEL-3555 (RTAC) S 7,195.00 1 S 7,195.00
SEL-751 (Relay) S 990.00 8 S 7,920.00 Cost of Risk Insurance S 373.44

2 AWG Cable S 121 10200 S 12,342.00
1in 40 conduit S 4.15 1020 S 4233.00 Total Cost w/ Tax: S 39,958.34

1in 80 conduit S 6.54 6 S 35.24
2in 40 conduit S 831 0 S Total Cost w/ Taxand w/ 15% § 45,952.09

2in 80 conduit S 15.70 0 S

Total Cost during project: S 100.00

EXPO Poster ) 100.00 1 S 100.00

This budget is taken as the constant costs, such as the price of cable per foot that needs to be
run underground within the 1-inch conduit. Due to code standards 40 conduit can be run
underground, but 80 must be run above ground. Most of the conduit will be run within the steam
tunnels but for what isn’t it will be a variable cost. What makes it a variable cost will be the cost
of labor, cost of equipment, as well as how many feet will need to be dug up to code standards.
The other main variable cost consists of what type of landscaping and concrete work will need to
be done. On the right side of the sheet above you have the total fixed costs, with your cost of
risk insurance being 1% of the total fixed costs. The total cost was also adjusted with taxes as
well as inflation of up to 15% to give a more accurate representation. The only cost during this
project consisted of the EXPO poster.

Recommendations

There are several facets of this project that can be built upon for future projects. Firstly, the
exact equipment locations, interconnectivity, and communications can be analyzed and
optimized. Also, a team could work on doing a more in-depth analysis of the effects of daytime
vs. nighttime conditions. The load shedding algorithm developed in RTDS by the “Take a Load
Off” team could be integrated into Power World. Another path one could go down is to use a
CT to determine the actual power factor of the building loads and determine the issues
associated with the reactive power regulation and balancing within the system. Another option
would be to develop a script that integrates both load shedding and seasonal (monthly and
day/night) to simulate the status of the micro grid over the course of an entire year with
accurate weathering data. Finally, energy storage via the use of batteries or pumping water, for
example, is something a future team may want to explore to be able to harness the full
potential of the solar arrays.
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Appendix

Instructions to change months for Seasonal Analysis

These are the instructions to change through the different months for the seasonal analysis. This is for
Powerworld 20. You will need the different .aux files that correspond to the different months.

Step 1: Open the PowerWorld file, the Power flow analysis

Step 2: Click the Solve button -> Reset to Flat Start

Drraw Onelines Tools Opti

B

Solve Power Simulatar
Jow - Newton Options,,  Restore -

Power Flow Tools

Step 3: Click the Script button, highlighted below

Case Information Draw Onelines Tools Optio

X) Abort (o}
Edit Mode | < 52 ®
l Log . Solve -
Run Mode ' Solve Power Simulator
g? Script Flow - Newton Options...  Restore -
Mode Log Power Flow Tools

Step 4: Click the Auxiliary File -> Load Auxiliary File
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Script Command Execution Dialog: Submode = POWERFLOW [ x|
Auxiliary File Cuick Aux  Export Field Mames

Execute Execute on ENTER key Abort

Show Log Close

Step 5: Select the one of the month .aux files, then all the values should be changed to be from that
month. Close out of the above Dialog

Step 6: Click the Run to start the Power flow analysis (Green button) or any other analysis that you want
to do

tion Draw Onelines Tools Optic

®
S50lve -

Solve Power Simulator
Flow - Newton  Options...

Power Flow Tools

Restore -
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