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Project Information and Background

Project Statement:

Solar Photovoltaic generation is gaining popularity across the nation, including 

Iowa. Because of its volatility nature, when generation exceeds certain limits, it 

introduces undesirable stability issues such as transients, high voltage levels, and 

reverse power flow. Our senior design project is to predict and analyze these 

new trends associated with high solar photovoltaic penetration in distribution 

feeders. Our team is collaborating with Alliant Energy to develop a preventive 

plan to tackle these instability issue as more photovoltaic generation is added to 

their Washington distribution feeder.

dec1614@iastate.edu



Washington Area

▶ 35 miles South of Iowa City, IA

▶ 892 meters on the system

▶ Approximate Customers
▶ PV Customers: 56

▶ Highest Concentration of 

Residential solar in the entire 

Alliant Energy Service area.
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Goals

▶ Develop a working model of a real world feeder with high PV penetration.

▶ Discover what locations are points of interest, then connect solar in multiple 

configurations (community and residential).

▶ Use findings to determine some guidelines that would benefit Alliant Energy 

to prevent future problems related to high solar PV penetration.
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Milestones



Stage I: Learn Key Concepts and 

OpenDSS (Video)
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Stage I: Learn Key Concepts and 

OpenDSS (4-Bus System)

Fix Voltage P.U. with Capacitors

▶ Node 4 Phase A = 4538 kVAR

▶ Node 4 Phase B = 4178 kVAR

▶ Node 4 Phase C = 4178 kVAR
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OpenDSS is an electric 

power Distribution 

System Simulator (DSS) 

for supporting 

distributed resource 

integration and grid 

modernization efforts.

Black line: Phase A

Red line: Phase B

Blue line: Phase C



Stage I: Learn Key Concepts and 

OpenDSS (34-Bus System)

Test Plan

1. Fix Voltage p.u. With Capacitors

2. Manipulate Setting in Voltage Regulators

3. 24 hour Load Profile

4. 24 hour Solar PV Penetration

5. Observe Tap Changes, Losses, and 

Violations with different Solar PV locations 

and penetration
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Stage I: Learn Key Concepts and 

OpenDSS (34-Bus System)

Results

1. PV Penetration 0%-100%

2. 6 different locations for Solar

3. Losses

4. Number of tap changes

5. Number of Violations
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Stage I: Learn Key Concepts and 

OpenDSS 

Challenge

OpenDSS is not user friendly which creates coding errors 

along with collecting data and searching for information.
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Stage II: Alliant Energy System Study 

(Washington 1329-bus system)

Analysis plan

▶ Understand the real world 

system and locate points of 

interest.

▶ Match the output data in 

OpenDSS with the data 

provided by Darin.

▶ Add solar at points of interest 

with varying penetration 

levels.

▶ Develop a guideline to the 

amount of penetration 

possible on the feeder.
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Stage II: Alliant Energy System Study
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▶ Added a voltage 

regulator to the 

system

▶ Match data 

provided by Darin

▶ Rerun SynerGEE 

export with peak 

load conditions



Stage II: Alliant Energy System Study
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Loadshape for months of 

interest 

▶ July is Alliant Energy’s 

peak values

▶ May is Alliant Energy’s 

low load values

▶ January is highest 

duck curve loadshape
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Stage II: Alliant Energy System Study
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Challenge

OpenDSS has a limit to the amount memory in a .dss file. 

Therefore, Alliant Energy could not transfer over all of 

the system, through SynerGEE.



Stage III: Manipulating Alliant Energy 

System for Research

▶ North, South, Residential 

Regions

▶ Single solar site and 

distributed solar

▶ Power ranges from 10-100% 

of maximum load
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Stage III: Manipulating Alliant Energy 

System for Research

▶ Worst case scenario day was in May 

(38.6%)

▶ Single site experiences problems 

quicker than distributed sites
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NORTH – 70%

RESIDENTIAL – 110%

SOUTH – 50%



Stage III: Manipulating Alliant Energy 

System for Research

▶ Guideline

▶ Distributed configuration

▶ Residential Region

RESIDENTIAL – 110%



Stage III: Manipulating Alliant Energy 

System for Research

Challenge

Recording the number of buses experiencing reverse 

power flow. 
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Group Members Take Away
▶ Zhengyu Wang:

A deeper and better understanding of Solar PV and real world distribution system from 

designer and utility viewpoint. 

▶ Redouane Zaou:

Hands on experience on how utility companies simulate distribution systems to prevent 

possible problems in the future. Such analysis is crucial for the future of solar as a 

source of renewable energy. 

▶ Difeng Liu:

Searching for the best point of interest of adding solar PV and balancing the cost 

and functionality is essential to the project.

▶ Logan Heinen:

Strong understanding of how to operate OpenDSS and working with Solar PV.
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Conclusion

Special Thanks

▶ Prof. V. Ajjarapu

▶ Darin Lamos

▶ Ankit Singhal
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▶ With the growing desire and 

interconnection of PV at the 

distribution level.  

▶ Over-voltage, Reverse power flow, etc.

▶ Utilities are performing studies and 

taking action.



Questions?
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