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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 GJL. 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 UI 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 UI 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. 

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) 

Figure 2: Power Flow Best Case Scenario 

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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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.  

 

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: 

 

Lines: 

 

Generators: 

  

 

 

 

 

 

Loads: 
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Solar Backup Array – Bus Fault – Line-to-Line: 

Bus Records: 

 

Lines: 

 

Generators: 

 

  

Loads: 
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 Steam Plant – Bus Fault – Single Line-to-Ground: 

Bus Records: 

 

Lines: 

 

Generators: 

  

 

 

 

Loads: 



   
 

  1 12 
 

 

Steam Plant – Bus Fault – Line-to-Line: 

Bus Records: 

 

Lines: 

 

Generators: 

  

Loads: 
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 IRIC – Bus Fault – Single Line-to-Ground: 

Bus Records: 

 

Lines: 

 

Generators: 

 

 

 

Loads: 
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 IRIC – Bus Fault – Line-to-Line: 

Bus Records: 

 

Lines: 

 

Generators: 
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Loads: 

 

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: 

  

                                              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, I disconnect the transmission line between Campus 13.2kV bus 

and connection with every building including Array-Microgrid/Array-Wells bus, then I 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. 

 

 

 

 

                                            Figure 2.  Contingency analysis for case 1 

     Then I click the ‘Auto Insert’ at the bottom left, for me, I 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 I 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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                                            Figure 3. Disconnection of Solar backup array generator  

     As is shown in the figure 3, if I 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: 

                                                  
Figure 4. Power Flow Best Case Scenario 

  

     As is shown in the figure 4, I 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. 
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                                         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. 

 

                                            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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                                          Figure 7. Disconnection of solar backup array generator 

     Now, if I disconnect the solar backup array generator shown in the figure 7, then I 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. 

 

                                              Figure 8. Disconnection of steam plant generator 

 Also, if I disconnect the steam plant generator shown in the figure 8, then I click run mode, 

there will be no place that overloaded and that also confirm the data in the result table.  

 What’s more, I 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, I changed it to 900MVA to 

simulate the load in the undervoltage state. 
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2. In the case of undervoltage, I simulated the load after shedding CNR, GJL, BEL, and 

MCCLURE 

a. Shed the BEL load 

 

 

 

 

b. Shed the CNR load 
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c. Shed the GJL load 

 

 

 

 

 

d. Shed the MCCLURE load 
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3.  

 

CNR 

 

GJL 

 

BEL 

 

MCCLURE 

 

After comparing, the whole system is most stable when I 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 

 
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 

 

Step 3: Click the Script button, highlighted below 

 

Step 4: Click the Auxiliary File -> Load Auxiliary File 
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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 

 

 


