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List of Definitions

MISO: Midcontinent Independent System Operator

Eastern Interconnect: one of the 3 major grid interconnections in the United States. It borders the
Western Interconnection on the border of Nebraska and Colorado and stretches North-South from
Mexico to the Upper Canada.

Renewable Integration Impact Assessment (RI1A): a study performed by MISO to look into how
renewable energy, based on several projections, will impact the power grid in different ways.

Renewable Energy: Energy produced by renewables sources such as wind and solar.

North American Electric Reliability Corporation (NERC): A nonprofit corporation with the goal of
reliability throughout the North American power grid.

PLEXOS: Modeling software that is used by system operators to predict how the grid will be affected by
proposed changes.

Renewable Energy Penetration: amount of renewable energy that is on the grid or the area. This is given
in a percentage form.

Capacity Factor: The capacity factor is the average power generated, divided by the rated peak power.
Reported as a percentage or a number between 0 and 1.

Capacity Credit/Value: The capacity value is the average power generated during peak load, divided by
the rated peak power. Reported as a percentage or a number between 0 and 1.

Loss of Load Expectation (LOLE): A NERC requirement that states that any location cannot expect to
have a loss of load (under-generation) that is greater than one event in 10 years.

Expected Load Carrying Capability (ELCC): The largest amount of load that the grid could produce if all
generators were turned up to highest performance.
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1 INTRODUCTORY MATERIAL
1.1 ACKNOWLEDGEMENT
Special thanks to:
MISO Team: James O., Armando F., and Brandon H.
Iowa State Faculty: Dr. McCalley, Dr. Zambreno
1.2 PROBLEM STATEMENT

Renewable energy generation is currently the fastest growing source of energy in the US,
especially in the Midwest. Coupled with the retirement of older generation plants, there are many
unanswered questions relating to the impact of these changes on the US power grid.

The North American Electric Reliability Corporation requires studies from electric grid operators
such as MISO to do analysis on resource adequacy, otherwise known as the balance in energy
generation and demand. This project will analyze the impact of increasing renewable levels in the
energy grid. Researching the uncertainty of the future is the drive and goal behind this study.

1.3 OPERATING ENVIRONMENT

This project is being conducted within the various computer labs available across Iowa State
University. Most, if not all, of the team documents are accessible through the university’s online
data storage system called CyBox. The team chose Cybox because it promoted connectivity
between group members as well as the fact that work could also be done from remote locations if
a group member was otherwise unavailable to meet on lowa State’s campus. A virtual machine (or
VM) was also established that allowed team members to access PLEXOS remotely from separate
devices. This means the program was usable by all members without requiring each person to
own a high-powered personal computer.

1.4 INTENDED USERS AND INTENDED USES

The data gathered in this study was collected and processed with the intention of being reported
directly to MISO. The results will be encompassed into the already extensive analysis done within
MISO’s Renewable Integration Impact Assessment (RIIA). The data finalized by MISO within
RIIA is made public, and accessible by anyone wishing to view it. This includes anyone from the
general public to MISO Stakeholders whom are directly impacted by this project.

1.5 ASSUMPTIONS AND LIMITATIONS

There are many assumptions and limitations associated with the process and completion of this
project. For assumptions, there are two main categories; generation siting assumptions and
generation performance assumptions. Generation siting assumptions will be the most important
assumptions to document and understand. The project is built upon the base assumptions of
where to place new renewable generation to push past the desired penetration levels. These
assumptions are based on data like population density, state policies, capacity factor, capacity
value, and more as the project continues to mature.
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Another important assumption that ties into siting is how the team will perceive renewable
generation performance depending upon geographical location. This plays a large role into how
generation, especially renewable generation, is placed in the industry. The team will need to use
historical data to assume the performance of future sites. This historical data will be provided
directly from MISO, and allow an insight into the relation between location and generation
performance.

Team limitations will include the limited data provided to us, and our own technical knowledge
of the subject. However, our largest limitation will be time.

1.6 EXPECTED END PRODUCT AND OTHER DELIVERABLES

For each new renewable level studied, an effective load carrying capability (ELCC) of wind and
solar will be produced, along with documentation of related assumptions and description of how
the new renewable sources were sited. These will be used by MISO as information that can be
presented to stakeholders.

Weekly reports with detailed group development. This will allow MISO to track our work and
findings as we achieve them throughout the year.

All codes and scripts will also be delivered to MISO. These can be reused to make finding new
data for future studies faster.

One final report encompassing the findings and conclusions of the study, along with a
presentation to be given on the team’s findings.
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2 PROPOSED APPROACH AND STATEMENT OF WORK
2.1 OBJECTIVE OF THE TASK

There are several end goals that this project seeks to achieve. The main objective is to analyze the
effect of the increase of renewable energy resources, such as wind and solar, into the MISO
system on the loss of load expectation (LOLE) target. The team calculated capacity factor,
capacity value, and created a grading system that allowed one to quickly determine high-value
areas for additional renewable generation. This was done for different levels of renewable
penetration, which were simulated with PLEXOS, so one can determine a solid understanding of
how it will affect the LOLE.

One sub-goal that came with this project was learning new software such as PLEXOS,
kaleidoscope, and management software. While some group members had already attained
experience with these programs, others were experiencing it for the first time. As such, a small
portion of development went into teaching the inexperienced team members on how to use these
tools.

Additionally, at the conclusion of the study, the team planned to write and publish an official
paper summarizing the findings of this study. This is something both the team and MISO wanted
to see accomplished as it was an opportunity to learn how to write a document summarizing a
study as well as be able to use the team’ findings for future hiring and research.

2.2 FUNCTIONAL REQUIREMENTS
By the end of this project, the team is required to have completed the following:

A study worthy of being presented as a package to MISO Energy that could be reused as
something that they could present to stakeholders.

A Plexos Model that has been tested for accuracy.

A file that contains the scenarios needed to retrieve the data that is presented from the Plexos
model.

A program that will automate the finding of ELCC and LOLE.

A ranked list of all busses in MISO based on likeliness to build different renewable technologies
there.
2.3 CONSTRAINTS CONSIDERATIONS

e Learn project management - MISO is asking the team to pick some management software
to use for this project. This is an opportunity for us to learn something new and have that
in our pocket for future jobs/projects.

e Learn how to write a paper summarizing a large-scale study - MISO would like to see a
professional paper at the end of this project to explain the project, as well as learned and
used methods that were devised during the process. This is a chance for the team to
explain what was learned by each team member as they contributed to the project.

e North Electric Reliability Council (NERC) - This project is required to adhere to NERC
standards in relation to the resulting models and proposed changes to the grid. Any plan
that fails to uphold NERC standards cannot be considered valid by any reputable entity.
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e The involved team for this project seeks to uphold the core ethics of honesty, clarity, and
openness, both in its study and in any final documentation. Information gathered by this
study will be clear, honest, and is to not be falsified in any way.

e LOLE calculations (1 occurrence, on average, in 10 years is the current industry standard)

e |EEE Standard 762—2006 for reporting generating unit outages. This standard provides
a methodology for the interpretation of electric generating unit performance data.

2.4 PREVIOUS WORK AND LITERATURE

Towards the beginning of this assignment, MISO and Dr. McCalley supplied the team with several
documents containing examples of similar documented studies as well as general literature about
the topic for us to read, review, and use as reference. Although the previous studies may have
been similar, they do not necessarily focus on the topics this project seeks to expand upon. This is
why MISO is having the team conduct this project: because it is a very real study that MISO itself
has already been addressing in-house and requires further insight on in order to better predict the
future for their system. Listed below are the documents that were provided.

e (Capacity Value of Wind Power, IEEE Transactions on Power Systems

¢ Maintaining Reliability in the Modern Power System, U.S. Department of Energy

e Planning Year 2017-2018 Wind Capacity Credit, MISO

e Potential Capacity Contribution of Renewables at Higher Penetration Levels on MISO
System, Brandon Heath and Armando L. Figueroa-Acevedo from MISO

2.5 PROPOSED DESIGN

As of right now, renewable energy is the fastest growing type of energy in the United States. Our
project seeks to answer questions that will highlight the feasibility and potential problems that
might arise due to high levels of renewable generation sources being added to the grid. In
accordance with industry standard, the final design was planned around “one event in ten years”,
or in other words, only losing load one day in ten years due to lack of generation.

***Which is better- black or red?***

Our solution to discovering the feasibility of high amounts of renewables in the Eastern
Interconnect is the simulation of a simplified grid modeled in the PLEXOS software. This model
contains generation and load data of the Eastern Interconnect that was either provided to the
team by MISO or that was calculated by the team using the given data. PLEXOS will allow the
team to run studies on this data and calculate crucial values such as the Effective Load Carrying
Capability (ELCC) of wind and solar energy. In the future, this data could be used to site where
new wind and solar plants would best be placed.

Alternatives to these operations could be to use a different software. However, if this decision
were to be made, the entire framework of the model would have to be recreated from scratch and
all team members would have to become accustomed to the new software. The model used in this
study had already been built prior to the start of this project by some of the team members for
MISO. As a result, this base model was easily accessible and the team already had a decent
grounding in operating with PLEXOS.
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2.6 TECHNOLOGY CONSIDERATIONS

There are many types of software that exists to analyze the data that WE are trying to look at.
PLEXOS is the best choice or this project because it is one of the few programs that is free to
students and has a GUI. PLEXOS is already used in the industry to make decisions about the
power grid, and can therefore be noted as a respectable platform to conduct operations for this
project on. This also means that learning PLEXOS is a useful skill for after college, as it is already
a known program within the industry. However, a draw-back to PLEXOS is that the software can
be difficult to learn for new users, but a detailed guide on how to use the program, as well as team
members who had previous experience with the software, serves to mitigate this frustration.

2.7 SAFETY CONSIDERATIONS

This project is going to be completed only using the computer. No physical items will be built.
Our project builds a computer model and analyzes it to gain data. There are inherent risks to
working on the computer and they are not to be taken lightly. A simple internet search reveals
that computer related injuries are growing globally. Risks include but are not limited to: posture
related injuries from prolonged sitting, hand strain from typing, eye strain from looking at a close
screen for long periods of time, and shoulder pain from improper keyboard height. Preventative
measures will include: regular breaks to stand and walk around, looking away from the computer,
and proper seating. If any of these injuries occur during the project, WE will have the affected
party contact a doctor for further information.

***Which is better- black or red?***

Due to the nature of this project, which consisted entirely of analyzing and referencing data via
computers, the team did not have to consider the hazards of working with dangerous electrical or
mechanical equipment. While the team reviewed the same safety material and signed an
agreement acknowledging the understanding of the danger and availability of tools and facilities
provided at lowa State University, these facilities were never used except as a potential meeting
place for the team. Most of the time spent together and/or working was spent in very safe and
low-stakes computer labs located around campus. Because the final product of this project will
also be entirely comprised of data and its associated analytics, the team did not have to take
efforts to consider the physical wellbeing and safety of those around us or potential users when
compared to other groups.
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2.8 TASK APPROACH

Below, you can see the team’s early thought process as to how to approach this project.

Hold initial discussions Receive given data from Determine how to From the data, begin

with company and faculty MISO. Finalize calculate capacity credit creating heat maps that

clients and cement » understanding of data . capacity factor, and sitin!g » display capacity factors

understanding of project and how given variables ariteria ! of wind and solar

and goals. should be interpreted. ’ generators
Enter grid configurations Witr.] .heat maps L .
into PLEXOS and run additional criteria Receive PLEXOS software

- determined, begin siting wind and hold a PLEXOS

analysis. When LOLE value
is .1, then the model meets an_g solarr SOU;.CBS' g}retate ‘ workst;hop S0 t]tlat ."?.” ith
NERC standards. Use the grid configurations tha . members are familiar wi
e e e e contain 10, 30_, 50, and 10Q/u the program. Scale given
ELCC renewables with a 50/50 mix data to represent 2018.

(Optional) Begin creating a ] between solar and wind.

program that will automate

the PLEXOS process and Using same process as in

assistin ﬂ!"d'ng Phase 1, create models for

configurations that have 10,30,50,and 100%

LOLE of 0.1. renewables with a 75/25

split between solar and D) Phaset
wind. Compile findings and Fhase?

utilized methods into
Create program that a detailed report. @ Cosfan
automates PLEXOS and @ ostonai Pah
LOLE calculation. Test
program against manual
methods.

Figure 1: Phase 1 Task Approach Method

2.9 POSSIBLE RISKS AND RISK MANAGEMENT

In order to fully complete the project, the team needed to gain access to PLEXOS by submitting
various forms and information. All parts of the project that require the use of PLEXOS ran the
inherent risk of being stalled by this waiting process. Aside from this however, the only other
factors that held influence over the productivity and quality of the project are the group members
and their ability to further the project as well as retain control on all other classwork and
obligations.

Another source of potential error is the ever-constant human error that comes with all projects.
Entering incorrect data or omitting needed factors, are unwanted but sometimes inescapable
outcomes. However, the team's access to software like Kaleidoscope that allows the group to map
out the data and visually represent it serves as a useful source for factchecking calculated
information.

2.10 PROJECT PROPOSED MILESTONES AND EVALUATION CRITERIA

After the team retrieves all the data, they will need to come up with the necessary changes to the
data for each level of penetration. This will involve deciding the amount of each type of
generation needed at each point in the MISO bubble. As a team the task will be to come up with
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a viable data set, and then run it by the policy studies team to make sure everything checks out.
The hope is to have this done sometime this semester, preferably near the middle.

After the last task is completed, the design team wants to have data for ELCC under different
penetration levels for renewables. The team will want data for 10%, 30%, 50%, and 100% levels of
penetration. The hope is to have all this data collected by the end of this semester.

***Which is better- black or red?***

Milestones for this project were set such that all required data, planning, and understanding were
accumulated in order to effectively complete the next section of the project.

1 -Meet with MISO staff and university faculty in order to determine project mission, learn
important terms and processes, and establish methods for future communication.

2 -Receive given data and become accustomed to its application. Calculate capacity factor
and capacity credit values. Determine other necessary/desired siting criteria and develop a
process for selecting key spots to add additional generation.

3 -Become accustomed with PLEXOS and begin simulating the power grid model with
varying penetration levels of renewables with a 50/50 split between added solar and wind
sources. These additions will be representative of the data derived from milestone 2 and
will mirror the original findings.

4- Repeat Milestone 3 but with a 75/25 split between solar and wind.

e Grading criteria for milestones 3 and 4 is largely based on finding an LOLE of .1
and the project affiliated MISO and university staff whose expertise will provide
additional insight to any findings.

5- With all data verified by MISO and university staff, as well as the groups regimented
criteria, all findings will be culminated into a final report and presented to MISO.

2.1 PROJECT TRACKING PROCEDURES

Our team will meet via web-ex with the policy studies team and Dr. McCalley on a weekly or bi-
weekly basis to catch everyone up on what we've been doing, and what kind of progress MISO
hopes to see from us in the next coming weeks.

We'll also be using some sort of project management tool to divide up/keep track of the work that
people will be doing. We'll be following a tentative schedule provided to us by the MISO team to
make sure that we’re staying up to date with our work and staying on schedule.

***Which is better- black or red?***

The team planned to meet with MISO and Dr. McCalley on a once-a-week basis for the duration
of the project. This was decided upon in order to have consistent contact with experienced
individuals who could provide high-quality insight to operations on the project or answer
questions for the team.
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Additionally, the team frequently documented operations in weekly reports which allowed team
members to document individual contributions, logged hours, and state planned contributions
for the following week.

Lastly, a Gantt Chart was created at the beginning of the project which set a loose outline for
times that certain milestones would be completed and new sections of the project would begin.
This model was also designed to be easily modified incase late changes to the project developed.

2.12 EXPECTED RESULTS AND VALIDATION

The results of this study will be information on how MISO can expect or even plan future
renewable energy sources to be added to the Eastern Interconnect. A tiered list of geographical
coordinates of where additions will be placed, as well as the expected output of those additions,
and the already existing sources that will be retired as a result of the additions will be derived for
each level of energy penetration for both mixes of wind and solar that were studied. As previously
stated, these findings will be verified by checking findings against criteria set out by MISO, the
team, and NERC standards. Examples include having a grid model with an LOLE of one outage
per ten years, realistic ELCC values and positioning of sources that do not hinder or require
building over large amounts of civilian homes.

2.13 TEST PLAN

Testing in this project will be done by repeatedly running simulations through PLEXOS for the
varying energy penetration levels of different mixes of solar and wind. In this study, the team will
be checking energy penetration levels of 10, 30, 50, and 100% for a mix of 50% wind energy and
50% wind energy and solar as well as a mix of 25% wind energy and 75% solar energy.

The team, having already devised a list of busses in order of most desirable to least desirable and
the associated amounts of wind and solar delegated to these busses to meet each penetration level
for both mixes will enter the data into the PLEXOS model and run a simulation. PLEXOS itself
will then determine the LOLE of the proposed model, with the group desiring an LOLE of .1
specifically as previously stated. If the proposed model does not have a calculated LOLE of .1, then
the team will look to adjust the grid model and rerun the simulation until the desired LOLE value
is derived from PLEXOS.

From the verified model, the team will then be able to derive the ELCC values of the wind and
solar sources within the model, which is the second core calculation for each penetration level.

By the closing end of the project, the group intends to have this process fully automated via a
Python script that will continually run simulations in search of an LOLE value of .1 and be capable
of calculating the ELCC.
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3 PROJECT TIMELINE, ESTIMATED RESOURCES, AND CHALLENGES

3.1 PROJECT TIMELINE

" = an automatically calculated cell
START UDUNAIID
TASK NAME START DATE END DATE ON DAT" H'[DHK
Phase 1 8/27/2018 12/5/2018
Meet MIS0 Staff + Learn Important
Terms g/27/2018  9/3/2018 0 7
Calculate Capacity Factor & Credit 9/3/2018 9/17/2018 7 14
Generate Heat Maps 9/17/2013 9/24/2018 21 7
Recalculate and Regenerate Heat
Maps [Due to bad data) 9/24/2018 10/1/2018 28 7
Create Siting Criteria 10/1/2018  10/21/2018 5 20
Siting Criteria Calculations 10/21/2018  11/5/2018 5GS 15
List Busses in Order of Desirability 11/5/2018 11/12/2018 70 7
Grouped Busses for Penetration
Models + Calculated Averages 11/12/2018 11/26/2018 77 14
Phase 1 Report & Presentation +
Run MT Maodel 11/26/2018  12/5/2018 91 9
Phase 2 1/14/2019 5/1/2019
10% 50/50 Model 1/14/2018 1212019 140 7
30% 50/50 Model 1/14/201%  1/28/201%9 140 14
50% 50/50 Model 1/14/2019  2/11/2019 140 28
100% 50/50 Model 1/14/2019 3/4/2019 140 49
10% 25/75 Model 3,/4/2019 3/11/2019 1839 7
30% 25,75 Model 3/4/2019 3/18/2019 189 14
50% 25/75 Model 3,/4/2019 4/1/2019 189 28
100% 25/75 Model 3/4/2019 4/15/2019 189 42
Python Automation Code 1/14/2019  2/25/2019 140 42
Final Documentation + Presentation  4/15/201% 5/1/2019 231 16

Figure 2: Senior Design Timeline

The project has been split up into two halves, or “phases,” that will take place during fall semester
of 2018 and spring semester of 2019 respectively. Phase 1 focused primarily on the group preparing
and setting the foundation for what can be considered the major part of the project, that being
the grid modeling and simulation in PLEXOS that also allows the group to calculate LOLE and
ELCC values in order to validate the makeup of the model.

The groundwork itself included getting every member of the team to deeply understand he
mission statement of the project as well as the many terms and considerations that are
commonplace within the power industry and the project.

Afterwards, the rest of phase 1 was put towards calculating needed values and gathering other
related data in order to create and utilize siting criteria for placing additional sources across the
grid. This began with calculating average capacity factor and average capacity credit values from
the years of 2007 to 2012 for wind, rooftop solar, fixed solar, and tracking solar sources. With
given geographical coordinates of where the connections for these sources could be placed, the
team was able to generate heat maps that visually displayed the highest and lowest yielding areas
for each technology.

SDMAY19-24 9



Unfortunately, the data that was used for the first round of heat maps was not of the quality
MISO or the group had originally thought, and the group had to use another week to recalculate
and regenerate the capacity values and heat maps with higher quality data. With calculations
complete and a better understanding of what areas were best for what technology, the group
moved forward to create siting criteria that would be considered in order to rank each connection
site.

The team decided that each generation type would require its own intricacies in regards to
calculating a siting “grade.” Examples of changes would be having a higher focus on available
landmass for wind or fixed/tracking solar farms while high population density was favorably for
rooftop generation. However, the largest factor in the grading of all technologies was the
calculated capacity factor for the given bus. From the grading system, which was implemented in
Microsoft Excel, the team was able to list the generation sites in order of most desirable to least
desirable according to the created criteria.

Finally, the group was able to obtain PLEXOS licenses for each team member, and the team began
to delve into working with the program by practicing with another model.

In Phase 2, the team will be fully prepared to undertake the operation of PLEXOS and will begin
to simulate the models created according to the graded siting criteria. The models for both mixes
will be run in parallel with each other, as by finishing the 10% model for a given mix means that
the model for 30% penetration is already a third done and so forth for all other penetration
models.

3.2 FEASIBILITY ASSESSMENT

As previously stated, in order to increase chances of a high-quality final product, the project has
been split up into two sections: Phase 1 and Phase 2, with each phase having a specific turn-in at
the end.

The purpose of Phase 1 is to allow group members a chance to familiarize themselves with the
vocabulary that is intrinsic of this type of project as well as the various software programs that
need to be utilized. The final turn-in for Phase 1 will be a report detailing the calculations and
other criteria that was either given or created by the group in order to finalize the siting criteria
for the siting grading system that will be used to determine the order in which the team adds
generation to individual busses. The thresholds the group will be looking to achieve for each
penetration level will also be calculated and the amount of expected generation that will be
achieved from each bus will be calculated and summed to ensure the threshold is being met.

By Phase 2, the group will hopefully have a deeper understanding of how to utilize PLEXOS and
will have documentation on what renewable sources should be added to which bus for all 10%,
30%, 50% and 100% penetration levels for both the 50%/50% and 25%/75% mixes of solar and
wind. The team will then proceed to simulate these models in PLEXOS and until an appropriate
LOLE value of .1 is achieved- this value signaling that the grid is in fact functional by modern
standards. From the data in PLEXOS, the team will then also be able to calculate the ELCC for the
renewable sources within the grids. The team will delegate 7 weeks to the 50%/50% model due to
the fact that it will be the team's first time attempting this process. Afterwards, with gained
experience, the 25%/75% model should be expected to take 6 weeks. The rest of Phase 2 will then
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go towards finalizing the final turn in of the project. The final turn in will be a finalized report
containing the data gathered from Phases 1 and 2, as well as the group's conclusions regarding the
siting and capacity additions made and which configuration of siting and penetration level is
currently best.

Major challenges that will be encountered in this project stem from the fact that some group
members do not have the industry experience that the other group members do. Therefore, a
portion of time needs to be carved out to allow the less experienced group members to acquaint
themselves with some of the given software and common vocabulary used in this project. To
remedy this, the first 4 weeks of the project will be split up into 2 learning periods where the
group will focus on the vocabulary and important topics associated with the project and the
second term will focus on working with the required software.

3.3 PERSONNEL EFFORT REQUIREMENTS

The hope for this project is that all group members will be able to work on the main project to
some degree. Some group members have positions that require them to handle things for the
group that do not directly relate to working with PLEXOS or calculating ELCC or LOLE values,
while others do. As a result, the latter mentioned group members may put more effort towards
the main project and constructing the varying penetration level grids than those who are expected
to lead other group members or work on needed side-projects such as automation.

With this in mid, each group member is still required to put their best effort towards their given
tasks and to assist the rest of the group in ensuring the project is completed in an efficient and
timely manner. If a group member is unable to complete their work, or productivity begins to
slow down, group members may have to take over rolls for others or put in more time when
needed to stay on course. This will hopefully be a last resort measure, as the purpose for splitting
up work among the group members and assigning lead roles that correlate to each individual’s
interests and strengths is to avoid unnecessary drops in productivity.

Task Description Time Frame

Learning Period There must be a basis 1-2 weeks
understanding of terms and
concepts before moving into
working with data.

Calculations in Preparation The team must calculate ~2 months
for Ranking and Initial capacity credit/factor values,
Modeling generate heat maps, create

siting criteria for ranking,
apply siting criteria and rank
busses, evaluate busses and
put into the model.

Modeling for all cases Once the team has a base All of second semester.
model, they will need to

evaluate it for all percentages
of renewables (10, 30, 50, 100)
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for each of the following
mixes of wind and solar:

50/50, 25/75

Table 1: Personnel Effort Chart

Note: As a group, we assume everyone will pull their own weight and that everyone is, on average,
putting in an equal amount of effort.

3.4 OTHER RESOURCE REQUIREMENTS
Required resources include:
-PLEXOS software for modeling and running calculations on grid configurations

-Associated data for PLEXOS including siting and generation data for a 2024 model that
will be scaled back to represent 2018 data.

-Open source NREL data regarding weather patterns for predicating solar and wind
generation

-CyBox collaboration platform for working on documentation
-R-Studio & Kaleidescope for creating locational maps of the Eastern Interconnection
3.5 FINANCIAL REQUIREMENTS

There are no financial necessities for this project. All assets used are either open-source programs
or were given to the group at no expense.
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4 CONCLUDING MATERIALS

4.1 CONCLUSION

With renewable resources being the fastest growing energy resource in the US, and many older
generation units retiring, there is an uncertainty on what the grid of the future will look and
behave like. In recent years the conversation on understanding these changes has been rapidly
changing and beginning to dive into the specificities of topics.

Our project aims to be a part of that conversation, by expanding the knowledge on resource
adequacy of our energy grid for varying levels of Renewable integration.

This will be done by closely working with MISO and advisors at lowa state. WE will be developing
and carrying out a model building process. These models will be the estimated future grid of the
Midwest, including new levels of Renewable mixes. With these WE will be able to directly study
the impact the changes have by utilizing PLEXOS to understand the LOLE and ELCC of the
additional renewables. This project plan lays out the steps WE intend to follow to help grow the
understanding of future changes on our energy grid.

4.2 REFERENCES

Bakke, Jordan. “Renewable Integration Impact Assessment (RIIA).” MISOEnergy.org, Planning
Advisory Committee, 18 Apr. 2018.

Bouchecl. “Eastern Interconnection.” Wikipedia, Wikimedia Foundation, 5 Jan. 2018,
en.wikipedia.org/wiki/Eastern_Interconnection.
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4.3 APPENDICES

North American Regional
Reliability Councils
and Interconnections
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Senior Design Gantt Chart

" = an automatically caleulated cell
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Generate Heat Maps 9f17/2018 9/24/2018 21 7
Recalculate and Regenerate Heat
Maps [Due to bad data) 9/24/2018  10/1/2018 28 7
Create Siting Criteriz 10/1/2018  10/21/201% g 20
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305 25,75 Model 3/4/2019 3/18/2019 189 14
505 25,75 Model 3/4/2019 4/1/2019 189 28
100% 25/75 Model 3/4/2019 4/15/2019 189 42
Python Automation Code 1/14/2019  2/25/2019 140 42
Final Documentaticn + Presentation 4/15/2019 5/1/2019 231 16
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