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1 Introduction 

1.1 PROJECT STATEMENT 

The amount of solar generation is increasing rapidly in Iowa, and the current systems are having 

problems (over-voltage, opposite direction power flow, the possibility of islanding, etc.) keeping up 

with all the additions. In this project, we are trying to assess the impact of high penetration solar 

power generation on distribution feeders and its effects on the power quality delivered to the 

consumer. 

1.2 PURPOSE 

The purpose of this project is to use computer-modeling systems to analyze the impacts of solar 

generation in the utility's distribution systems. This will be beneficial to the society because we will 

be able to find the adverse effects of high penetration solar generation before the implementation 

of the generation, so the customers never see the problems. Also, this project will allow for more 

solar power on distribution systems while limiting the problems seen.  

1.3 GOALS 

We have several goals that we would like to achieve. Our goals are shown below. 

 Simulate an Alliant-owned distribution feeder while incorporating solar PV generation into 

the simulation to observe the effects 

 Compare community PV generation and residential PV generation to determine the best 

way to incorporate solar power into distribution systems 

 Find solutions that will prevent future problems relating to solar PV generation on the 

Alliant Energy Systems 
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2 Deliverables 

The deliverables necessary in this project are listed below. 

 Voltage profiles and other necessary plots from simulations 

 

 Comparison of residential and community solar PV generation 

 

 Results of simulation with solar PV in certain areas 

 

 Possible solutions for modifications to distribution system  

 

 Cost Estimations  
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3 Design 

We have been using OpenDSS software to simulate an IEEE 34Bus distribution system with load 

shapes from different seasons throughout the year. Our latest task has been to introduce solar PV 

into the distribution system at certain points to figure out where it has the highest impact and 

where the voltage is out of bounds.  

3.1. SYSTEM SPECIFICATIONS 

3.1.1 Non-functional 

 Can the current Alliant system support high solar penetration as it exists now?  

o What modifications will the system need? 

 How much would modifications cost to the current system? 

o We are looking for the best solution with the lowest cost 

3.1.2 Functional 

 Analyze IEEE distribution systems.  

o Load profiles  

o Voltage magnitudes and angles  

o Voltage violations at busses  

 Add Solar PV to the distribution models  

o Compare the load profiles to those from the base case  

o Compare the power flows to the base case  

 Analyze the Alliant Energy bus system provided  

o Load profiles  

o Compare those when solar is added  

 Determine what modifications need to be made to the current Alliant system for it to be 

feasible to add residential and community solar PV 

 

3.2 PROPOSED DESIGN/METHOD 

We will not be able to reach a consensus on what we will implement until we get to analyze the 

Alliant Energy system. This will be the goal of the next semester as we are introduced to the Alliant 

Energy system. So far, we have been doing our analysis on the IEEE 34Bus system that gives us a 

good idea of how a distribution system will react when solar PV is introduced at certain points in 

the system and analyzed at different times of the year. We plan on simulating the Alliant Energy 

System to the full extent if a possible amount of solar PV was added to it shortly. Our analysis and 

problem-solving methods should translate over fully from the IEEE test cases to the Alliant Energy 

distribution system. 

 

3.3 DESIGN ANALYSIS 

We have been working with IEEE test cases and so far have just begun introducing solar PV into 

the 34Bus system. We will do the same with the 123Bus system and simulate different scenarios 
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with solar PV penetration during the summer and winter as well as during various times of the day. 

From this, we will discuss and plan to add voltage regulators and capacitor banks at specified 

locations in the system to regulate the voltage levels and keep them in bounds. 
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4 TESTING/DEVELOPMENT 

4.1 INTERFACE SPECIFICATIONS 

During our first meeting with our adviser, he explained which software we would be using for the 

entire project, which in our case is OpenDSS. We have could work with the software a lot over the 

course of the semester. It is the same software that we will eventually use to load in the Alliant 

Energy distribution system. 

 4.2 HARDWARE/SOFTWARE 

We have been using OpenDSS and will continue to use it for the remainder of the project. It is the 

leading software that is used to simulate our scenario for the 34Bus and 123Bus systems that we will 

be simulating. Eventually, we will use the Alliant Energy distribution system with our simulation 

and use OpenDSS to run it. 

We also use Excel to export data into organized files. This way, we can plot the data in graphs to 

explain what happened during the simulation clearly.   

4.3 PROCESS 

Shown below is our flow diagram: 

  

Receive task(s) from 
advisor

Make corrections in the 
work of our previous 

task(s) if needed

Work individually to 
accomplish seperate parts 

of the assigned task

Meet as a group to 
compare and understand 
results of individual tasks 
and compile presentation 

to show our advisor

Present our results to our 
advisor and discuss the 

results and possibly 
corrections  if needed
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5 Results 

This is a 34-bus system, which we analyzed according to months and over period of 24 hours.  

                       

 

Shown below are the load voltage plots, each group member had to analyze load profiles for 

different loads and see how capacitors and regulators affect the system. There were four cases that 

we analyzed of capacitors switched on and off and same for regulators. We did the same thing for 

three more cases. We looked for voltage violations shown by the red lines on top and bottom. 
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Below is an example of time series plots with an addition of capacitors. For this first, we had to 

calculate what capacitance value is required by the system to eliminate violations. Each member 

analyzed different month. We did see that December had the highest number violations and June 

had the highest standard deviation.  

 

 

The graph below describes how regulator taps change over a period of 24 hours for the month of 

June. We analyzed for December as well and noticed how the regulator was reacting to different 

loads.   
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When adding solar PV at different locations along the system we looked at the load losses as a 

function of the solar source, voltage violations, and regulator changes. We analyzed this at 1o 

different buses with individual generation (community solar), and then again with a solar cell at 

each load on the system (residential solar). We also analyzed each one of these situations at 

different penetration levels of 20%, 40%, 60%, 80%, and 100%.  

 

Here is the impact of solar on the voltage violations at regulator changes at 80% for all the different 

scenarios.  
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Then we ran an analysis to see what the line losses look like for all the different scenarios we 

described above.  
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This bar chart shows how much penetration is possible at each bus (assuming no other solar is 

present elsewhere on the system) before there will be voltage violations at the busses.  
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6 Conclusions 

So far this semester we have worked on a couple of different distribution systems in OpenDSS. 

Most of the work has been with an IEEE 34-bus test system where we have been familiarizing 

ourselves with the various features and capabilities of the program. We have also started to add 

solar PV cells to different parts of the system to see how it will affect the entire distribution system. 

This will give us a chance to learn how to use OpenDSS more efficiently because when we move to 

a more advanced system next semester, we will need to know how to do everything as quickly and 

concisely as possible. 

Our long-term goal going into next semester is to get an Aliant Energy system from a region in 

Iowa and do different solar penetration tests on it to determine what they will need to change in 

the system to be able to handle future residential and community solar expansion. 

To accomplish these goals, we will continue to talk with our advisor, and familiarize ourselves with 

OpenDSS. It is a very powerful tool, and we continuing to dig deeper into the different features. We 

will also use different resources online and in print to better understand how adding solar to 

distribution systems can affect the stability and effectiveness of the system.  
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8 Appendix 

4-bus system hand calculations: 
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