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1 Introduction

1.1 PROJECT STATEMENT

Our senior design project is about observing and analyzing new trends in distributions
systems as solar Photo-Voltaic generation is increasing in Washington, lowa. We will
collaborate to develop a solution that can handle extreme instability trends such as over-
voltage, reverse power, and etc.

1.2 PURPOSE

Our team is focused on making sure that Alliant Energy’s distribution system will
have the capabilities of handling an increasing PV generation. These tests will help
develop a steady system that will keep their distribution system running in a stable
fashion. Stability will be able to keep Alliant Energy’s solar Photo-Voltaic generation
attractive to their customers. Alliant Energy and our team are looking forward to helping
the energy grid become more eco-friendly.

1.3 GOALS

Our team will develop a possible solution by meeting various goals set by our
supervisor. We will first familiarize ourselves with OpenDSS and then use this program
to simulate a real world distribution feeder with high solar PV penetration. This feeder is
owned by Alliant Energy and we will partner with them to understand these trends.

Over-voltage, reverse power, and other trends will be tested in extreme scenarios such
as high generation or low demand. The trends will be analyzed systematically through
normal and extreme conditions to make sure the aging infrastructure can handle to stress
of solar PV generation. We will focus on residential solar PV generation.

After all scenarios are simulated, observed, and analyzed, we will discuss the
outcomes with our supervisor and Alliant Energy. Based on their feedback, we will come
up with the best solutions or guidelines to prevent these future problems associated with
high solar PV penetration.

2 Deliverables

Our deliverables will be better achieved by partnering with Alliant Energy. They own
the distribution feeder that allows us to simulate high solar PV penetration. This feeder
will be the key to our analysis.

One of our project deliverables is to perform a simulation of a real world distribution
feeder with high solar PV penetration that will be finished by the end of the project
design. Additionally, our team will conduct an evaluation and assessment for the worst
case scenario. Finally, the output of the project will consist of concrete solutions and
guidelines for the previously stated previsioned problems.
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3 Design

To achieve the most practicable solutions for a stable distribution system with high PV
penetration. We will follow these pre-determined phases:

Phase 1-b

Phase2

Phase3

Phased

4-Bus System

Y

4-bus System Power
Flow hand
calculations

-

Analysis

Progressively master
OpenDSS.

Simulate and solve the
4-bus System using
OpenDSS

Inject PV Power
source to the 4-bus
System and repeat
simulation

|

Individually keep
reading OpenDSS
manual

Discuss individual
discoveries during
team meetings

1< Compare data

Collectand
record

Findings

34-Bus System

Analysis

Red World Analysis

Coming upwith
solutions

Y

Ad more distribution
devices to the 3 4-bus
System for more
realistic model

—

Y

Simulate and solve
the 34-bus System
using OpenDSS

g Compare
data

A

Y

Inject PV Power
source to the 34-bus
System and repeat
simulation

Y

Convert Real world
Excel data provided by
Alliant Energy
To an OpenDSS model

3,/ Compare

Conduct Initial Power
flow Analysis

data

Y

Analyze Alliant Energy
Distribution
feeder using OpenDSS
under different PV
penetration levels

Analyze Collected
Dataand Discuss our
conclusions with our
supervisor and Alliant

Energy.

Present our Project by
explaining our
discoveries and
methodologies used
to come up with
solutions or guidelines
to to solve stability
problems associated
with high solar PV

penetration.

End of Project
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3.1 PREVIOUS WORK/LITERATURE

In the previous year, a group of students attempted a similar distribution system, their
project didn’t come up with a concrete solutions due to some administrative delays. Their
solutions consisted of the following:

Distribution Feeder

Current lines run at 13.2 kV, upgrading the
system to 24.9 kV will significantly increase
rated capacity and limit damage.

*» Significant cost to Alliant to make these
upgrades

* Additional expansion may be needed
sooner rather than later.

—

Residential PV Generation Level

Grid-Tie Inverter Solution with /
without Backup Power

* Proper inverter selection should
include the following:

* Reasonable cost

* Low maintenance with high
reliability

* Optimal operating temperature g
for maximum efficiency o

* Ability to expand with future
growth
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Residential PV Generation

Considerations for Inverters

* Frequency Protection/Tolerance
* Must meet interconnection requirements

* FERC/NERC Compliant
* Must Meet IEEE-1547-2003 Standard

» Setting configuration must be done by certified technician/electrician in
accordance with Alliant standards

IEEE — 1547 — 2003 Requirement is intended to:

Prevent Damaging Phase-to-ground voltages that may exist in unintentional islands after
the island forms but before it is detected and de-energized by the DR. (AKA anti-
islanding)

Prevent excessive desensitization of the area EPS ground-fault detection device
Facilitate detection of area EPS faults by the DR

Islanding — a condition in which a DG (DR) continues to power a location even though
electrical grid power from the utility is no longer present.
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Residential PV Generation Level

. 5 5 . Residential grid-tie solar with backup
Hybl'ld Inverter SO].utIOﬂ WIth o1 (Retrofit NET meter installations)

without Backup Power

« Self-contained DC to AC inverter

» Uses proprietary designs to add
Reactive Power to adjust voltage
levels, in order to optimize for export
to utility

« Battery Charger

« Integrated AC transfer switch

» Provides a true sine wave output

* Grid-interactive feature

+ Enables time management and
prioritizations of energy sources

Sclz?r}[etivqgr
Image courtesy of SEsolar.com & Schneider Electric
Residential Generation
Appron. Usse Usage Estimates
Trpe Power Consumption Number . Day * The typical house uses about 2.2
kWh/day
LED TV 0.1 2 4 * Maximum can occur at about 13.2
) kWh/day
LightsRoom 0.1 4 2 : : . . .
» Nine lead acid batteries, in series,
Washer 2.3 (each run) 1 1 would yield 120V at 40 Ah
» Which totals 4.8kWh or one Tesla
Dryer 2.3 (each nm) 1 1 .
Powerwall Li+ battery.
Dizshwazher 2.8 (each nm) 1 1

1.6/day
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Residential PV Generation

Battery Storage

Lead Acid
* PowerSafe SBS 190F by

* Low Self-Discharge

Residential PV Generation

Storage solution
Tesla Powerwall
* Home battery storage up to 7kWh

* A 10 kWh weekly cycle can be used for
backup

» Advertised as, “sufficient to power most
homes during the evening.”

Image Courtesy of http://www.taslamotors.com/powerwall

Batteries can be installed
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Cost Analysis

Inverter with Battery Upgrading Line
XW+ wisoftware $3.200 100 circuit miles of single phase
Lead Acid Battery ~§379 per battery 20 circuit miles of 3 phase
x9 batteries = $3.411 Load tap substation transformer

1 substation main circuit breaker

4 feeder breakers
Total $6.611 $9.735,000
Return on Investment $1,083 30 in federal tax credit + None
$180 per vear i peak hour
savings (based on Alliant
billing statistics)

Cost Analysis

Inverter with Battery Upgrading Line
XW-+ wisoftware $3,200 100 circuit miles of single phase
Lead Acid Battery ~§370 per battery 20 circuit miles of 3 phase
x0 batteries = $3.411 Lead tap substation transformer

1 substation main circuit breaker

4 feeder breakers
Total $6.611 $9.735,000
Return on Investment $1,083.30 in federal tax credit + None
S180 per year in peak hour
savings (based on Alliant
billing statistics)
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3.2 PROPOSED SYSTEM BLOCK DIAGRAM
Our team will be processing the project by dividing it into 3 main stages as follow:

Come up with
Compare, Discuss Preventive Solutions
and analyze findings achieve stable grid

Real world
Distribution Feeder
Simulation of Various
PV penetration levels

with Faculty Advisor tied High PV

) and Alliant Energy penetration
using OpenDSS Distribution System
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3.3 ASSESSMENT OF PROPOSED METHODS

Through OpenDSS we will be able to inject PV generation to various buses varying
the level of PV penetration. During each case we will observe and compare how the
distribution feeder respond to each scenario. Data will be collected in the form of
voltages, currents, and power values at all buses. By analyzing each case, our team will
define the proportion to where such PV integration starts causing problems to Alliant
Energy’s distribution system. Knowing the exact percentage will allow us to conduct a
more realistic simulations which would be more applicable to our client. Finally, we have
to come with preventive plan to solve problems such as voltage level variations due the
cycle nature of solar energy (day versus night), and reverse power flow.

3.4 VALIDATION

With the help of OpenDSS, a real data analysis software, an experienced faculty
advisor like Dr. Ajjarapu, and Alliant Energy as our client, we will be able to get an
ongoing feedback to help us certify each phase of the project.
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4 Project Requirements/Specifications

4.1 FUNCTIONAL

Project functional requirements:
There are three fundamental functional requirements for our project:
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In order to deal with the requirements more specifically, we did some research and we
found four possible specific requirements (potential solutions) that we would potentially
need to solve in our project:

2.Control
System

1.Load
Shedding

4.Storing
of Excess
Power

3.Redirect
DG power
flow

1. Distribution Load Shedding
Load shedding is a controlled way to prevent the unplanned events to the
electricity power system from blackout. In other words, based on our project—in
Washington, lowa, consumers could use their own green generation power (solar
PV) to feed themselves while the energy they are generating is sufficient and that
would lead them to be disengaged from the grid temporarily. Once the power that
they are generating is not sufficient, the system could draw them back to the grid
by a sensor. Load shedding can dramatically increase the efficiency of the power
usage of the grid in Washington area and it would effectively lead the power not
excess the maximum limit of the entire system.

2. Control System
The control system would possibly introduce a sensing mechanism that will detect
the feedback power and voltages into the distribution loads/feeders and reroute
the energy into a capacitor bank. The system can operate reversely to allow the
energy back to the grid when the system is at a lower stage of usage.

3. Redirect DG Power Flow
Modify the connection lines to the home—allow the excess of the power that
generated by each individual home to transfer to the nearest substation and have it
redistributed to the entire grid of the power system.
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4. Storing of Excess Power

Each individual customer may generate additional DC power by the solar PV and
it will be stored in their own batteries. Once the demand of a load is in some
specific scenario it could convert the excess power to an AC form and be
transferred to the distribution grid in case to compensate the additional demand on
utility lines especially in some high peak periods (hot summer & cold winter).

4.2 NON-FUNCTIONAL
Project Non-functional requirements:

There are four non-functional requirements/deliverable for our project:

1.Simulate a real
world distribution
feeder owned by
Aliiant Energy with
high solar PV
penetration

2.Assess the impact of
high PV penetration on
voltage profile of the
feeder for the worst
case scenarios such as
high genetration, low
demand etc.

3.Analyze and
compare the impact of
residential PV and
community solar PV
generation

4.Find some solutions or
guidelines that would
benefit Alliant Energy to
prevent future problems
associated with high solar
PV penetration

Deliverable




5 Challenges

Our group has encountered several obstacles during the process:

1.Software
issue

4.Knowledge
of area

Challenges

1. Software issue—OpenDSS is a free software to simulate the distribution power
grid but this software is not powerful enough and some of its functions aren’t user
friendly and difficult to operate, since it’s a free software.

2. Complexity of the real world distribution system in Washington area:
e There are 123 buses/feeders in the real system
e Even more complex when the solar PV introduced into the grid
e Need to find a way to balance the benefit for Alliant Energy Company and
functionality for the entire system

3. Data may not be accurate—the data we are dealing with is the data from the
previous years. The accuracy may vary since there could be more potential solar
PV introduced to the grid in the real world.

4. Enormous extending reading materials—what we learned from EE303 is not
enough understanding for this project. We need to frequently reference the
manual for OpenDSS, a whole textbook of power distribution system and other
related materials.
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6 Timeline
Our project will last a full year; below are detailed timelines for both semesters.

6.1 FIRST SEMESTER

Meeting with
Advisor
Mon /25 Residential P
Testing Finished &
; Study 32 Buses :
:;':: Fs«:s o Residental Prensentation
AArer 311 Man3/7 v.|mp¥'1 1 Fr5/

2016
Teetme Ve O Mond 23
Projectsign  Begin Studying Presentation
up tpEneS Preparation
: Man 3/14
Mon2/13 g
et Basic Stu
Begin Studying 4- e nog
PRIES S finshed  Mon3/28
OpenDss Combine Alliant
Energy's Model
Mon2/29
StudySolar PVin
4 Buses System
6.2 SECOND SEMESTER
Meeting & Second
Semester Starts
Mon 8/29 Meeting
. Conclude Alfiant Energy Project Finished &
Review & Run solutions & & Design Final Presentation
i Mention Problem
b 11 Mon 10/10 Mo ST Men12/22
2016
Mon 1128
Mon 3/25 Praseniation
Detect Eors & "eﬁ:“m
Problems
Powerpoint
Mon 10/24
SOP Finished

PAGE 15



7 Conclusions

After analyzing all of the project goals and challenges, we are thrilled to be working
the Dr. Ajjarapu and Alliant Energy to help this distribution system become one step
closer to a smart grid. Our goals for this senior design project are as follow: to simulate a
real world distribution feeder owned by Alliant energy with high solar PV penetration,
assess its impact for different cases, analyze and compare the impact of residential and
community solar PV generation, and find solution or guideline to their existing problems.
Our team will be able to achieve all the goals and deliver all the results to Dr. Ajjarapu
and Alliant Energy by the end 2016 fall semester. For the first semester of project,
residential solar PV generation effects will be fully understood and simulated via
OpenDSS. The fall semester will be spent on understanding these effects and forming a
solution. A formal SOP will be edited as a part of expected deliverable as well. At the
end of each semester, our team will conduct presentations to show our progress and end
results.
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9 Appendices

MeksSpring 016
Project preperation & Forus signing
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