
Alliant Energy–Solar Photovolaic (PV) & Energy 
Storage

Challenges:
• Working with a broad set of stakeholders, both 

internal and external, with varying levels of 
experience with Solar PV.

• Coordination with information technology (IT) on 
data paths and firewalls.

• Handling the risk of a first-of-this-kind project with 
high visibility at the company headquarters.

Outcomes:
• Solar PV still requires maintenance efforts. 

Ongoing quality assurance is necessary with 
inverter and sensor failures that require attention.

• Animals have caused more damage to equipment 
and wiring than expected. 

• The EPRI/Alliant Energy web-based dashboard 

is sharing valuable information for customers to 
make better informed decisions about adding 
solar PV to its premises.

• There has been tremendous public and customer 
interest in the project with little proactive 
communications, including tours of the site and 
external presentations on the project.

• There has been positive press around Alliant 
Energy having visible and innovative solar at the 
Madison office.

• The project has been great for public outreach as 
it is aesthetically pleasing and informative.

• The project has increased interest from Alliant 
Energy’s business customers about electric vehicle 
(EV) charging. 

• The popularity of the EV charger was higher than 
anticipated and more chargers were added on 
campus.

Dear Reader:

Welcome to the third installment of the Integrated Grid Technology Transfer Newsletter for 2017. As we 
approach the end of the year, the Integrated Grid Initiative Projects continue to provide important insights and 
highlight gaps in implementing new technologies. The challenges these demonstrations overcome will direct 
research at EPRI and elsewhere to help the industry move toward an optimally integrated power system. 

In this edition, we feature commentary directly from utility collaborators about their current progress and 
remaining challenges. This update includes highlights of SRP’s Advanced Inverter Pilot and key insights from 
EPRI’s microgrid demonstrations.  Mark your calendars for the upcoming Advisory meetings at the beginning 
of 2018, where these projects are sure to be popular topics.

Mark Duvall
Director, Energy Utilization, EPRI
Director, EPRI Integrated Grid Initiative
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Challenges and Outcomes of Pilot Projects: 
Each pilot project is at a varying stage of initialization, procurement, installation, and operation. Some projects 
are generating research results, and virtually all of them have improved our understanding of distributed energy 
resource (DER) integration.  As many projects are wrapping up, we have reached out to the utility collaborators to 
discuss the projects’ most difficult challenges and important results.  The insights from these hands-on experiences 
are critical to the evolving roadmap of future products, procedures, and standards that will drive us towards an 
Integrated Grid.

https://alliantsolar.epri.com/madison
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Louisville Gas and Electric & Kentucky Utilities (LGE&KU)–
Solar PV, Energy Storage and Microgrid

Challenges:
• Many of the controls for this system are custom and have 

required extensive work on the battery management 
system (BMS) software and firmware.  Custom software 
and firmware has enabled advanced controls as well as 
external data logging of numerous data points measured 
within the energy storage system.  However, it has also 
created difficulty in integrating the management software 
with other control systems and meters due to differences in 
communication mediums and protocols.

• As far as operation, all problems faced so far have been 
with mechanical auxiliary systems (e.g. HVAC, cooling 
water filters, etc.).

Outcomes:
• The results from this project are being considered in 

developing standardized data collection requirements 
for future systems.  This work will be compiled within the 
Energy Storage Integration Council (ESIC) testing protocol 
manual.

• Limitations of existing design approaches and standard 
requirements will be addressed constructively with relevant 
stakeholder groups to improve future energy storage 
deployment.

North Carolina Electric Membership Corporation 
(NCEMC)–Microgrid

Challenges:
• The biggest challenge was establishing communications, 

not only on site, but ensuring a robust connection back to 
the utility operations center in Raleigh. As this was toward 
the end of the project, there was heightened interest 
around bringing the project to completion and having the 
most complicated part take place at the end was not easy. 
Additional improvements continued on the communication 
platform including the receipt of PJM Locational Marginal 
Prices (LMP), for example.

• Another challenge was meeting the tough environmental 
conditions on site such as the salt-laden marine environment 
and 140 mph American Society of Civil Engineers 
(ASCE) wind design speed. Some of the components and 
hardware had to be beefed up, especially the solar panel 
and rack installation on the roof.

Outcomes:
• NCEMC developed and implemented six use cases for 

the microgrid including: demand response and energy 
arbitrage, ancillary services, renewable smoothing, 
islanding and resiliency, asset deferment, and power 
factor/quality improvement. These use cases have 
improved NCEMC’s understanding of microgrid 
capabilities and imparted valuable operational experience 
for future projects. 

Salt River Project (SRP)–Solar PV

Challenges:
• Dealing with the various authorities having jurisdiction 

(AHJs). Attempts to speed up or eliminate the permitting 
process by pre-approval with the building officials did 
not work. Unfortunately, there was limited communication 
between building officials and city inspectors. This resulted 
in failed inspections because inspectors didn’t understand 
or realize the nature of the work.

• Communicating with the installers and having a common 
“portal” to exchange project information. SRP staff created 
a SharePoint site, but found that updating information wasn’t 
always easy.  More granular details were often necessary 
to accurately reflect individual customers’ positions in the 
workflow.

• Difficulty implementing processes and procedures to 
simultaneously configure traditional assets with new smart 
inverters and a distribution management system (DMS). 
SRP was successful in adapting and quickly changing 
things up, but not having the expertise with this technology 
was a challenge.

• Vendors’ products didn’t always fulfill marketing 
expectations. SRP had to fully test the inverters and DMS to 
verify vendor claims.

Outcomes:
• Having the DMS communicate and control traditional 

distribution assets along with the inverters. Even though 
there have been struggles, it illustrates that moving to an 
advanced distribution management system (ADMS) with 
older and newer technology is possible.

• This project is showing that the inverters are performing as 
expected. This is important for utilities that seek and expect 
inverters to help provide grid support as necessary.
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Southern California Edison–Energy Storage

Challenges:
• Cross organizational collaboration poses challenges to 

identifying the right person or group to support a project 
data request.

• Contracting language needed to be updated to share the 
appropriate data for project execution. 

Outcomes:
• This project is leading the way to identify opportunities to 

improve the capabilities in power system modeling.
• Results and outcomes of the analysis may be useful for 

reporting to regulators.  

Tennessee Valley Authority–Energy Storage

Challenges:
• Working with multiple organizations and stakeholders to 

develop achievable project and research goals.
• Shared funding for the project between TVA and Local 

Power Companies (LPCs) who both must show value to 
their respective organizations.

Outcomes:
• Developed operational and test requirements for specified 

use cases.
• Building a collaborative spirit between TVA, the Local 

Power Company, and EPRI in working to design a 
successful project.

Integrated Grid Projects
There are currently 22 pilot projects underway focusing on both demonstration and analysis. The below table provides a glimpse 
into the focus areas of the projects.
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Project Spotlights
Salt River Project–Advanced Inverter Pilot

The Salt River Project (SRP), as part of EPRI’s Integrated Grid 
Initiative, launched the Advanced Inverter Pilot (AIP) in 2015.  
The AIP is part of an effort to better understand the impact 
and potential benefits of using residential smart inverters.  This 
project helps determine settings, communications, and control 
requirements of smart inverters, which will better position SRP’s 
distribution system to accommodate customer generation 
preferences.  Since its launch, SRP has gained 768 customer 
participants with PV systems. SRP is also controlling a commercial-
scale solar system on one of the feeders. The AIP has three main 
components to assess differences in how smart inverters are 
controlled on the distribution system. An overview of the control 
strategy for each component are shown in Figure 1. Figure 1: Smart Inverter Function Control Strategy for each Project Component

In component #1, all settings are configured once and remain unchanged throughout the project. For component #2, the volt-var 
curve is changed seasonally, while the remaining functions are unchanged. Component #3 involves actively controlling the reactive 
power functions using a distribution management system (DMS), which also operates traditional distribution assets such as capacitor 
banks. Component #3 is concentrated on a single feeder, which also contains a commercial-scale PV system, while the other two 
components are distributed across more than 400 feeders. 

EPRI is collecting data from each of the components to analyze the impact of these grid support functions on the SRP system. EPRI is 
also providing tools to determine the appropriate settings for each component as well as the distribution system-wide impact of these 
devices to enable SRP distribution planners to consider smart inverters in the future.  

Key Findings

Component #3 testing is ongoing. Analysis so far has focused on the accuracy of the inverter’s assigned volt-var curves in 
components 1 and 2. To do this, a tolerance band of acceptable reactive power response to voltage has been defined as shown 
in  Figure 2. Volt-var points at the edge of the tolerance band have an error value of 1, while volt-var points within the tolerance 
band have an error value less than 1.

Figure 2: Defined tolerance band for volt-var function
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Each inverter’s outputs are analyzed to quantitatively understand how close the output is to the assigned volt-var curve. Figure 3 
below shows the error of some participating customer’s volt-var curves by time of day. The shaded area represents the 10th and 
90th percentiles, while the blue line represents the median across the systems. The red line represents the near-worst case (1st and 
99th percentiles) values. While most sites have very low error and follow the volt-var curve closely, there is a noticeable increase 
in error during the middle of the day as well as the dusk and dawn periods. This shows that while distribution operators can rely 
on smart inverters to do what they are programmed to do, there are times when error in smart inverter response could occur.

Figure 3: Error from volt-var curve by time of day

Key Accomplishments:
• Smart inverter functions assigned across 768 customer owned PV systems
• Demonstration of smart inverter control at the commercial and residential scale in coordination with traditional distribution assets 

(LTCs, capacitor banks, etc.)
• Deployment of and analysis using four power quality meters, three at multiple points on the medium voltage side of a distribution 

feeder, and one at the output of a commercial PV system on the same feeder
• 99% of smart inverters expected to have reactive power activity have produced or consumed measurable reactive power  

Microgrid Research, Development and Deployment

As distributed energy resource (DER) technologies continue to evolve, utilities need operating and planning practices capable of 
accounting for these system changes. Specifically regarding microgrids, controller research and techno-economic frameworks to 
evaluate proposed solutions continues to progress. Early-stage microgrid research focused on creating a standard operational model 
and approach that could be deployed in different types of microgrids, each with unique resources and resiliency requirements. 
Several Integrated Grid pilot projects, aided by federal funding through the U.S. Department of Energy (DOE), seek to understand the 
feasibility of microgrid solutions and advance microgrid controller research and testing to aid it its commercialization.  These projects 
couple microgrid controller research and development with techno-economic feasibility studies to provide insight into microgrid cost-
benefit analysis. 

Controller Development

The relative immaturity of microgrid controllers and their interoperability is perhaps the largest technical barrier to wide-spread 
adoption and commercialization of the technology. Experience from other areas indicates that using common functional definitions 
and standard communication protocols will promote broader application and implementation of a technology. Thus, standardizing 
an approach to microgrid controllers is likely to improve the evolution of microgrid technologies.  
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A challenge to development and deployment of the technology is the capital cost and risk of “live” power testing of the control 
algorithms on actual power equipment.  Simulating real world conditions through hardware in the loop testing provides a platform 
to test of any portion of a closed-loop control system, whether it is based in hardware, software, or both. This allows the controller 
to be directly interfaced to a real hardware system (DER asset) and a real-time software platform simultaneously.  Testing of this kind 
can significantly advance the industry in terms of (1) ease installation and commissioning, (2) reduce operation complexity, and (3) 
scalability as required. The testing activities of these microgrid projects have been able to demonstrate and validate key functional 
requirements (each with specific performance metrics) of the microgrid controller including:

• Disconnection
• Resynchronization and Reconnection
• Steady-State Frequency Range, Voltage Range, and Power Quality
• Protection
• Dispatch
• Resiliency

Feasibility Studies

Microgrid projects are complex and unique due to a myriad of possible existing infrastructure and assets, customer load sizes/
types, and individual and/or community-level objectives. A key objective is the resiliency benefits that enable continuous power for 
critical loads during islanded conditions. Secondary objectives may also include the reduction of operating costs, increased DER 
penetration and utilization, limited greenhouse gas emissions, and improved local grid reliability. 

To address these objectives amid the complexity of the analysis, EPRI and its utility collaborators developed an innovative and 
replicable three-step framework to systematically assess and test any site for technical and economic viability. 
1. Feasibility Assessment–Initial selection and sizing of distributed energy assets (e.g. solar PV, energy storage, synchronous 

generators, controllable loads) is performed and the resulting cost/benefit evaluated. This is an often overlooked (skipped) but 
critical step when evaluating microgrids, and provides a technical and economic basis from which to conduct more detailed 
engineering studies. 

2. Engineering Study–Identify control and communication requirements of the microgrid and test them against steady state, 
dynamic, and fault characteristics of the conceptual microgrid using well-established modeling tools (e.g. EPRI’s OpenDSS, 
Power Factory). 

3. Laboratory Testing–Develop a holistic test plan for the specific microgrid site–establishing functional use cases, performance 
metrics, and control schemes to be evaluated–ultimately enabling the selection of a microgrid controller vendor.

Figure 4: Microgrid Research Areas
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By employing this consistent, replicable, evaluation approach, one can ensure that any microgrid site has a solid technical and 
economic basis when it enters final field demonstration. Using a multi-layer approach allows for a mapping of how costs and 
benefits are derived; each cost can be weighed against a resulting benefit. It also provides an approach to answer three key 
questions.

a)  What is the net value of the energy-producing DER? 
b)  Does the value of incremental reliability/resiliency outweigh the incremental cost?
c)  Does the total value of the microgrid outweigh its cost?

Figure 5: Integrated Grid Cost-Benefit Framework for Microgrids

Key Accomplishments:
• Recognition of the industry’s need to have standardized methods for performance verification across different microgrid 

controllers. 
• Demonstrating the performance of a microgrid controller through a three-step process: 1) laboratory setting, 2) power hardware 

in the loop, and 3) field site testing. 
• Adoption of the approach and results into IEEE microgrid controller standards which facilitate commercialization of these 

technologies.  
• Advancement in optimization models used to answer the technical questions needed to complete a techno-economic analysis 

of a microgrid.
• Development of a cost-benefit tool/analytical engine to understand how to value microgrids within current analytical frameworks.  

o  A key component of this work includes research on how to value resiliency in the power grid. 
• Adoption of the techno-economic framework for evaluating the feasibility of microgrid sites.
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About EPRI
The Electric Power Research Institute, Inc. (EPRI, www.epri.com) conducts research and development relating to the generation, 
delivery and use of electricity for the benefit of the public. An independent, nonprofit organization, EPRI brings together its scientists 
and engineers as well as experts from academia and industry to help address challenges in electricity, including reliability, efficien-
cy, affordability, health, safety and the environment. EPRI members represent 90% of the electric utility revenue in the United States 
with international participation in 35 countries. EPRI’s principal offices and laboratories are located in Palo Alto, Calif.; Charlotte, 
N.C.; Knoxville, Tenn.; and Lenox, Mass.

Resources

The Integrated Grid Online Community is the go to place to get everything you need to know on existing projects and latest learn-
ings. http://integratedgrid.com/ 

The Integrated Grid Pilot Projects First Year Update–This document provides an overview of the projects underway at the end of 
2015. 

Integrated Grid Pilot Projects Quarterly Update: Q1 2016–This document provides an update on the projects as of Q1 2016 and 
includes lessons learned and gaps identified to date.

Integrated Grid Pilot Projects Quarterly Update: Q2 2016–This document provides an update on the projects as of Q2 2016 and 
includes lessons learned and gaps identified to date.

Integrated Grid Pilot Projects Quarterly Update: Q3 2016–This document provides an update on the projects as of Q3 2016 and 
includes lessons learned and gaps identified to date.

The Integrated Grid: Annual Report 2016 Initiative Demonstrations–This document provides an annual update and overview of all 
20 Integrated Grid Pilots. It includes lessons learned and gaps identified through 2016 and information on several other related 
demonstration projects.

The Integrated Grid: Annual Report 2016 Initiative Demonstrations (Public Summary)–This document provides an annual update 
and overview of all 20 Integrated Grid Pilots and information on several other related demonstration projects.

Integrated Grid Pilot Projects Quarterly Update: Q1 2017–This document provides an update on the projects as of Q1 2017 and 
includes lessons learned and gaps identified to date.

Integrated Grid Pilot Projects Quarterly Update: Q2 2017–This document provides an update on the projects as of Q2 2017 and 
includes lessons learned and gaps identified to date.

Upcoming Meetings

Power Delivery & Utilization Program Advisory Meetings: Monday, Feb. 5 – Thursday, Feb 8, 2018, Coronado, CA

Power Delivery & Utilization Program Advisory Meetings: Monday, Sep. 17 – Thursday, Sep. 20, 2018, Atlanta, GA

Contact Information:

Project management: Steven Coley, scoley@epri.com; Ben York, byork@epri.com 
Project communications, media relations, and Integratedgrid.epri.com website: Annie Haas, ahaas@epri.com  
Project director: Mark Duvall, mduvall@epri.com

http://www.epri.com
http://integratedgrid.com/
http://integratedgrid.com/wp-content/uploads/2016/02/FINAL-IG-Pilot-Update-Feb2016.pdf
http://membercenter.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002008348
http://membercenter.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002008350
https://membercenter.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002008351
https://membercenter.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002008356
https://membercenter.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000003002009729
https://www.epri.com/#/pages/product/000000003002011035/
https://www.epri.com/#/pages/product/000000003002011036/
http://www.cvent.com/events/power-delivery-utilization-winter-2018-program-advisory-sector-council-meeting/event-summary-8654494d6d8c4e389abc6f2b083f2979.aspx?i=3aba6e33-dff5-44af-9795-e27da4bc0063
mailto:scoley@epri.com
mailto:byork@epri.com
mailto:ahaas@epri.com
mailto:mduvall@epri.com

