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1. Executive Summary

This report describes the implementation of 1-MW of distributed Li-ion energy storage on a
distribution circuit in the DTE Energy service area. DTE Energy is a Michigan based diversified
Energy Company that provides electric service to 2.1 million residential, business and industrial
customers in southeast Michigan.

DTE Energy has worked with selected sub recipients, consultants, contractors and vendors to
demonstrate the use and benefits of distributed energy storage, often referred to as Community
Energy Storage (CES), in a utility territory and to test the ability to integrate secondary use
electric vehicle (EV) batteries in the CES demonstration.

This is the first large scale utility community energy storage project with an aggregated capacity
of I-MW. Its 21 energy storage systems were managed by a Distributed Energy Resource
Management System (DERMS). This DERMS was created to allow aggregation of any asset
within the DTE Energy service territory using utility industry protocol (DNP3).

This project installed 18 S&C Electric (S&C) supplied 25kW/50kWh CES units, a S00kW Li-ion
battery storage device integrated with a 500 kW solar system and two repurposed (secondary
use) energy storage systems using Fiat Chrysler Automobile (FCA) 500e EV batteries. The first
CES unit was installed at the DTE Energy Training and Development Center in Westland, MI for
installation training, verification of work and operational procedures, and engineering design
documentation. The remaining 17 CES units and the 500 kW battery are installed on a
distribution circuit designated as TRINITY 9342 located near Monroe, MI. The repurposed
batteries were installed at DTE Energy headquarter and at Next Energy Center in Detroit.

The project objectives are to integrate the CES units into the electric utility system, determine the
performance of the CES and the control system, and the development and integration of CES
devices from secondary-use battery. The analysis identified gaps, improvements, and suggestions
on how devices and control systems can be standardized.

A number of project objectives were evaluated in this demonstration project, such as:

e Develop CES system for grid support

e Integrate energy storage into utility engineering standards

e Develop installation procedures

e Develop a DERMS and integrate CES operation and control

e Demonstrate the aggregation of distributed battery systems

e Determine performance improvements on the grid

e Determine economic value of energy storage at a utility in the MISO energy market
e Determine the multiple layered economic benefits of energy storage in MISO

Page 8 of 302
©Copyright 2015, DTE Energy All rights Reserved



e Demonstrate how to create a secondary use EV battery system

e Evaluate the cost of deploying repurposed EV battery system vs new batteries

e Perform sensitivity cost analysis on the application of CES in the DTE Energy
distribution service area

There were initial challenges due to a change in battery supplier in the project that caused delays
in deployment the CES systems for the demonstration portion of the project. Once field
installations started, additional anomalies that were not discovered in the factory testing. These
materialized in the battery management system (BMS), and power conditioning system (PCS)
software, and in various hardware components that were corrected. Some of those events caused
outages to the customers fed from those battery systems. All know anomalies were corrected
resulting in a more robust CES battery system. This is why it is so important to have field
demonstration projects to identify product issues to help accelerate the adoption of new
technology projects. Developing installation procedures, integrating the CESs into engineering
design and training of field personnel was straightforward.

The refurbished batteries, due to lower cell cost, can be an economic solution as was shown by
the DNV GL economic analysis. In this project, the EV battery modules were tested prior to
them being repurposed without any signs of capacity degradation or failures. However, after
commissioning and operating the systems a number of cell failures in the battery modules
occurred questions the reliability and longevity of a battery system using used EV batteries. This
project did not perform analysis on the bad battery cells, but the failures can be attributed to any
number of causes. For example, the failures could be due to the EV packs being early prototype
system or the harsh driving environment the EVs were subjected to when the prototype vehicles
were being tested.

This project successfully used DNP3 protocol through the DERMS to test 23 use cases outlined
in section 4.5. These use cases range from testing communication to individual CES units to
testing of aggregation of all batteries based on distribution circuit model commands and
dispatching due to high locational marginal pricing (LMP).

DNV GL performed two detailed cost effectiveness analyses on the test circuit to evaluate if the
CES could be economically justified either as peak shaving deferral or as frequency regulation
service. The analysis was performed using both new and repurposed battery packs to determine
if low cost or free batteries would be an economic solution.

Theses analysis showed that on this particular circuit, the CES could not be economically
justified in either peak shaving mode or in frequency regulation services mode in the MISO
energy market. A sensitivity analysis of this circuit (using multiple value stream approach) was
conducted with Electric Power Research Institute (EPRI) using their energy storage evaluation
tool (EVST) in effort to determine at what price the CES needed to be for them to be cost
effective on this particular test circuit. The sensitivity analysis is discussed in section 5.5.3. The
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scenario 1 graph below shows how the stacked benefits are needed to justify energy storage on

the distribution system.

DTE Energy Scenario 1 with Capacity
, $5.00
(=
K]
§ M Frequency Regulation
$4.00
W System Electric Supply
Capacity
33.00 M Distribution Investment
Deferral
$2.00 M Electricity Sales
m Utility Rev. Requirement
$1.00 (Fixed)
m Utility Rev. Requirement
(Variable)
$-
Cost Benefit

Scenario 1: $1000/kWh; 1% growth; $5M Distribution Deferral
With Updated Financial and System Capacity Cost

The table below is a matrix that summarizes the benefit to cost ratio (B/C) that shows how the
effect of battery capital cost and distribution upgrade cost is clearly a dominant driver for the
batteries economics in the distribution grid. For example a $1,000/kWh battery cost the break-
even deferral cost is $3.3 M (Run 3) compared to a B/C = 1.3 when the capital upgrade cost is
$5.5 M. For a $2 M capital deferral the break-even battery cost is $705/kWh. It should also be
noted that higher growth rate diminishes deferral benefits as can be seen in Run 2 and 5.

This project successfully demonstrated an early stage CES system and cleaned up most of the
early stage failures that normally accompany new products. Even though the CESs successfully
passed factory acceptance test and fixed all know issues (software and hardware), once the
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system was deployed in the field, many additional issues surfaced that needed to be addressed
and fixed. The CES can now be acquired by utilities knowing that they will have higher reliable
because of this project.

Energy storage will have a role to play in the distribution grid of the future. The cost benefit
analysis shows that in the right situation, energy storage is a tool that can be justified on
economics depending on its application. This is evident in the sensitivity analysis where a battery
capital cost of $705/kWh can justify a distributed energy project. Because this demonstration
project was using early development battery system cost over $2,000/kWh the economics could
not be justified, but with decreasing cost, it’s expect that by 2020 distributed energy storage will
be an economical solution in certain projects.

DTE Energy will continue to use the CESs in the grid to gain additional operating data,
especially customer reliability. Because of the high failure rate of the refurbished batteries, they
will be decommissioned.

If repurposed EV batteries are to be considered in grid applications, additional research and
demonstration projects need to be conducted to determine their reliability and system cost.

Below is a bullet list of some of the key lessons learned during this demonstration project:

e (Circuit modeling tools for siting evaluation is important

e Layered benefits are required to justify energy storage projects

e An energy storage evaluation software is an important tool for performing cost analysis
that can include multiple value streams

e Engaging all groups early within the utility, especially engineering and field resources is
important

e Having a product that meets applicable IEEE standards is important

e Integrating distributed energy storage into DTE Energy was accomplished in a manner
similar to any new technology being introduced

e It’s important to have a DERMS to effectively manage distributed assets

e It’s important to have a DERMS to optimally dispatch CESs to gain the greatest
economic value for distributed energy storage

e A dispatch algorithm integrated into DERMS is required to gain greatest economic value
for energy storage

e Autonomous dispatching using a DERMS and preferably a circuit model is required for
day-to-day operation

e Repurposed EV batteries may not be an economic solution due to higher cell failure rate.
This needs further studies
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2. Overview/Background

2.1. Advancing the Development of Storage Technologies

The modern grid has several key characteristics that will benefit consumers, businesses, and
utilities. These smart grid functional characteristics were identified through an industry
collaborative effort and comprise the foundation of the DOE OE’s smart grid program.

e Self-healing from power disturbance events

o Enabling active participation by consumers in demand response
e Operating resiliently against physical and cyber attack

e Providing power quality for 21st century needs

e Accommodating all generation and storage options

e Enabling new products, services, and markets

e Optimizing assets and operating efficiently

The energy storage systems demonstrated in this project can serve as an enabling technology for
most of these functional characteristics. Self —healing is demonstrated with islanding
functionality of the CES to continue serving the customers during a circuit disturbance. The
enabling active participation by consumers is not demonstrated in this project due to the energy
storage located on the utility side of the meter. If energy storage would be located on the
customer side of the meter, they could actively participate in demand response. Operating
resiliency is demonstrated by actively islanding if there is a physical disturbance and the cyber
resiliency is demonstrated by the cyber security analysis performed in the project. The power
quality aspect is demonstrated by the CES to actively manage voltage and ride through
disturbances. The accommodating storage is covered by demonstrating that an electric utility can
integrate distributed storage into the electric grid. Enabling new products, services and markets
for storage is demonstrated in this project by showing that the distributed storage can respond to
signal from the energy market (in this project it is MISO). Optimizing assets and efficiencies is
demonstrated by dispatching the energy storage when it is needed by the circuit for load relive,
for maintaining voltage and reactive power and managing solar production of the PV connected
to the circuit.
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2.2. Project Goals and Objectives

The goal of this project, as proposed in 2009, is a proof of concept to demonstrate the use and
benefits of Li-ion battery Community Energy Storage systems in a utility territory and to test the
integration of secondary-use electric vehicle batteries into the CES demonstration. A driver for
this project in 2009 was the projected introduction of plug-in electric vehicle (PEV) into the
market in 2010 (Li-ion battery pack ~$1,000/kWh) and mass manufacturing of Li-ion batteries
with expected decrease in the cost of Li-ion batteries to $325/kWh' by 2020. Today (November
2015) projections by USABC? (UNITED STATES COUNCIL FOR AUTOMOTIVE
RESEARCH LLC) are that EV battery system cost will be $125/kWh by 2020. With the
continued decline in the cost of Li-ion batteries, they appear to be a good application for electric
utility storage applications. It should be noted that the utility energy storage system cost in
$/kWh will be higher than automotive battery system cost because the additional increase in
balance of plant that is required to interconnect to the electric utility primary distribution system.
The reason to include secondary-use-electric vehicle batteries in the project was to answer the
question with regards the use of used EV batteries at the end of EV vehicle useful life. It is
expected that used EV batteries will still have 75-80% of their original capacity at the vehicle
end of life and that they may have an application in the utility industry. As part of this project,
DNV GL (formerly KEMA) performed economic analyses of using secondary-use batteries
versus new batteries.

This project installed 20 CES units and a S00kW storage device integrated with a 500 kW solar
system that is managed centrally with a DERMS. The main phases of this project were:

e Design and construct a CES device that will serve as an essential component of grids
e Design a central communications control system to aggregate CES devices across DTE
service territory (DERMS)
e Demonstrate the ability of the storage devices to provide:
e Peak Shaving
e Voltage Support
e Integration of renewable generation & energy shifting
¢ Islanding during outages
e Frequency Regulation
e Demonstrate the utilization of secondary-use EV batteries for the storage systems
e Test the performance of the CES systems against baseline data

e Determine economic value of energy storage system in utility operation
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2.3. Project Team

The project team members and roles are listed in Table 1. The original battery partner for the
CES and larger (500 kW) system in this project was A123 System. A123 System was working
with S&C Electric to integrate the A123 batteries to the S&C CES Power Conditioning System
(PSC). With the design of the CES system well along (~1.5 years), including the underground
vault and installation procedures, A123 decided to pull out of the CES portion of the project and
not supply batteries. After researching CES battery replacement vendors, it was determined that
the only viable Li-ion battery supplier with a battery management system (BMS) that could
integrate to the S&C Electric PCS in the timeframe remaining on the project was Kokam.

A123 Systems was also the original supplier of the 500 kW battery and Dynapower PCS systems
that was scheduled to be collocated with the DTE Energy owned 500 kW of solar. This part of
the project was originally to be funded by a grant from the Michigan Public Service
Commission, but due to a legal challenge to the funding mechanism, the funds were eliminated.
At that time, DTE Energy stepped up and provided additional funding to be able to include the
500 kW battery in the project. In October of 2012, A123 System filed for bankruptcy causing
them to fully exit the project as a battery supplier for the 500 kW battery. The challenge then
was to find a new 500 kW battery supplier and PCS to meet the project time line to incorporate
the 500 kW battery in the project with available funds. The only available PCS to meet the tight
deadline was from S&C Electric and battery cells from Dow Kokam to be integrated by
eCamion. When Dow Chemical backed out of it ownership of Dow Kokam, the new supplier of
battery cells for the 500 kW battery became Kokam. The overall project experienced delays
when A123 exited as a Li-ion battery cell supplier.
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Table 1: Project Team and Roles

2.4. Project Milestones and Target Dates

Table 2 shows the completion dates of the major milestones of this project. Within each major

milestone, multiple tasks are not listed. Some of the original completion dates shifted when the
new battery supplier needed to be integrated into the project and unforeseen technology issues

surfaced that needed to be addressed which is not unusual for new technology projects.
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2.1

2.2

2.3

24

2.5

3.0

Develop Project Management and Cyber Security Plan

Baseline & Preliminary Plan, Design, Procure and Test — New
Batteries

Final Design of CES Complete — New Batteries

Release, Install and Commission CES Equipment — New Batteries

First CES Systems Operations Begins

Integration of Chrysler Secondary-use Battery System into CES
System

Final Project Reporting

Table 2: Major Milestones

08/05/2011

07/26/2012

02/28/2013

06/21/2013

02/15/2014

12/31/2014

12/31/2015

The final CES design milestone bore the brunt of the delay of about 1 2 years. The CES field
installation on the distribution circuit went well because of the training that was conducted at the

DTE Energy Training and Development Center (TDC). Because all the CES installations were

located in one service center, only the underground personnel associated with that service center

needed to be trained. Figure 1shows the installation of the battery into the vault and figure 2

show a completed installation at TDC. The green box on the right is the pad-mounted
transformer and the box on the left is the CES unit with the PCS sitting on top of the vault that
houses the 50 kWh battery.
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Figure 1: CES installation at DTE Energy Training and Development Center

Figure 2: Completed CES installation at the Training and Development Center

A delay in the start of the CES system operation milestone was due to operational issues that
surfaced once the CES units were installed on the circuit. Even though the CES units went
through a vigorous factory acceptance testing that included heat/cold chamber and one week of
water immersion, once assets are installed in the field, additional issues arose that need to be
addressed. Additional detail on this topic is covered in section 5.3 Storage System Performance.
To keep the project on task, weekly project conference calls were conducted each Friday with all
participants to review project tasks, time line and work through any issues that surfaced.
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2.5. CES Energy Storage Applications

Community energy storage (CES) entails utility deployment of modular, distributed energy
storage systems (DESS) located on the utility distribution system close to residential and
business end customers. The Concept of CES is that a DESS can behave as a large battery
system with additional reliability benefits to the end-use customer by creating a small microgrid
for the customer downstream from the CES. See figure 3 CES Application Diagram.

Figure 3: CES Application Diagram

By aggregating the distributed CES, the same benefits can be realized as a large single battery
system with additional energy storage redundancy. Because there are so many storage units, it is
unlikely that a substantial number of CES will be out-of-service at the same time. That is helpful
from an energy storage reliability perspective. CES is also designed to electrically island which
means that when a localized portion of the distribution system becomes electrically isolated from
the rest of the grid, CES can serve the end-users demand while there is stored energy. Basically,
the CES functions autonomously to provide back-up power in case of an outage.

The value of any specific CES deployment will vary significantly based on their applications, but
important elements of the rationale for CES are that it can provide numerous benefits or multiple
value streams, is a flexible solution for many existing and emerging utility reliability, and for the
utility engineers an alternative in their growing toolkit of solutions and responses.
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CES is expected to provide numerous benefits in many possible combinations. It can serve as a
robust, fast-responding and flexible alternative to generation. It can store low priced energy and
use that energy when the price is high. CES can also be used to provide most types of ancillary
services needed to keep the electrical grid stable and reliable. Depending on the CES location,
they can reduce the need for transmission and distribution (T&D) capacity upgrade because CES
provides power locally to serve the local peak demand. CES can also improve the local electric
service reliability and power quality. Of particular interest is CES used to maintain a stable
voltage in the distribution system as well as provide backup power to und use customers due to
an outage.

CES also plays an important role in the integration of renewable energy generation into the grid,
including large remote wind and solar generation as well as distributed photovoltaics. CES
addresses two notable variable renewable energy generation integration challenges. They can be
charged with wind generation output, much of which occurs at night when the energy demand is
low and when transmission systems are less congested and more efficient. In addition, CES can
be used to manage localized power quality related challenges that occur due to high penetrations
of photovoltaics systems, especially in residential areas. Of particular note is high voltage from
local generation and voltage fluctuations due to rapid variations of photovoltaic output.

3. Technologies Demonstrated

3.1. Storage System Characteristics

Each new CES system deployed in this project consists of a 50 kWh battery, with associated
BMS, that is connected to the DC bus. The PSC inverter then converts the DC voltage to AC that

connects to the 120/240 volt system. See single line diagram in figure 4.
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Figure 4: CES Electrical One Line Diagram

Both AC and DC circuit breakers, or contactors, (CB) are used to provide protection and

islanding. For example, CB-1 in figure 4 opens when the source side voltage is zero, causing the

CES to create a local microgrid that continues to serve the load (end use customers), until the

source side voltage is restored or the battery energy is depleted which will cause the DC breaker

to open to save the battery.

S&C Electric Company provided 20 CES systems to the project, 18 new units and 2 created with

secondary-use EV batteries packaged by eCamion. The technical specifications of the new CES

unit were as follows in table 3.

S0kWh CES Specification

Cell 55 Ah
Cell Voltage 2.7~4.2 v
Pack Energy 2.85 kWh

©Copyright 2015, DTE Energy All rights Reserved
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Total Cell No. 280

System Rated Energy 50 kWh
System Actual Energy 57 kWh
System Voltage 380~590 VDC
System Configuration 14S x 10S x 2P
Continuous Charge Power 25 kW
Continuous Discharge Power 25 kW
Peak discharge power 150 kW
Round-trip AC Efficiency > 85%

BIL 30 kV
Weight 1100 Kg

Environmental Ratings

Operating Ambient Temperature

-30°C to 50°C

Survival Ambient Temperature

-40° to 60°C

Storage Ambient Temperature

-30°C to 50°C for up to 6 months

10% to 100% condensing

Humidity
Sea level to 2,000 meters without
Altitude kVA de-rating
Seismi Uniform Building Code Zone 4
eismic

Table 3: 50 kWh CES Specification

Correspondingly, the Kokam battery characteristics are shown in table 4. The BMS inside the
battery enclosure manages the battery charging and discharging based on commands from the
CES PCS.
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Table 4: 50 kWh Battery Specifications

By locating the battery and the BMS below grade, the need for active temperature regulation is

eliminated by a moderate ground temperature. The BMS ensures that the batteries health and
safety is maintained.

3.2. Distributed Energy Resource Management System - DERMS
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The DTE Energy DERMS, also referred to as DR-SOC in this document, is a distributed energy
resource management and control system that embodies the concept of a DERMS as defined in
Argonne National Laboratory report titled “Advanced Distribution Management System for Grid
Support, DMS Functions” (ANL/ESD -15/17). The DTE Energy DERMS is located outside of
the traditional EMS/DMS system environment with a secure Inter Control Center Protocol (ICCP
TASE.2) connection between the two systems as depicted in figure 5. There is also a link to the
DTE Energy enterprise bus for bidirectional flow of data between systems. A DNP3 protocol
engine within the DERMS was developed as part of this project to demonstrate the use of utility
industry standard protocol communication to distributed energy storage systems.

Figure 5: DTE Energy DERMS

The DERMS was improved to enable addressing of each CES unit individually or as a fleet of
energy storage to demonstrate aggregation functionality in a distributed system. The concept is
that CES units can reside anywhere in the utility service area and be aggregated to appear as
single multi megawatt storage from a system level. In this project, the communication medium to
the battery system was cellular APN Backhaul to demonstrate that a low cost communication
medium can be used to manage a fleet of distributed energy storage.
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3.3. Circuit Description

The 17 new CES systems and the large 500 kW battery are located on a distribution circuit,
designated as Trinity 9342 in Monroe, Michigan. The circuit contains both overhead and
underground construction with the CES units located in residential subdivisions served by pad-
mounted transformers. The circuit primary distribution circuit voltage is 13.2 kV grounded wye
with peak load of 10,300 kVA and summer rating of 12,500 kVA. The are 23 miles of primary
overhead and 13 miles of underground circuit miles serving an area of about 6 by 3 miles. The
circuit has 2,198 customer composed of 2,104 residential, 91 commercial and 3 industrial
customers. The circuit primary electrical one-line diagram is shown in figure 6.

Figure 6: Distribution Circuit Electrical One Line Diagram

The circuit voltage is regulated at the substation with a load tap transformer (LTC) in addition to
two capacitors and a voltage regulator out on the circuit. Figure 7 is an aerial view of the portion
of the circuit (indicated by a dashed rectangular box in figure 6) where the battery systems are
located. The CES are installed in two different underground fed subdivisions that are shown in
figure 7.

Page 24 of 302
©Copyright 2015, DTE Energy All rights Reserved



Figure 7: Location of Energy Storage Systems on the Trinity Circuit

The 500 kW battery is located at Monroe County Community College (MCCC) adjacent to a 500
kW photovoltaic (PV) system as shown in shown in figure 7. An aerial view of the 500 kW PV
and 500 kW battery is shown in figure 8. The 500 kW battery PCS is connected to the same 480
volt PV electrical bus, which is then connected through a 500-kVA transformer to the 13.2 kV
primary voltage. The site output is managed with the DERM to maintain maximum export of
625 kVA, which is the maximum 10-hour rating of the transformer.

Figure 8: Location of 500 kW PV and Storage at MCCC
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The MCCC battery and PCS is shown in figure 8 and figure 9 is a ground view of the 500 PV
and battery system. In figure 9 the 500 kW battery container is on the left with the PCS on the
right side of the pad.

Figure 9: 500 kW Battery on the right and PCS at MCCC

In figure 10, the gray container on the far right is the 500 kW storage system with the 500-kVA
transformer (dark green container) to the left of the yellow bollards in the photograph.

Figure 10: Ground View of 500 kW PV and Energy Storage at MCCC
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3.4. CESlocation Selection and Circuit Model Dispatching

A software application by Electric Distribution Design (EDD), called the Distributed
Engineering Workstation (DEW), was used to model the distribution circuit to identify candidate
locations for CES placement based on transformer loading, outage history and phase location.
EDD also developed a model based control algorithm for dispatching set points based on real-
time circuit conditions and economic parameters. The DEW engine provides the set points to the
DERMS (DR-SOC Hub) for execution. The following two sections discuss these two topics in
detail.

3.4.1. CES location Selection

DEW?’s Circuit modeling was use to provide technical input into where the CESs should best be
placed. The included the following:

+ Using DTE’s Outage Plotting together with DEW’s Outage Application enabled locating
customers who had outages during the last five years. See Figure 11. This was done as
part of the selection process since the CES could be used as a customer standby resource
during outages.
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Figure 11: DTE’s Outage Plotting Application Identifying Transformer Outages

* The DEW’s Transformer Loading Analysis (TLA) was run to determine the minimum
and maximum loading for each transformer. Since the application design was to maintain
enough energy to provide 2 hours of standby power for each CES location, the TLA
results indicate how much remaining battery capacity will be available for dispatching.

* To avoid overloading the transformer, the CES unit are not allowed to charge at a rate
that, when added to the load, exceeds the transformer rating. The difference between the
transformer rating and the load provides the headroom available for charging. The TLA
results therefore allow for the selection of transformers with greater headroom for
charging and thus greater opportunity for dispatching units for various technical
demonstrations such as peak shaving.

Figure 12: Transformer Loading Identifying Dispatch Headroom

* The DEW circuit model was used to examine customer voltages to determine where the
CES could provide value to improve local voltage support if needed. See Figure 13.
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Figure 13: Circuit Model Identifying Phase Voltage for CES Placement

* The DEW circuit model was used to determine power factor at all single-phase
attachment points to determine where the inverters reactive capability could be used to
provide local power factor benefit. See Figure 15.

Figure 14: Circuit Model Single Phase Power Factor for CES Placement
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» The DEW circuit model was used to simulate phase imbalance at all points where single
phase laterals attached to the three phase mainline to determine points internal to the
circuit where the placement of CES could improve phase balance. See Figure 15.

Figure 15: Circuit Model Identifying Phase Imbalance

e A strategy matrix was developed combining the elements of the technical summary
shown in Figure 16, with the location accessibility and appearance to help in the choosing
locations for placing the CES units. Figure 17 is the decision strategy matrix.
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Figure 16: CES Location Strategy Matrix

Figure 17: CES Location Strategy Matrix Summary

e The strategy matrix was then combined with the circuit phasing which was used to
maintain phase balance between the phases while picking the best candidates for
installation. See Figure 18.
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Figure 18: CES Candidate Sites Selection using Strategy Matrix and Phase Balance

3.4.2. Circuit Model Dispatching

DEW was used to determine dispatch set points based on real-time circuit conditions and
economic parameters. This was demonstrated in the DERMS DEW Service Mode of Operation
use cases 14 to 23, where recommendations were processed and dispatched by the DERMS

DNP3 master to the CES. The uses cases are defined in section 4.3 with the results in section
5.2.

A DEW model-based real-time control algorithm was created for the CES DEW service
dispatch. The DEW CES Economic Scheduling Application algorithm has as its objective
maximizing profits subject to constraints arising from the CES specifications, dynamic reserve
requirements, and system-level operating constraints such as voltage support and overload
alleviation. This could be one CES or an entire fleet. Figures 19 and 20 show the control input
and output concept of the CES economic scheduling.
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Figure 19: CES Economic Scheduling Control Algorithm
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Figure 20: DEW’s CES Economic Scheduling Application Flow Diagram

DR-SOC delivers to the DEW CES Economic Scheduling Application all current
parameters for each CES unit as well as MISO data and the Local Marginal Price (LMP).
This data is used by the DEW algorithm to give dispatch information back to DERMS.
This method establishes a set point for each CES unit in the CES Fleet. These
measurements are typically updated every 5 minutes and include the following:
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e Day ahead LMP

¢ Real-Time LMP

e Start of circuit current flows and voltages
e Battery status and current output

e Real-time loads at each CES location

e Solar Output

e Solar forecast

The objective of the DEW CES Economic Scheduling Application algorithm is to optimize
energy cost savings over time by taking advantage of CES capacity in excess of the dynamic
reserve capacity. Therefore, the two primary drivers of the optimization algorithm are the LMP
prediction and the load forecast.

In electric energy markets, the Locational Marginal Price (LMP) is computed in real-time based
on bids from energy producers and based on losses and line congestion. These prices are called
the real-time LMPs and represent the incremental cost to supply load to a given region at a given
time. In addition to the real-time LMP market, there is a day-ahead LMP market, wherein energy
producers bid their expected costs one day ahead.

In order to determine the optimal charging and discharging schedule for the CES units, the price
of energy at future hours is needed. The DEW CES Economic Scheduling Application uses
both the real-time and the day-ahead LMP prices and calculates the profit attainable assuming
that the day-ahead prediction is accurate. The real-time LMP provides continuous corrections to
the day-ahead price forecast as the data is given to DEW.

The DEW modeling of the load and its forecast is the other primary driver of the economic
optimization. In order to determine how much capacity is available currently and will be
available in the near future for economic dispatch, the load must be forecasted. At each CES
location, the transformer load is metered in real-time and reported to DEW. Thus, for these
locations, DEW develops and continuously updates load models based on a rolling 2 weeks’
worth of measurements. For all other transformers, and for the CES transformers until two
weeks’ worth of measurements are available, the forecast algorithm will use load research
statistics and monthly kWh billing data. The load research statistics provide typical daily load
curves for each month or season as well as each type of day (weekday or weekend) for the type
of customer supplied by the transformer. These daily load curves are then scaled by the monthly
kWh billing data.
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The reliability constraints take precedence over the energy cost savings. The reliability
constraint is calculated using a dynamic reserve capacity, meaning that the stored energy is kept
at a sufficient level to serve an outage for a given duration based on the real-time load and near-
term forecast. During peak load conditions the full capacity of the battery may be needed to
provide energy during a two hour outage, but during light load conditions the battery may need
to reserve only a small percentage of its maximum capacity to serve the load for the following
two hours and can use the remaining capacity for economic dispatch.

The objectives and constraints described above can be evaluated for each CES unit
independently. However, the DR-SOC Hub also provides start-of-circuit flows and voltages, PV
output, and voltages at CES locations, which together can be used to identify overloads and high
or low voltages on the primary system, which serve as additional constraints to CES scheduling,
taking precedence over the economic objective and local reliability margin. Since these are
primary system-wide constraints, the entire fleet of CES units is evaluated together when
calculating the real power constraints to minimize restrictions to the individual CES unit
schedules. Since the batteries supply power via inverters, which can provide reactive power
support, the CES scheduling will first attempt to resolve the primary system constraints with
reactive power support, which does not significantly affect the real power schedule. If reactive
power support proves insufficient, then the CES scheduling algorithm modifies the real power
(charge/discharge) schedule for the batteries until the primary system operating constraints are
met or until the batteries reach state-of-charge or charge/discharge rate constraints.

The DERMS DEW Service dispatches operating set points and (on / off) commands. The DR-
SOC Hub Operator validates the set points for each unit and compares the actual CES
performance to the DEW forecast.

3.5. Repurposed EV Batteries

Two CES repurposed EV units were built by eCamion and integrated into the S&C PCS. During
the project, it was decided to investigate two methods of using repurposed EV batteries. One was
to use a whole battery pack and manage the batteries using the vehicle CAN message bus and the
other to dismantle the battery pack and use the battery modules. It was also decided to build one
container that could accommodate a whole packs or multiple battery modules. Because of
technical challenges communicating with the battery pack message bus the whole pack concept
was eliminated with both battery systems created using battery modules method. Another option
considered but discarded, was to separate the battery modules into individual cells and create a
repurposed pack composed using the individual cells. This method requires additional labor to
disassemble the pack and reassemble. This is certainly not a cost effective method. Figure 22
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shows the location of the Fiat 500e battery back in the vehicle and figure 22 is a photograph of
the open pack showing the battery modules that contain individual cells and pack electronics.

Figure 21: Fiat 500e Battery Pack Position (in Green)

Figure 22: Open Fiat 500e Battery Pack Showing the Battery Modules

The two-battery packs built had a capacity of 48 kWh and 96 kWh. A battery BMS supplied by
eCamion as part of the packaging was used to manage the battery operation and communicate to
the S&C PCS system. The installation in figure 23 shows the 96 kWh configurations that is
located at DTE Energy headquarters in Detroit. The white container houses the battery and BMS
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and the green container to the right is the S&C CES PCS. This installation serves the six EV
charging stations that are located along the fence behind the container.

Figure 23: Repurposed 96 kWh Battery Connected to the CES PCS

4. Technical Approach

4.1.

Project Approach

The objective of energy storage project is to integrate 1-MW of distributed Li-ion energy storage

into the electric utility system and to centrally control and aggregate them as a fleet. This project
installed 20 CES units (500 kW total) and a 500kW storage device that is collocated with a 500
kW solar system that is managed centrally with a DERMS. The DERMS was expanded in this
project, leveraging previous DOE funded work on the monitoring and control system at DTE
Energy. Two of the 20 distributed CES storage system installed are secondary-use battery from
electric vehicles. The main phases of this project were:

Design and construct a CES device that will serve as an essential component of grids
Develop installation procedures and integrate into engineering design

Design a central communications control system to aggregate CES devices across DTE
service territory (DERMS)

Demonstrate the aggregation of distributed energy systems

Using the DERMS, demonstrate the ability of the storage devices to provide:
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e Peak Shaving

e Voltage Support

e Integration of renewable generation & energy shifting
e Islanding during outages

e Frequency Regulation

e Determine the multiple layered economic benefits of energy storage in MISO

e Perform sensitivity economic analysis on the application of CES in the DTE Energy
distribution service area

e C(reate a CES unit with repurposed batteries form an electric vehicle

e Demonstrate the utilization of secondary-use EV batteries

e Evaluate the cost of deploying repurposed EV battery system vs new batteries

The benefit categories monitored and tracked for this project and reported in this final
Technology Performance Reports are in table 5 below summarizes.

Benefit Category Benefit Information Gathered Process
Reliability and Reduced sustained SAIFI The DTE Energy team will be
Power Quality outages (consumer) monitoring and recording
SAIDI, CAIDI, MAIFI project data through the DTE
Reduced momentary DERMS
outages (consumer)
Environmental Reduced CO2 DTE Environmental An estimate of emissions
Emissions Affairs reports. performance will be included in
DERMS data the final TPR. We will attempt
to include data for summer
Reduced Pollutant
Emissions
Economic Reduced Equipment For Storage Equipment
T&D O&M Maintenance Cost only — data will be
Savings (utility /Ratepayer) gathered from project data

base.

Table 5: Project Benefit Categories

4.2. Baseline Data

The Build and Impact metrics, along with descriptions of the types of data and their frequencies
that are summarily provided in this section are based on discussion between the DOE team and
DTE Energy Community Energy Storage project members. Discussions were held via
teleconference calls on 1/20/2010 and 2/10/2011. During each call, the DOE team was
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represented by the Technical Project Officer and representatives from Navigant Consulting, Inc.
The DOE provided a summary of the results of each discussion by revising the “Discussion of
Data for Storage and Smart Grid Metrics and Benefits” document originally dated January 20,

2011.

des

cribed below.

The revised Discussion Document serves as the basis of the Metrics and Benefits plan as

The table 6 below contains Baseline calculation methods for each metric based on historical data,
in conjunction with the assumptions described in the paragraph above. The final project baseline
data is in a similar table in section 6.

ID Metric Name Project Level Baseline and Commencement System Level Baseline and
Value Calculation Method Commencement Value Calculation
Method
Build Metrics
1 | Distributed N/A DTE will track the installation of a single
Generation PV/ Battery installation at Monroe

Additional System
Level

County Community College (MCCC)
which is on the same electric distribution
circuit as the storage demonstration
project

2 | Energy Storage No Energy Storage Systems initially DTE will limit the system level baseline
installed on the project demonstration per agreement with the DOE to the
circuits -baseline is zero. Asthe PV / installation status and connected output
Battery installation comes on line, a new of the PV/ Battery installation at Monroe
baseline will be established. County Community College (MCCC).
Value calculation- DTE will track the This PV installation will be located on
number (based on installation records) and the demonstration circuits.
connected output (based on installation Value at project commencement is zero.
records) of CES units installed on the project
circuits.

Value at project commencement is zero.

3 | DER Interface This will be a description only value report. N/A
Reporting will commence after design
completion.

Impact Metrics - Storage System
4 | Annual Storage No Energy Storage Systems initially N/A

Dispatch

installed on the project demonstration
circuits. - Baseline is zero. . As the
PV/Storage Battery installation comes on
line a new baseline will be established. Data
reporting will commence in the quarter
following the commissioning of the PV
installation.

Value calculation method- DTE will t rack
the kWh dispatched via the DERMS.
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ID

Metric Name

Project Level Baseline and Commencement
Value Calculation Method

System Level Baseline and
Commencement Value Calculation
Method

Average Energy
Storage Efficiency

No Energy Storage Systems initially
installed on the project demonstration
circuits —baseline is zero. As the
PV/Storage Battery installation comes on
line a new baseline will be established.

Data reporting will commence in the quarter
following the commissioning of the
PV/Battery installation.

Value calculation method - DTE will track
the kWh dispatched via the DERMS and
will compare this with the energy required to
operate the system and recharge the
batteries.

N/A

Distribution
Feeder or
Equipment Feeder
Overload
Incidents

Use 2010 data as a baseline

Value at project commencement- Use 2010 -
2012 to calculate distribution equipment
overloads

N/A

Distribution
Feeder Load

Use 2010 data as baseline.

Value at commencement — use 2011-2014 to
calculate distribution equipment overloads
Due to Michigan’s current economy, there
is no expected growth for these areas in the
next five years. The growth rate will be zero.

N/A

10

SAIFI

Baseline data not available at the project
distribution transformer level
Value at project commencement is zero.

2012-0.83
2013-0.94

11

SAIDI/CAIDI

Baseline data not available at the project
distribution transformer level
Value at project commencement is zero.

2012-108/130
2013-894/955

12

MAIFI

Baseline data not available at the project
distribution transformer level

N/A

Table 6: Project Baseline Data

4.3. TestPlan/Use Cases (Modes of Operations)

The capabilities of the distributed energy storage systems were systematically demonstrated with
a number of use cases in this project. These use cases started at the most basic level to establish
communication to each CES unit to the more advanced use case using a circuit “model based”
control and economic dispatching. This project created 23 unique use cases listed in table 7
below that are intended to test all of the functionalities of the CES system. The “Mode of
Operation” is the type of operation being performed on the CES and are defined as follows:
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* Stand-by — Local mode always active. Provides emergency power upon loss of utility

power

*  Hub Command - Set points to be written to CES by the DERMS Hub. Operator sends
commands manually using web displays.

* Schedule - DERMS Hub retrieves set points from a table developed by DERMS

personnel.

* Peak Shaving — DERMS Hub calculates kW needed to maintain max circuit kW at
threshold. Needed kW is distributed among available CES units in this mode.

* AGC - DERMS Hub retrieves AGC set points and distributes kW among available CES
units in this mode

«  DEW — DERMS Hub obtains dispatch recommendations from the DEW model and sends
commands to units.

Requirement # Test Performed Component Tested Mode of Operation
DRSOC-CES-001 | Data usage test Cellular communications Stand-by / Hub
Command
DRSOC-CES-002 | CES maintains Minimum Reserve Margin | CES controller logic Hub Command
DRSOC-CES-003 | CES unit will operate safely when unit is CES controller logic Hub Command
at 100% SOC and is given a charge
command.
DRSOC-CES-004 | CES unit will operate safely when kW and | CES controller logic Hub Command
kvar setpoints cause unit to exceed
discharge kVA rating.
DRSOC-CES-005 | CES unit will operate safely when kW and | CES controller logic Hub Command
kvar setpoints cause unit to exceed
charge kVA rating.
DRSOC-CES-006 | DRSOC Hub will dispatch a reasonable DRSOC Hub Hub Command
set-point when algorithms command a kW
set-point that exceeds unit charge rating.
DRSOC-CES-007 | DRSOC Hub will dispatch reasonable set- | DRSOC Hub Hub Command
point when algorithms command a kW
set-point that exceeds unit discharge
rating.
DRSOC-CES-008 | DERMS Hub will distribute fleet kW DRSOC Hub Hub Command
charge or discharge across all units based
on SoC of each unit.
DRSOC-CES-009 | CES Efficiency CES Efficiency Hub Command
DRSOC-CES-010 | DERMS Hub will issue commands per a DRSOC Hub Schedule
set schedule to produce “Renewable
Energy Time Shift”
DRSOC-CES-011 | DERMS Hub will issue commands per a DRSOC Hub Schedule
set schedule to produce “Electric Energy
Time Shift”
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Requirement # Test Performed Component Tested Mode of Operation
DRSOC-CES-012 | DERMS Hub will send commands to CES | DRSOC Hub AGC
units based on simulated AGC signal
DRSOC-CES-013 | DERMS Hub will discharge CES fleet to DRSOC Hub Peak-Shaving
maintain a maximum kW at the circuit
feeder.
DRSOC-CES-014 | Charge when needed for reserve capacity | DEW Service DEW
DRSOC-CES-015 | Discharge when price is high and unit is DEW Service DEW
not “needed”
DRSOC-CES-016 | Do not charge when doing so would DEW Service DEW
cause overload
DRSOC-CES-017 | Maintain configured reserve capacity DEW Service DEW
DRSOC-CES-018 | Resolve transformer overload by DEW Service DEW
discharging
DRSOC-CES-019 | Resolve low voltage by supplying vars DEW Service DEW
DRSOC-CES-020 | Resolve high voltage by absorbing vars DEW Service DEW
DRSOC-CES-021 | Resolve single-phase primary overload by | DEW Service DEW
discharging only batteries on that phase
while charging others (low price)
DRSOC-CES-022 | Forecasted overload alert DEW Service DEW
DRSOC-CES-023 | Minimum profit margin test DEW Service DEW

Table 7: Project Uses Cases

The test plan or use case results are in section 5.2.

4.4.

Distributed Energy Management System Application

The DERMS was used to test all of the 23 CES project uses case that were defined in section 4.3
above. Testing of the DERMS or DRSOC Hub was performed against the CES Units installed
on the Trinity circuit. DRSOC Hub parameters were set through the use of the DRSOC XML
Poster tool. The hub in turn outputs the DNP3 commands for each CES Unit as appropriate for

the mode of operation being tested. Figure 26 is a simplified schematic of the of the CES test

setup. The Hub can address each CES individually or as a collective fleet. All data was collected

and stored by the DERMS and is reported out in each of the 23 uses cases in section 5.1
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Figure 24: Schematic of CES Test Setup

4.5. Performance Testing and Analysis

In addition to demonstrating the use cases identified in Table 7, a number of functional test and
analysis were performed as part of this demonstration project.

DNV GL performed CES functional tests in their energy storage test facility of new CES system
prior to deployment and repurposed battery systems as well as degradation analysis of one of the
oldest deployed battery pack. DNV GL also performed economic analysis on the application of
distributed energy storage specific to the Trinity distribution circuit.

Next Energy investigated the regulatory issues surrounding energy storage and the application of
distributed energy storage at the Department of Defense installations.

In the last year of this demonstration project, DTE Energy and EPRI worked together on
additional economic analysis. The EPRI Energy Storage and Evaluation Tool (ESVT) was used
to perform additional sensitivity on the application of distributed energy storage at DTE Energy.

The results of these analyses are discussed in section 5.9 of this report.

4.6. Cyber Security Approach

The challenge for the CES is to develop a smart grid system that provides end-to-end integration
of'a wide array of vendor products and systems while providing a robust, resilient and secured
operational infrastructure. Interoperability and cyber security have common challenges for

ensuring operational continuity of the smart grid system and adapting to change over time due to
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emerging standards and changing technology. Introducing new technologies to an already
protected and sensitive network elevates the need to predict, evaluate, test, protect and react
against threats and vulnerabilities.

Through experience and guidance from various industry standards authority and by leveraging
the experiences from internal and other utilities, DTE Energy has developed many best practices
for cyber security. Here are a few:

e Develop strategies for implementations to be “built-in” but not “bolted on”.
e Safety to public and customers and employees are paramount.
e Identify criteria for risks that could challenge the implementation of the project.

e Aim to fully meet or exceed industry standards for cyber security set forth by DOE,
NIST, EPRI and the Smart Grid Consortium.

e Utility’s responsibility to find balance between grid reliability and cost for pilot projects,
realizing permanent solutions may be too expensive for a particular research project.

e Vendor implementations do not always align with industry and internal corporate
standards, and require DTE to investigate mitigation options.

e Presently using an unacknowledged protocol (UDP), DTE recommends using TCP,
which is a more secure and interactive protocol.

e Any device installed should have the ability to monitor itself to operate safely. No remote
operation should cause a device to cause a safety concern and shall pose no risk to

surrounding environment.

e Leveraged the experience of AMI transmission across DTE's exclusive APN network
with our cellular carrier AT&T. Plan to transmit CES information in a like manner.

e Engage with vendors early. Explicitly talk with the vendors early on, to ensure protocol/
product integration and security.

e Although security features may be available (example: password protection), the control
may not meet industry or internal corporate standards (password controls: length,

expiration, complexity).

e Product delayed due to safety concerns resulting from an incident due to an energy
storage system malfunctioning.
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5.

Based on best practices the following communication activities were implanted in this

project.

e Implemented APN with cellular provider

e Tested ICCP Protocol Security/Traffic Analysis application as a mitigation option

e Implemented hardened network communications

Results

This section reports on the results and data analysis of the demonstration project.

5.1.

Impact Metrics Data

This section is the CES demonstration project final impact metrics. The metric table (Table 7) in

section 4.2 is duplicated here with one additional column with the heading “Final Project

Metrics” that includes the final metric and a brief discussion.

ID | Metric Name Project Level Baseline and System Level Baseline and Final Project Metrics
Commencement Value Commencement Value
Calculation Method Calculation Method
Build Metrics
1 | Distributed N/A DTE will track the On the Trinity circuit a
Generation installation of a single PV/ | 500 kW, PV system was
Additional Battery installation at installed at MCCC.
System Level Monroe County
Community College
(MCCC) which is on the
same electric distribution
circuit as the storage
demonstration project
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ID | Metric Name Project Level Baseline and System Level Baseline and Final Project Metrics
Commencement Value Commencement Value
Calculation Method Calculation Method

2 | Energy Storage | No Energy Storage Systems DTE will limit the system Total energy storage
initially installed on the level baseline per installed capacity is 1,000
project demonstration agreement with the DOE to | kW and 1,292 kWh of
circuits -baseline is zero. As | the installation status and energy at 21 individual
the PV / Battery installation connected output of the PV/ | locations.
comes on line, a new Battery installation at
baseline will be established. Monroe County
Value calculation- DTE will | Community College
track the number (based on (MCCC). This PV
installation records) and installation will be located
connected output (based on on the demonstration
installation records) of CES circuits.
units installed on the project | Value at project
circuits. commencement is zero.

Value at project
commencement is zero.

3 | DER Interface | This will be a description N/A This is the DERMS as
only value report. Reporting described in section 3.2
will commence after design
completion.

Impact Metrics - Storage System
4 | Annual No Energy Storage Systems N/A 90,551 kWh
Storage initially installed on the
Dispatch project demonstration
circuits. - Baseline is zero. .
As the PV/Storage Battery
installation comes on line a
new baseline will be
established. Data reporting
will commence in the quarter
following the commissioning
of the PV installation.
Value calculation method-
DTE will track the kWh
dispatched via the DERMS.
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ID | Metric Name Project Level Baseline and System Level Baseline and Final Project Metrics

Commencement Value Commencement Value
Calculation Method Calculation Method
5 | Average No Energy Storage Systems N/A The DERMS system did
Energy Storage | initially installed on the not have enough granular
Efficiency project demonstration data collection system to
circuits —baseline is zero. calculate this metric. The
As the PV/Storage Battery DNV GL Kema battery
installation comes on line a test lab performed
new baseline will be efficiency test as discussed
established. Data reporting in section 5.2.9. The
will commence in the quarter roundtrip AC efficiency
following the commissioning averaged 88%.
of the PV/Battery
installation.
Value calculation method-
DTE will track the kWh

dispatched via the DERMS
and will compare this with
the energy required to
operate the system and
recharge the batteries.

8 | Distribution Use 2010 data as a baseline N/A No known equipment
Feeder or overloads incidents
Equipment Value at project occurred on the circuit
Feeder commencement- Use 2010 - feeder.

Overload 2012 to calculate distribution
Incidents equipment overloads

9 | Distribution Use 2010 data as baseline. N/A No overload existed on the

Feeder Load Value at commencement — test feeder during the
use 2011-2015 to calculate demonstration project test
distribution equipment period.
overloads

Due to Michigan’s current
economy there is no expected
growth for these areas in the
next five years. The growth
rate will be zero.

10 | SAIFI Baseline data not available at 2012-0.83 2014-0.73
the project distribution 2013-0.94 2015-0
transformer level
Value at project
commencement is zero.

11 | SAIDI/CAIDI | Baseline data not available at 2012-108/130 2014-210/288
the project distribution 2013-894/955 2015-0/0
transformer level
Value at project
commencement is zero.

12 | MAIFI Baseline data not available at N/A N/A
the project distribution
transformer level

Table 8: Final Impact Metrics
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5.2. Use Cases (Modes of Operations) Results

This section documents the execution of the 23 uses cases defined in section 4.5 and
implemented using the method outlined in section 4.6. All of the use cases successfully executed
with the details in the following pages.

Each use case is displayed in individual test sheets. Each test sheet header defines the mode of
operation, the test performed (requirement) and use case number. Following the header
information, the test assumptions and testing method are defined followed by the test results.
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5.2.1. Data Usage Test: DRSOC-CES-001

All CES units communicated successfully with an average communication rate of 177 kB per
day or 5.3 MB per month.

Mode of Operation: Stand-By & Hub Command

Requirement: Data usage test Requirement Number: DRSOC-CES-001

Assumptions

CES Units are online and are being polled and dispatched on a 5-minute basis. Cellular modems in use are Sierra Wireless
Raven XE units. CES Unit charge levels are irrelevant in this test.

Method of Testing

The cellular modems used in the CES deployment have the ability of keeping a running tally of the amount of cellular
bandwidth used. Each subtest requires the measuring of snapshots of these counters.

Results:
Data usage averaged 177 kB per day or 5.3 Mb per month.

CES kB Usage Report July 9, 2014

Previous day Previous week Avg/day Previous Month Avg/day

Unit #1 177 1259 180 5373 179
Unit #2 178 1270 181 5257 175
Unit #3 174 1230 176 5088 170
Unit #4 175 1230 176 5085 170
Unit #5 Unit not available during test

Unit #6 Unit not available during test

Unit #7 181 1271 182 5262 175
Unit #8 180 1315 188 5294 176
Unit #9 Modem replaced 7/3/2014

Unit #10 177 1282 183 5116 171
Unit #11 176 1241 177 5127 171
Unit #12 171 1226 175 5085 170
Unit #13 174 1224 175 5243 175
Unit #14 65 1151 164 5047 168
Unit #15 182 1269 181 5262 175
Unit #16 Unit not available during test

Unit #17 141 1225 175 | | 6857 229

Test Date: 7/9/2014
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5.2.2. CES Maintains Minimum Reserve Margin: DRSOC-CES-002

All operating units properly stopped discharging when the battery SOC reached Minimum
Reserve Margin set point.

Mode of Operation: Hub Command

Requirement: CES unit will maintain the set reserve margin | Requirement Number: DRSOC-CES-002

Assumptions

CES Units are online and are charged to a SoC above the minimum reserve margin.
Reserve margin setat60% on CES 1,2, 3,4,7

Reserve margin setto 50% on CES 8, 9, 10, 11, 12

Reserve margin set to 40% on CES 13, 14, 15, 17

Method of Testing

Units participating in this test are to be sent a 25kW discharge command in Hub Command mode to get the battery down to
the minimum reserve margin. Unit should no longer follow the discharge command once the minimum reserve margin has
been reached. Observe the SOC over a 24-hour period.

Results:

All operating units properly stopped discharging when Battery SOC reached Minimum Reserve Margin set point.
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The graph below shows the kW set point (scale factor is 10,000) on the right axis and Battery SOC on left axis of CES-14. On June 10,
2014 at approximately 16:14, the unit was requested to export 25 kW. The unit did produce 25 kW for about 1 2 hours, at which time it
reached the Minimum Reserve Margin. At that time, despite the continued 25 kW set point, the unit retained a Battery SOC of
approximately 40%.
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Test Date: 6/10/2014 thru 6/13/2014
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5.2.3. CES Unit Will Operate Safely at 100% SOC and is Given a Charge
Command: DRSOC-CES-003

Mode of Operation: Hub Command

Requirement: CES unit will operate safely when unit is at Requirement Number: DRSOC-CES-003
100% SOC and is given a charge command.

Assumptions

CES Units are online and are charged above minimum reserve margin.

Method of Testing

CES Units participating in this test are to be sent a 25kW charge command in Hub Command mode. The CES Units are
expected to follow the command until the battery reaches 100%. At this point, the desired Unit behavior is maintaining a
100% charge as the Unit is still receiving charge commands.

Results

The graph below is typical of all operating CES units during this test. This unit started at 48% SoC. DR-SOC Hub sent a charge
command of 25 kW. When the unit reached 100% SoC, it began to ignore the charge command. When the SoC dropped to a value of
approximately 98%, the unit again responded to the charge command, and restored the SoC to 100%.

0.00 S I

-2 50 o941

- 88.0

751

-10.02
- TET

- 736

- 685

by
%

- 634
-20.03

2254

2504

48.0

G132014 4:00 Ahd -
G/1312014 500 AM
B/13/2014 12:00 PM -

61312014 4:00 P -
61302014 8:00 PM -
B 4/2014 12:00 Ahd -
G/1402014 4:00 Ahd -
G 402014 500 Ahd -
BM14/2014 12:00 Ph -
61442014 4:00 PM -
61442014 500 Ph -
BM5/2014 12:00 A -
G 52014 4:00 Ahd -
G1512014 800 Al -
6152014 12:00 PM -
G/152014 4:00 Ph -
61502014 8:00 PM -
BMB/2014 12:00 Al -
GAGI2014 4:00 Ahd -
BMBI2014 8:00 Al -
BM16/2014 12:00 PM -
G/M6I2014 4:00 PM -
BMBI2014 8:00 PM -
BMTi2014 12:00 AW

Right - D-8342 CSites. CES-10.Battery Sol Left - D-9342 CSites. CES-10.PCS Power (Real Power}

Test Date: 6/13/2014 to 6/16/2014
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5.2.4. CES Unit Will Operate Safely when KW & KVAR Setpoints Cause
Unit to Exceed Discharge kVA Rating: DRSOC-CES-004

Mode of Operation: Hub Command

Requirement: CES unit will operate safely when kW and kVAR
setpoints cause unit to exceed discharge kVA rating.

Requirement Number: DRSOC-CES-004

Assumptions

CES Units are online and are charged to a SoC above the minimum reserve margin.

Units have PowerOverVarsMode set (DNP Binary Input 130 is asserted).

Method of Testing

CES Units participating in this test are to be issued discharge commands that exceed their kVA rating by a significant
margin. Itis expected that the unit is to prefer producing watts over vars.

Example:
Command kW Command kvar Command kVA Expected kW | Expected kvar | Expected kVA
18 18 25.455 18 17.349 25
20 18 26.907 20 15 25
25 15 30 25 55 25
30 15 33.541 25 0 25
Results

See next page
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CES-13
CES-13.kVAR
Time stamp CES-13.kW Setpoint Setpoint
6/17/2014 13:15 25.00 15.00
CES-10
2/3/2015 14:50 30.00 15.00

kVA Setpoint (calc)
29.15475947

33.54101966

The fleet of CES units operated as expected, while slightly exceeding the kVA rating. Below are just a few example results.

CES-13.PCS

CES-13.PCS
kW kVARs
2411 5.42
24.9 10.2

The screenshot below shows real time values for CES-10, with a command to discharge 30 kW and 15 kVAR.

PCS
kVA

24.71

26.91

Test Date: 6/17/2014 & 2/3/2015
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5.2.5. CES Unit Will Operate Safely When kW & KVAR Setpoints Cause
Unit to Exceed Charge Kva Rating: DRSOC-CES-005

Mode of Operation: Hub Command

Requirement: CES unit will operate safely when kW and kvar Requirement Number: DRSOC-CES-005
setpoints cause unit to exceed charge kVA rating.

Assumptions

CES Units are online and are charged to a SoC above the minimum reserve margin. Units have PowerOverVarsMode set (DNP Binary
Input 130 is asserted).

Method of Testing

CES Units participating in this test are to be issued charge commands that exceed their kVA rating by a significant margin. It is expected
that the unit is to prefer producing watts over vars.

Example:
Command kW Command kvar Command kVA Expected kW Expected kvar Expected kVA
-20 18 26.907 20 15 25
-25 18 30.805 25 0 25
-30 15 33.541 25 0 25
Results

The fleet of CES units operated as expected, preferring charging kW over kVAR command. The command was -30 kW, 15 kVAR. The
screenshot below is from 2/3/2015 at 15:40.

NOTE - As Battery SOC approaches full charge, the CES internal algorithm limits the charge kW, which gradually reduces the charge to
0 kW.

Test Date: 2/3/2015
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5.2.6. DERMS Will Dispatch a Reasonable Set-Point when Algorithms
Command a kW Set-Point that Exceeds Unit Charge Rating: DRSOC-
CES-006

Mode of Operation: Hub Command

Requirement: DRSOC Hub will dispatch a reasonable set-point
when algorithms command a kW set-point that exceeds unit
charge rating.

Requirement Number: DRSOC-CES-006

Assumptions

CES Units are online and are charged to a SoC above the minimum reserve margin.

Method of Testing

Issue a charge command (negative kW) that exceeds the total combined kW of all of the CES units combined. It is expected that each
CES that is available for dispatch be issued a full kW charge command.

Results

This test was conducted in Peak-Shaving Mode.

Peak Shaving Threshold set at 4500 kW
DC 9342 load = 3,700 kW
HUB calculated kW available for charging = 800 kW

Total Max kW charge of available CES units = 350 kW
Actual kW commands sent;

The HUB algorithm did not send kW setpoints beyond the limits of each CES unit.

CES+1 CES-2 CES-3 CES-4 CES-5 CES-6 CES-7 CES-8 CES-9 CES-10
N/A -25 -25 -25 -25 N/A -25 -25 N/A -25
CES-11 CES-12 CES-13 CES-14 CES-15 CES-16 CES-17

-25 -25 -25 -25 -25 -25 -25

Test Date: 2/4/2015
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5.2.7. DERMS Will Dispatch a Reasonable Set-Point When Algorithms
Command a kKW Set-Point that Exceeds Unit Discharge Rating:
DRSOC-CES-007

Mode of Operation: Hub Command

Requirement: DRSOC Hub will dispatch reasonable set-point Requirement Number: DRSOC-CES-007
when algorithms command a kW set-point that exceeds unit

discharge rating.

Assumptions

CES Units are online and are charged to a SoC above the minimum reserve margin.

Method of Testing

Issue a discharge command (positive kW) that exceeds the total combined kW of all of the CES units combined. It is expected that each
CES that is available for dispatch be issued a full kW discharge command that is not beyond the limit of 25 kW..

Results

This test was conducted in Peak-Shaving Mode.

Peak Shaving Threshold set at 3300 kW
DC 9342 load = 4,000 kW
HUB calculated kW required = 700 kW

Total Max kW charge of CES units = 350 kW
Actual KW commands sent:

CES1 CES-2 CES-3 CES-4 CES-5 CES-6 CES-7 CES-8 CES-9 CES-10
N/A 25 25 25 25 N/A 25 25 N/A 25
CES-11 CES-12 CES-13 CES-14 CES-15 CES-16 CES-17
25 25 25 25 25 25 25
The HUB algorithm did not send kW setpoints beyond the limits of each CES unit.
Test Date: 2/4/2015
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5.2.8. DERMS Will Distribute Requested KW Charge or Discharge Across
All Units Based on SoC of Each Unit: DRSOC-CES-008

Mode of Operation: Hub Command

Requirement: DR-SOC Hub will distribute requested kW charge Requirement Number: DRSOC-CES-008
or discharge across all units based on SoC of each unit.

Assumptions

CES units currently have various SoC values between 20% and 100%.

Method of Testing

Issue a Hub charge, or discharge, command that is within the kW capability of the available CES units.
When requesting kW discharge, the units with less SoC will be requested to provide less kW than units with higher SoC.
In contrast, when requesting kW charge, units with less SoC will be requested a higher charge kW than units with a higher SoC.

Results

DR-SOC Hub correctly dispatched CES units, based on their Battery SoC. Below are screenshots for 8/29/2014 showing results.

Command: -100 kW (charge)
CES Site Summary

Site Batterp 5S0C Comm  PCS Power PCS YARs Load DC Contactor Inhibit Alar
CES-1 [1555Feathewood D] 2080%  [NORMAE 257 kw 339 043y
CES-2  [1451 Hen Rd) F5O0 % [NORMAL 2 B18 KW E.35 0.7 jo
CES-3 [1873MagroliaBlvd)  B470%  [NDRMAL 555 kW 392 1EB
CES-4 [1824 Magnolia Blvd)] 8540 %  [HORMAL 272 Kw 248 1,98 g
CES-7 [114 Aherdeen) ey [RORNRE 414 kw 340 B.14 k! £Lsp
CES-8  [122 Aberdeen] 7340%  [NORMAE 496 KW 266 780 kw
CES-9 (132 Aberdeen) B400%  ([DDRMAE & 283 kW 339 205 k!
CES-11 (3881 Ryans Ridge]  ERE0%  [HORMAN — £22 kW 376 1.32 o CLSD
CES-12 (1716 Meadowbrock]  F320%  [BORMIAL] 603 KW 378 EE,
CES-13 (1713 Pinecroft Drive] 7280 %  [NORMAE = 5.01 kw 251 210 k!
CES-14 [1656 Meadowbrook]  7240%  [NORMAL 512 KW 345 257 jowd CLsD
CES-15 (3819 DavidLanding]  £320%  [NDEMN 683 kw 378 075 pw tLso
L
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Command: 100 kW (discharge)

Test Date: 8/29/2014
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5.2.9. CES Efficiency: DRSOC-CES-009

Because the archive data intervals available at the DERMS level were not sufficient to provide
accurate efficiency data, the efficiency calculations caused some percentage to be greater than
100%. A more accurate efficiency analysis was performed by DNVGL in their laboratory as part
of the functional testing as described in section 5.5.

Test Date:

Mode of Operation: Hub Command

Requirement: CES Efficiency Requirement Number: DRSOC-CES-009

Assumptions

A number of units are currently holding an SOC of 100%.

Method of Testing

DR-SOC Hub will command a number of units that have an SOC value of 100%, to dispatch at 25 kW for 1 hour. The hub will then
command the same units to charge at 25 kW. The kWh delivered will be compared to the kWh consumed to reach an SOC of 100%
again.

Results
Test #1 (5 minute scans / 15 minute archive)
kWh discharged kWh charged %
CES-8 25 31.83 78.54%
CES-9 24.99 28.15 88.77%
CES-10 25.01 28.05 89.16%

Date: Nov. 26, 2013

Test #2 (5 minute scan / 15 minute archive)

kWh discharged kWh charged %
CES-5 27.02 24.96 108.25%*
CES-9 25.03 2497 100.24%*
CES-13 27 27.96 96.57%
CES-17 26.99 27.74 97.30%

Date: Dec. 6, 2013

*It was determined the archive data intervals available at DR-SOC are not sufficient to provide valuable efficiency data.
DNVGL performed efficiency testing in their lab, and that data will be used to validate compliance with vendor specifications.

Test Date: 11/26/2013, 12/06/2013
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5.2.10. DERMS Will Issue Commands per a Set Schedule to Produce
“Renewable Energy Time Shift”: DRSOC-CES-010

Mode of Operation: Schedule

Requirement: DR-SOC Hub will issue commands per a set Requirement Number: DRSOC-CES-010
schedule to produce “Renewable Energy Time Shift’

Assumptions

The 500 kW PV system at Monroe County Community College (MCCC) is operational.
All available CES units are placed in “Schedule” Mode of Operation.

Method of Testing

A schedule will be set for each available CES unit as follows to demonstrate the “Renewable Energy Time Shift” application for energy
storage.

Hour kW

9 -15
10 -35
11 -35
12 -35
13 -35
14 -35
15 -3
16 -15
18 11.75
19 11.75

Results

The DR-SOC HUB successfully dispatched CES units per a configured schedule. The result was a shift of the energy produced by the
500 kW PV system from the middle of the day to the hours when the PV system would normally contribute very little kW to the
distribution circuit (18:00 to 20:00)
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The graph below shows the PV production on November 14, 2014.
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The graph below shows the CES fleet total kW for this same day. Note the units were near maximum SoC at the start of the da
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The graph below Shows the calculated kW total of the PV and the CES fleet on this same day.
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The graph below shows the result to the overall circuit KW as seen by the substation. The brown line represents circuit load on
December 23, a day the CES fleet was not scheduled to dispatch. It is important to note that on Dec. 23, the lack of sun energy
minimized the output of the PV system. This caused higher circuit load seen by the substation on Dec. 23, when compared to Nov. 14.
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The blue line represents November 14, a day the DR-SOC HUB schedule called for the CES units to charge/discharge per the above
schedule.
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Summary - The Renewable Energy Time Shift can be configured to shift a portion of the PV production to the time when the circuit peak
normally occurs. The result is similar to a static peak shaving application.

Test Date: 11/14/2014
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5.2.11.

DERMS Will Issue Commands per a Set Schedule to Produce

“Electric Energy Time Shift”: DRSOC-CES-011

Mode of Operation: Schedule

Requirement: DR-SOC Hub will issue commands per a set
schedule to produce “Electric Energy Time Shift”

Requirement Number: DRSOC-CES-011

Assumptions

The 500 kW PV system on the distribution circuit is operating correctly.

All available CES units are placed in “Schedule” Mode of Operation.

This test will run for a minimum of 5 days.

Method of Testing
A schedule will be set as follows to demonstrate the “Electric Energy Time Shift” application for energy storage.
Example:
Charge Time ON Charge kW Discharge Time ON Discharge kW (fleet)
09:00 - 11:00 25 kW each CES 17:00 — 22:00 7.5 kW each CES
Results

The graph below shows energy being consumed by the available CES units early in the day, when circuit load is lower. The schedule
then commands the fleet to produce kW in late afternoon. This essentially shifts kWh from one time of the day to another.
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Test Date: 10/3/2014
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5.2.12. DERMS Will Send Commands to CES Units Based on
Simulated AGC Signal: DRSOC-CES-012

Mode of Operation: AGC

Requirement: DR-SOC Hub will send commands to CES units Requirement Number: DRSOC-CES-012
based on simulated AGC signal

Assumptions

Simulated AGC signal will contain the same values used in KEMA’s CES unit testing.
DR-SOC Hub will distribute AGC kW setpoint based on each CES unit's SoC as shown in Requirement Number: DRSOC-CES-008

Method of Testing
All available units are to be brought to 50% SoC and placed in AGC mode with the waveform played to them over the course of several
days. This test will include CES-19, a unit utilizing repurposed batteries, located at Next Energy in Detroit (not on DC9342).

Results

All available units were placed in AGC mode. With the exception of CES-19, all units followed the commanded setpoint closely, as seen
in the graph below.
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CES-19's deviance appears to be the result of the way the SoC is computed in the repurposed battery. As with all of the CES units
involved in this test, CES-19 was configured with a 20% reserve margin. Each time the repurposed battery reported a SoC value below
this threshold, its inverter immediately started a maintenance charge. This behavior explains the downward spiking and the prompt
recovery observed in the results.

CES Unit 19 also appears to have a resistance plateau at 80%, which is seemingly caused by suboptimal cell balancing inside its
repurposed battery. When the battery controls detect that a single cell has reached its maximum voltage, the battery controls inhibit
further charging of ALL cells and a SoC of 100% is passed to the CES inverter to prevent it from applying a charge. Individual cells
causing the balancing issue were replaced to enable the battery system to continue to operate. After replacing the failed cells, additional
cells failed causing the repurposed units to open up the DC contactor making the CES unit non-operational.
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5.2.13. DERMS Will Discharge CES Fleet to Maintain a Maximum kKW
at the Circuit Feeder: DRSOC-CES-013

Test Date: 8/26/2015 through 8/31/2015

Mode of Operation: Peak Shaving

Requirement: DR-SOC Hub will discharge CES fleet to maintain | Requirement Number: DRSOC-CES-013
a maximum kW at the circuit feeder.

Assumptions

All available CES units are placed in “Peak Shaving” Mode of Operation.
DR-SOC Hub must charge the CES units when the total kW needed to charge will not cause the circuit to rise above the peak-shaving
threshold.

Method of Testing
A peak-shaving threshold will be determined based upon recent circuit data.
Example:
4 000
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23,6004
33,5004
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5.2.14. Charge When Needed for Reserve Capacity: DRSOC-CES-014

Mode of Operation: DEW

Requirement: Charge when needed for reserve capacity Requirement Number: DRSOC-CES-014

Assumptions

DEW's AppDefSettings.cfq file is configured for at least a 4 hour minimum reserve capacity. Current load multiplied by this value added
to the minReserveCapacity parameter should exceed CES configured minimum reserve margin kWh (default: 10kWh). Unit SoC values
must be below this calculated minimum reserve. All available CES units are placed in “DEW” Mode of Operation.

Method of Testing

1. Set the “minReserveCapacity” parameter in AppDefSettings.cfg to 12.5.

2. Setthe “numberReserveCapacityHours” parameter in AppDefSettings.cfg to 8.

3. Use Hub command mode to bring each unit's SoC below 60%.

4. Perform load * minimum capacity calculations to ensure that charge condition would be issued based on present loading
conditions.

Place all available units in DEW Mode of Operation.

6. Ensure units are issued charge commands and record values.

o

Results

A series of Hub commands were issued to discharge the units down to acceptable levels for this test. The table below shows each unit's
Battery SoC after discharge (Step 3).

Site Battery 50C Comm PCS Power PCS VAR: Load DC Contactor Inhibit Alar
CES-2 (1451 Hen Rd) 2850 %  [NORMAE ~ 0.00 KW 337 089 CLSD
CES-3 (1878 MagroliaBlvd) 2450 %  [NDRMAY 000 kW 347 BO0 gy tLsD
CES-4 (1824 Magnolia Blvd]] 2490 %  [NORMAL  0.00 KW 241 1.22 o cLsD
CES-5 (1817 Garden Drive]  2430%  [HORMAL 0.00 ki 335 1.07 oy
CES-6 (10 &berdeen) 2830 %  [NORMAE  0.00 kw 337 1.16 k! tLsD
CES-7 (114 Aberdeen) 2490%  (DORMRE &~ 0.00 kw 240 202 ! CLSD
CES-8 (122 Aberdeen] 2530 %  [NORNAE]  0.00 kW 335 304w CLSD
CES-10 [142 Aberdeen) 2950 %  |NORNAE 000 kw 2.40 069 o CLSD
CES-11 (3881 RyansRidge]  2490%  [HDRMAN & 000 kwW 3.41 1.09 K
CES-12 (171EMeadowbrook] 2490 %  [NORMAL  0.00 Kw 229 0.78 k! cLsD
CES-13 (1713 Pinecroft Drive] 2490 %  [NDEMAE  0.00 kw 345 178w CLsD
CES-14 (1656 Meadowbrook] 2920 %  [NORMAL 000 KW 3.42 240
CES-15 (3819DavidLanding) 2370%  [HDEMAE  -1.00 kW 247 084y CLsD
CES-16 [1031 Cameron Circle] 19090 % [NORMAL] 0.00 pias 344 082 [y CLSD
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All available units were then placed in the DEW Mode of Operation and the resulting commands from DEW were observed.
Fig. 14-1 shows a web page utilized by DR-SOC during the project, which provides an overview of real-time values key parameters of
the fleet. Fig. 14-2 shows a graph of the Total Fleet kW for the day of the test.

y

CES # SNC2 Charge 28.6%
PC‘S -16.12 KW, 1.27 kvar

Current mode: DEW ECOM

CES# SNC3 Charge 24.9%
F’C'-S' -23.34 KW, 4.08 kvar

Current mode: DEW ECON

CES # SNC4 Charge 24.9%
F’C‘S'*ES 81 KW, 4.93 kvar

Current mode: DEW ECON

CES # SNC5 Charge 24.4%
PC-S -23.32 KW, 4.73 kvar

Current mode: DEW ECON

CES # SNC6 Charge 28.3%
PC‘S' -12.21 KW, 3.39 kvar

Current mode: DEW ECON

CES # SNCT Charge 24.9%
PCé: -24.97 KW, 4.91 kvar

Current mode: DEW ECON

CES # SNC8 Charge 25.4%
F‘Cé -25.01 KW, 4.84 kvar

Current mode: DEW ECOM

CES # SNC10 Charge 29.6%
PCS:-22.55 kW, 4.4 kvar

Current mode: DEW ECON

CES # SNC11 Charge 24.9%
F‘Cé -24.98 KW, 0.38 kvar

Current mode: DEW ECON

CES # SNCA2 Charge 24.9%

PCé: -19.78 KW, 4.06 kvar

Current mode: DEW ECON

CES # SNC13 Charge 24.9%
PCS:-25 kW, 3.43 kvar

Current mode: DEW ECON

CES # SNC14 Charge 20.3%
PCS:-21.32 kW, 0.34 kvar

Current mode: DEW ECON

CES # SNC15 Charge 23.9%

PCS:-21.99 KW, -3.69 kvar

Current mode: DEW ECON

CES # SNC16 Charge 19.9%

PCS: 147 KW, 3.44 kvar

Current mode: DEW ECON

CES # MCCC Charge 19.8%

PCS: 0 kW, 87 kvar

Current mode: DEW ECON

Fig. 14-1

Fleet discharge Fleet charge to obtain Reserve Capacity

(Step 3)

A

[

D-9342.Total CES kW (PCS) 5/21/2015 - 5222015
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Fig. 14-2
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The graph below shows individual CES Battery SoC for this date.
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Test Date: 5/21/2015
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5.2.15. Discharge When LMP Price is High and Unit is not Needed:
DRSOC-CES-015

Mode of Operation: DEW

Requirement: Discharge when LMP price is high and unit is not Requirement Number: DRSOC-CES-015
‘needed”

Assumptions

Units participating are expected to be charged higher than the configured minimum reserve margin. AppDefSettings.cfg should have a
minimumpProfitMargin_dollarsPerMWh parameter lower than the current price minus future price after factoring losses (round-trip
efficiency). Current LMP needs to be higher than the minimumDischargePrice_dollarsPerMWh parameter. All available CES units are
placed in “DEW” Mode of Operation.

Method of Testing

1. Restore the “numberReserveCapacityHours” parameter in AppDefSettings.cfg to 2.

2. Restore the “minReserveCapacity” parameter in AppDefSettings.cfg to 10.

3. Set the “minimumProfitMargin_dollarsPerMWh’ parameter in AppDefSettings.cfg to $0.50/MWh.

4.  Set the “minimumDischargePrice_dollarsPerMWh” parameter in AppDefSettings.cfg to $30/MWh and ensure that the price is
below instantaneous LMP price for test to be valid.

Use Hub command mode to bring each unit's SoC above 60%.

6. Place all available units in DEW Mode of Operation.

o

Ensure units are issued discharge commands.

Results

See next page
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The test was instrumented as described and yielded an interesting dataset. The LMP data shown in the graph below is the hourly
average price and does not reflect the 5-minute LMP volatility that was fed to the DEW algorithm in real-time. This volatility is the reason
behind the CES units charging shortly before what appears to be the end of the peak LMP. It is important to note that the LMP at the
beginning of the hour was higher and as the price started leveling off, the DEW algorithm took the opportunity to charge the CES fleet.
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Test Date: 8/5/2015 11:00AM — 8:00PM
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5.2.16. Do Not Charge When Doing so Would Cause Overload:
DRSOC-CES-016

Mode of Operation: DEW

Requirement: Do not charge when doing so would cause Requirement Number: DRSOC-CES-016
overload

Assumptions

Current circuit/unit conditions are as such:

- CES-2is configured in DEW with a transformer rating of 25 kVA

- CES-5is configured in DEW with a transformer rating of 50 kVA

CES batteries are below maximum state of charge by a significant margin.
Current LMP price is negative.

Method of Testing

Send Hub commands to get units under test (CES-2 and CES-5) between 40% and 80% charge.

Using a test application, feed DEW a value of 25 for the load kW of each CES participating in the test, on a periodic basis.

Feed DEW the output of a calculation that multiplies the LMP by negative 1 to get a constant negative LMP. This ensures DEW would
charge the units, based on economics, if the charge would not overload the transformer.

Results

Fig. 16-1 shows the results of CES-2. The load kW of CES-2, as seen by DEW, would oscillate between actual
value (less than 5 kW), and the value fed from the test application (25 kW). While scan rates and archiving
intervals caused a few exceptions, DEW would charge the unit when the charge would not cause a transformer
overload, but would not charge when it would doing so would cause an overload.
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Fig. 16-1
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Fig. 16-2 shows the results for CES-5. A load value of 25 kW did not affect the charging of CES-5, since it would not cause an overload.
DEW continued charging the unit and it achieved 100% SoC within 3 hours.
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Fig. 162

Test Date: 8/20/2015-8/21/2015
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5.2.17. Maintain Configured Reserve Capacity: DRSOC-CES-017

Mode of Operation: DEW

Requirement: Maintain configured reserve capacity Requirement Number: DRSOC-CES-017

Assumptions

Current circuit/unit conditions are as such:

- Unitunder test has a reserve capacity configured in DEW for at least two hours of emergency power
- Unit SoC is above the minimum reserve capacity
- minimumProfitMargin_dollarsPerMWh has been met

Method of Testing

Due to low loading, numberReserveCapacityHours was set to 8 hours

Battery SoC near 100%

Set minimumProfitMargin_dollarsPerMWh and minimumDischargePrice_dollarsPerMWh both set to $0.01
Place unitin DEW mode

Results

CES5 was selected as test unit. At the start of test, unit had 99% battery SoC.
The graph below contains four distinct time periods where DEW recommended commands indicate the algorithm was responding as
expected, and maintained the required reserve capacity hours as a priority above profit margin. There was a slight lag time between the
real-time Load kW and resultant change in the unit's SoC, caused by CES unit scan rates.

1. When real-time Load kW was low, the DEW algorithm discharged CES due to profit margin being met.

2. When real-time Load kW increased between 9:00 and 10:00 PM, DEW charged the unit in order to maintain the 8 hours of

reserve capacity, despite the profit margin still being met
3. When Load kW was again low, after midnight, the unit was discharged for profit margin
4. As Load kW again increased around 6:00 AM, the unit was charged to attain the desired reserve capacity hours
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Test Date: 10/19/2015
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5.2.18. Resolve Transformer Overload by Discharging CES: DRSOC-
CES-018

Mode of Operation: DEW

Requirement: Resolve transformer overload by discharging CES | Requirement Number: DRSOC-CES-018

Assumptions
Current circuit/unit conditions are as such:

- CES unitin this test need to be placed in “DEW” Mode of Operation.
- CES battery is above minimum state of charge by a significant margin.
- Current LMP price is low, at zero or negative.

Method of Testing

- CES-3 used for this test. The transformer rating is 25 kVA

- Create new “test” Load kW point for CES-3, which will be calculated by multiplying the actual load by 12.5. This will periodically
create an overload condition on the transformer

- Change PtID exchanged between DR-SOC Hub and DEW for CES-3 Load to new calculated point

- Utilize Negative LMP price in DEW configuration (ensures DEW will not discharge due to economics)

Results

The data indicates the DEW algorithm functioned properly. With a multiplier of 12.5, the “new” CES-3 load rose well above the
transformer rating of 25 kVA. Even with the CES discharging, the “test” load value rose well above 25 kW. DEW took advantage of times
the transformer was not overloaded to charge the CES.

80
70
60
50 A
40 f A

A
30 - A—NA
20 \
10 N\ A ——— CES-3 Load kW

0 '%WA-—M\’/ CES-3-PCS kW
-10

-20

Test Date: 10/22/2015
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5.2.19. Resolve Low Voltage by Supplying KVAR: DRSOC-CES-019

Mode of Operation: DEW

Requirement: Resolve low voltage by supplying kvars Requirement Number: DRSOC-CES-019

Assumptions

Current circuit/unit conditions are as such:

- AIICES units in this test need to be placed in “DEW” Mode of Operation.

- Circuit primary meter voltage is dipping below configured minimumPrimaryVoltage_120Vbase value.
- Current LMP price is not high enough to cause algorithm to discharge.

- Under normal conditions, each CES produces approximately 3.4 kvar's due to internal capacitor.

Method of Testing

1. Place all units in DEW Mode of Operation.
2. Set minimumPrimaryVoltage_120Vbase configuration parameter to 123.5
3. Set minimumDischargePrice_dollarsPerMWh parameter to 1000.

Voltage conditions on the circuit have been such that realistic low voltage testing was not possible as the substation transformer's load
tap changer maintained voltage above 122 steadily. This test was performed with a value of 124 set for
minimumPrimaryVoltage_120Vbase and backed off to 122.7, using CES-15.

Results

Fig. 19-1 shows the results. DEW successfully requested kVAR’s from the CES to resolve a low voltage condition.

140.0
120.0
100.0
80.0
—Volts 1
60.0 End of test Volts 2
Start of test
40.0 \\ /’ PCS kvar
20.0 \/ J/
0.0 T T T T 1
6/2/157:12 6/2/158:24 6/2/159:36 6/2/1510:48 6/2/1512:00 6/2/1513:12
-20.0
Fig. 19-1
Fig. 19-2 is the table representation of the chart in Fig. 19-1.
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* Changed Nominal Voltage Setting to 124
** Changed Nominal Voltage Setting to 122.7

Timestamp Volts1 | Volts 2 PCS kvar
6/2/157:28 122.7 122.9 -3.55
6/2/15 7:44 122.9 123.0 -3.43
6/2/15 7:59 122.7 122.9 -3.50
6/2/15 8:13 122.7 122.8 -3.40
6/2/15 8:29 122.9 123.0 -3.45
6/2/15 8:44 122.6 123.0 -3.45
6/2/15 8:58 122.5 122.8 -3.50
6/2/15 9:14* 122.7 123.0 -0.65
6/2/15 9:29 122.6 123.1 3.32
6/2/15 9:43 123.5 123.7 18.89
6/2/15 9:59 123.8 123.9 25.00
6/2/15 10:14 123.6 123.7 25.00
6/2/15 10:28 123.6 123.6 25.01
6/2/15 10:44 123.7 123.8 24.98
6/2/15 10:59 123.5 123.8 25.00
6/2/1511:13 123.5 123.7 25.00
6/2/1511:29 123.0 123.4 22.30

6/2/15 11:44%* 121.8 122.4 3.38
6/2/15 11:58 122.6 122.9 3.36
6/2/1512:14 122.5 122.8 3.40
6/2/15 12:29 122.6 122.9 3.44
6/2/15 12:43 122.7 123.0 3.38

Fig. 19-2

Test Date: 6/2/2015 8:30AM — 12:00PM
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5.2.20. Resolve High Voltage by Supplying KVAR: DRSOC-CES-020

Mode of Operation: DEW

Requirement: Resolve high voltage by absorbing kvars Requirement Number: DRSOC-CES-020

Assumptions

Current circuit/unit conditions are as such:

- Al CES units in this test need to be placed in “DEW” Mode of Operation.

- Circuit primary meter voltage is exceeding above configured maximumPrimaryVoltage_120Vbase value.

- Current LMP price is high enough to cause algorithm to discharge.

- DEW calculates high-side voltage using low side voltage plus an assumed voltage drop based on amount of load

Method of Testing

Set maximumPrimaryVoltage_120Vbase value to 126 while voltage on the load side of the selected CES units is above 124 volts.
NOTE - Each CES contains a capacitor that provides approximately 3 kVAR'’s under stand-by conditions.

Results

CES-4 was selected to perform this test. As the voltage started rising past the configured threshold, the CES unit switched off its
capacitor and started absorbing vars. This brought the voltage down at the load below the configured threshold.
Fig. 20-1 shows a table of the results. Fig. 20-2 is the chart for this same dataset.

CES Load Voltage | Load Voltage
Local Time kVAR 1 2

7/9/15 13:11 3.45 124.1 124.3

7/9/15 13:27 2.90 124.2 124.2

7/9/15 13:44 2.44 124.6 124.8

7/9/15 13:56 2.19 124.5 124.8

7/9/15 14:14 3.60 123.8 123.8

Although Load 7/9/1514:29 3.16 123.9 123.9
Voltage was < 126{ 7/9/1514:43 | -1.23 125.4 125.6
DEW calculated >12 7/9/1514:57 | -1.17 125.2 125.4
as it assumes a 7/9/15 15:14 1.81 122.7 122.5
voltage drop across 7/9/15 15:28 1.94 122.8 122.8
~ : 7/9/15 15:42 3.54 123.3 123.4

Fig. 20-1
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Fig. 20-2

Test Date: 7/9/2015
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5.2.21. Resolve Single-Phase Primary Overload by Discharging Only
Batteries on that Phase While Charging Others (Low Price): DRSOC-
CES-021

Mode of Operation: DEW

Requirement: Resolve single-phase primary overload by Requirement Number: DRSOC-CES-021
discharging only batteries on that phase while charging others (low
price)

Assumptions

Current circuit/unit conditions are as such:

- AIICES units in this test need to be placed in “DEW” Mode of Operation.
- Amp measurement on Phase A is higher than the rating of the exit cable in the DEW circuit model.
- Current LMP price is low, at zero or negative. DEW will prioritize reliability over economics.

Method of Testing

Insert a short run of significantly smaller conductor (#6) in the DEW circuit model on X phase at the start of circuit. This simulates a
primary overload condition on a single phase.
CES-3 is on the affected phase, while CES-2 is on a different phase.

Results

The test was repeated twice with a charge issued between the two runs. The LMP pricing had no effect on the CES operations in this
test and was only included to demonstrate DEW'’s prioritizing of reliability over economics. The chart below shows DEW only required
power from the CES on the overloaded phase.

4.23— Test #1 Test #2
347 CES-3 (on X phase)\

1.06 -

0.00 T—— _ — —_— _— .

-1.08

[

:1 CES-2 (not on X phase)

-525 -

Gi27/2015 1:00 AM
Bi27/2015 2:00 AM
Gi27/2015 3:00 AM
GiZ7/2015 4:00 AM
Bi27/2015 5:00 A
Bi27/2015 6:00 AM
Bi27/2015 T:00 AM
612712015 8:00 AM
Gi27/2015 5:00 AM
B27/2015 10:00 A
B27/2015 11:00 AN
B27/201512:00 PM -
Bi27/2015 1:00 PM
Gi27/2015 2:00 PM
Bi27/2015 3:00 PM
Bi27/2015 4:00 P
612712015 5:00 PM
612712015 6:00 PM
GiZ7/2015 7:00 PM
Bi27/2015 5:00 PM
Bi27/2015 5:00 PM
B27/2015 10:00 PM -
B27/2015 11:00 PM
626/201512:00 AM

Left - D-9342.CSites. CES-2.PCS Power (Real Power) Left - D-9342.CSites. CES-3.PCS Power (Real Power)

Test Date: 6/27/2015
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5.2.22. Forecasted Overload Alert: DRSOC-CES-022

Mode of Operation: DEW

Requirement: Forecasted overload alert Requirement Number: DRSOC-CES-022

Assumptions

Current circuit/unit conditions are as such:

- AIICES units in this test need to be placed in “DEW” Mode of Operation.

- Current time is just before customer/class load curve peak configured in DEW. The load is expected to increase in the next
forecast period (hour).

- Present load is just under transformer rating.

Method of Testing

Look up results in XMLSent SQL table for the time interval matching the test.

Results

The overload alert message appears as expected for the affected units in the warnings="" XML attribute:

<unit name="CES14" primaryOverride="1" anticipatedOverload="4.0" warnings="At hour 3: Reserve capacity greater than battery
capacity; At hour 4: Reserve capacity greater than battery capacity; At hour 4: Reserve capacity will be violated to satisfy KW discharge
requirement; At hour 5: Reserve capacity greater than battery capacity; At hour 5: Reserve capacity must be violated due to
battery/inverter limitations; At hour 6: Reserve capacity greater than battery capacity; At hour 6: Reserve capacity must be violated due
to battery/inverter limitations; At hour 7: Reserve capacity greater than battery capacity; At hour 8: Reserve capacity greater than battery
capacity; At hour 10: Reserve capacity greater than battery capacity; At hour 23; Reserve capacity greater than battery capacity"
outputkw="0.0" outputkvar="0.0" hoursStandby="3.5" />

14.00
12.00
10.00

8.00

6.00 — CES-14 load kW

4.00
2.00

0.00
7/1/154:48  7/1/159:36 7/1/1514:24 7/1/1519:12 7/2/150:00 7/2/154:48 7/2/159:36

Test Date: 7/1/2015
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5.2.23. Minimum Profit Margin test: DRSOC-CES-023

Mode of Operation: DEW

Requirement: Minimum profit margin test Requirement Number: DRSOC-CES-023

Assumptions

Current circuit/unit conditions are as such:

- AIICES units in this test need to be placed in “DEW” Mode of Operation.
- Current LMP price is low, but expected to spike at times during the day

Method of Testing

1. All CES units participating in this test are to be charged up to 100%.
2. minimumDischargePrice_dollarsPerMWh set to $32/MWh.

Results

Fleet of available CES units placed into DEW mode at 10:00 AM. When the LMP rose above the set threshold (around 11:30 AM), DEW
recommended the fleet to be discharged. DR-SOC Hub sent the appropriate DNP3 commands. When LMP price dropped, the fleet was

commanded to begin charging. Later, at 6:00 PM, the LMP spiked again, and the fleet was again discharged.
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Test Date: 4/24/2015
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5.3. Storage System Performance

This section discusses in detail the development of the batteries and the balance of plant used in
the project and the challenges that were overcome to create a CES unit that can be used in a
utility application.

5.3.1. CES Technical Challenges

Several technical challenges were encountered in the design, validation and verification, and
field deployment of the CES units. The first challenge was the design requirement of a single-
phase, 240v/120v AC unit, a departure from S&C Electric typical primary high voltage (>4 kV),
3-phase type of equipment. The CES still needed to have utility grade performance, a compact
design with a footprint similar to that of a residential pad mount transformer along with all of the
safety requirements of utility-grade distribution equipment. These safety and quality features
included passive cooling (no fans), poke and pry safe enclosure, highly corrosion resistant
coatings, and quiet operation.

In addition to the overall packaging needs of a CES inverter, other utility functional
specifications had to be met. These included voltage support, peak shaving, load shifting, anti-
islanding, SCADA control via DNP3, and meeting industry standards such as IEEE 1547.

In order to achieve compliance with IEEE 1547, S&C sent a CES unit to Intertek Testing
Laboratories in Rochester, NY. Intertek’s technicians completed the various tests in accordance
with IEEE 1547.1. The test results are outlined below showing that the CES complies to IEEE
1547 standard.

Per UL 1741 Section 39.1 and 46.1.1 “A utility-interactive inverter or interconnection
IEEE IEEE : .
1547 1547 1 system equipment (ISE) shall comply with the Standard for
' Interconnecting Distributed Resources with Electric Power Systems, IEEE 1547...”
51.21 Operational Temperature Pass
51.2.2 Storage Temperature Pass
5.1.1 5.2 Response to abnormal voltage Pass
511 5.3 Response to abnormal frequency Pass
51.2 54 Synchronization Pass
51.3 5.5 -- Interconnect Integrity tests (heading) --
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5.1.3.1 5.5.1 Protection from EMI (IEEE C37.90.2) Pass

51.3.2 5.5.2 Surge withstand (C62.45 and C62.41) Location Category A, B, or C Pass

5.1.3.3 55.3 Paralleling Device Pass

5.2 Response to abnormal voltage (Repeat) Pass

5.3 Response to abnormal frequency (Repeat) Pass

54 5.1.2 Synchronization (Repeat) Pass

51.4 5.7 Unintentional Islanding Pass

4.2.6 5.10 Reconnection to Area EPS Pass
51.5 5.6 Limitation of dc injection N/A

5.1.6 5.1 Harmonics (current) Pass

59 Open Phase Pass

Table 9: IEEE 1547 Test Results

After units were installed and commissioned into service, some operational anomalies were
discovered. Firmware updates to the BMS and PSC needed to be performed locally. During the
update of the first unit, the AC contactor opened, resulting in an outage for the customers fed via
the CES unit. Firmware updates on the remaining units required DTE line crews to install a
hardwire bypass during the update process.

Another issue that was particularly problematic was the procurement of line inductors that could
function properly and quietly with the S&C inverter. Different suppliers tried several variations
of designs and potting materials to achieve operation meeting the temperature and sound level
specifications.

There were additional component issues that were uncovered once the units were installed in the
field that caused the AC contactor to open resulting in customer outages. DTE UGL crews
responding to the outage would bypass the unit. The analysis performed by S&C indicated high
resistance through an auxiliary contact on the AC contactor could cause the controls to
inadvertently open the contactor. Replacement contact assemblies have been received by DTE,
but have not been installed in the units. Installation, planned for in Spring 2016, requires two
short outages for the customers.

Another procurement issue was related to circuit boards that were improperly cleaned during the
soldering process that caused false readings due to leakage current on the circuit board. The false
readings would inhibit the operation of the unit. These units were replaced.
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All problems that were uncovered after the unit units were installed were resolved by S&C.

It is not unusual to uncover additional issues when new technology is deployed in field
operation. Even though the factory testing uncovers most of the problems, there are always
subsets of problems that are uncovered in field operation. This project most likely uncovered
most of the anomalies making the CES a robust product. This is why demonstration projects of
new technologies are so important to ensure that a product operates as designed in all
environmental situations.

5.3.2. New Battery Technical Challenges

As the project evolved, many technical challenges with the storage batteries became known. The
first of these was the stability of the supplier base. During the life of this project, two battery
suppliers ceased operations causing S&C to contract with Kokam from South Korea for all of the
new batteries. The first mechanical challenge was keeping the battery watertight. Since the
batteries were installed beneath the CES in a vault about five feet deep, they were often exposed
to water and in some cases, completely submerged. Maintaining a watertight seal proved
difficult and seal designs changed a few times before the proper arrangement was determined.
Verifying the integrity of the seal was also added to the testing regimen batteries underwent
before being sent to the field. The battery was thermally cycled from -40°C to +50°C and then
the seal was verified for integrity with a Helium leak test. If that test passed, the battery was
submerged for two weeks in a water tank while under operation by a CES.

The Battery Management System (BMS) also required several iterations of changes, and testing
to develop a BMS that would properly control the battery cells, dispatch power and correctly
calculate and report the state of charge (SOC) to the CES PCS. The validation and verification
of these changes took several months and caused some delays in final delivery of the CES
systems.

5.3.3. Repurposed Battery Technical Challenges

Another deliverable by S&C were two CES units using end-of-life automotive batteries, or
repurposed batteries. eCamion company was tasked with taking six Fiat 500e battery packs from
pre-production test EVs and repurposing them into a CES battery that communicated with the
CES PCS. The challenges here were significant.

First, eCamion attempted to use a whole battery pack “as-is” from the automotive application.
To accomplish this, they would have to adapt their BMS to communicate to the battery CAN
message bus and behave as the master controller and to sort out all of the information that an
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automotive battery normally delivers. This task proved not to be feasible. The CAN
communication system was too unique to be adapted to eCamion’s BMS system.

Since using a pack “as-is” was proven unfeasible, all battery packs were disassembled and each
module was tested for capacity before integrating them into a custom battery pack. Testing
modules resulted in approximately 5% to 10% of them being rejected for insufficient capacity.
The good modules were assembled into two (2) packs, one with about a 47 KWh capacity and
the other having a 94 KWh capacity. The different configurations were necessary due to the DC
voltage range of the inverter.

In addition, a custom enclosure had to be designed and built to house these newly assembled
packs. Because of the container size and the need have easy access to trouble shoot, these
repurposed packs were not to be installed below grade.

5.3.4. Serviceability and Commissioning Challenges

The CES unit was not designed with any “user-replaceable” part so if a malfunction occurred,
the solution was to remove and replace that unit with a repurposed one. While there was a
procedure to electrically bypass the CES before removing it, DTE elected to forego the bypass
procedure because of safety concerns in the tight working area and instead outage the customer
while units were replaced due to a malfunction. Generally the change out was about a 15 to 20
minute outage while the units were replaced. Figure 25 shows the AC termination bay. S&C
worked with DTE to improve the ease of bypassing the unit so the customer did not experience
an outage during field replacement.
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Figure 25: AC Termination Bay

The location of the units sometimes provided hindrances to servicing the units. If it had rained
recently, the sites were not always accessible by the boom truck required to remove and reinstall
the CES. In some cases, units had to be bypassed for several days until the location dried out
enough to get a truck in.

Cold weather also affected the availability of the CES system. Although the battery was
underneath the CES and somewhat sheltered from the cold, if the battery temperature fell below
10°C, the system BMS automatically reduced output to protect the battery cells.

5.4. DNV GL CES Functional Tests

Prior to CES field installations, the first production CES was sent to the DNV GL KEMA lab for
functional testing and independent test verification. The purpose of the test was to confirm all
operating modes for correct operation. This Includes: normal local operation, remote monitoring
and control, abnormal operation, and safety related fault conditions which were performed and
logged during performance testing. All alerts, warnings, and faults that occurred during
performance testing were logged in the test log and discussed with the manufacturer. The CES
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responded without issue to commands through the HMI
computer connected to the local Ethernet network port.
Two HMI applications ran concurrently to monitor and
control the CES. The local or browser based HMI
monitored CES status and created a log file, updating every
10 seconds. The CES parameter view and edit HMI was
used to control the power in and out of the system and to
monitor BMS data. Screenshots were taken for
documentation purposes during performance tests.

The following CES system performance tests were
performed using IEEE 1547.1and IEEE 519 as a reference.

e Basic operation test

e Round trip efficiency both AC and DC
e Frequency regulation signal response
e Peak shaving

e Islanding electrically

e Basic Impulse Level (BIL)

Figure 26: CES System Test Setup

Testing of the CES to the IEEE 1547 standard was performed later by Intertek Laboratory as
requested by S&C Electric and is reviewed in section 5.3.1. Having the CES conform to IEEE
1547 Standards makes it easier for electric utilities to install on the distribution system without

detailed review by the system protection group.

The details of the performance tests are in appendix D showing that all tests passed per original
specifications. Below is an example showing the AC efficiency of the CES system that is
discussed in section 2.4 in appendix D. There are two data sources, CES PCS and KEMA data

collection system.
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Figure 27: CES AC Round Trip Efficiency

KEMA data acquisition system (DAS) data for trial #9 was lost due to the data collection
computer locking up before the system could store the data file. Trial #9 CES data is included.
The average roundtrip AC efficiency over the 10 test is over 87% and if you exclude trial #1, the
average is 88.5%. The tabular data is shown in the table below.

Page 91 of 302
©Copyright 2015, DTE Energy All rights Reserved



Table 10: CES AC Round Trip Efficiency

5.5. CES Economic Analysis

DNV GL performed two detailed cost effectiveness analyses on the test circuit to evaluate if the
CES could be economically justified either as peak shaving deferral or as frequency regulation
service. The DTE Energy financial numbers were used in these analyses. The first two sections
below discuss each analysis with the full reports in the appendices. The analysis was performed
using both new and repurposed battery packs to determine if low cost or free batteries would be
an economic solution.

Theses analysis showed that on this particular circuit, the CES could not be economically
justified in either peak shaving mode or in frequency regulation services mode in the MISO
energy market. A sensitivity analysis of this circuit (using multiple value stream approach) was
conducted with EPRI using their EVST tool in effort to determine at what price the CES needed
to be at for them to be cost effective on this particular test circuit. The sensitivity analysis is
discussed in section 5.5.3.

5.5.1. CES Peak Shaving Evaluation

The objective of this use case is to explore the cost-effectiveness of using CES units towards
reducing the peak energy demand, or peak shaving with the purpose of deferring capital
investment necessary to upgrade a substation. For the purpose of this study, the Trinity circuit

was modelled because it features community energy storage (CES) fleet of 17 units aggregately
rated at 425 kW / 850 kWh.
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The primary benefits of reducing the peak demand are substation capacity upgrade deferral and
reducing peak demand charges. Reducing peak demand will also reduce stress on power delivery
assets, some of which may be critically loaded. In addition, the distributed CES units allow for
more efficient distribution of power and utilization of distributed generation, reducing losses
across the system and improving the network voltage profile. These benefits and the costs
associated with deploying the CES units were evaluated over a 10-year horizon, considering the
units are expected to have an operating life of 10 years. Four scenarios were analyzed as shown
in the table 11 below. For each scenario, three configurations were analyzed: No CES units, a
fleet of 17 new CES units and a fleet of 17 repurposed CES units.

Table 11: Peak Shaving Test Scenarios

This report contains the results from analyzing the circuit based on actual load level and
substation capacity, referred to as the “Default Case”. In order to demonstrate the impact of a
425 kW / 850 kWh CES fleet (17units) deployed on a circuit with similar loading patterns and
topology as Trinity along with the sensitivity of load growth to deferral opportunity, three
“illustrative Cases” were developed. With everything being the same as the default case, these
cases involved reducing the substation capacity by halfto a 7.5 MVA unit, and calibrating the
load to peak at 99% of that capacity. The same analysis as above was conducted for a load
growth of 0.3%, 0.6%, and 0.9%, which is where these three cases differ from each other.

The Trinity test circuit was selected at the beginning of the project because it was the only circuit
that had a 500 kW PV system that was required by the proposed project. The Trinity circuit is
not a good candidate for substation deferral opportunities because the substation capacity is more
than adequate to serve its load for years to come, particularly assuming a tame 0.6% load growth.
The illustrative cases assumed a substation loading of roughly 99%. With this assumption in
mind, these cases demonstrated the sensitivity of the deferral opportunity to load growth. None
of the scenarios exhibited a promising return on investment, as illustrated for the new battery, the
repurposed battery with free packs, and the repurposed battery with $3,000 pack.
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Table 12: Peak Shaving Results

This analysis demonstrates the sensitivity to circuit load growth and CES cost as can be seen
when repurposed batteries are used. In this case, the CES cannot be justified at current pricing
for peak shaving only. The complete peak shaving report is in appendix E.

5.5.2. CES Frequency Regulation Services Evaluation

The objective of this use case is to explore the cost-effectiveness of using CES units to perform
frequency regulation from the distribution system level. For the purpose of this study, the Trinity
circuit was modelled because it features a CES fleet of 17 units aggregately rated at 425 kW /
850 kWh. These units were deployed by DTE Energy as a pilot project.

This use case provides a financial assessment of employing the Trinity CES fleet to participate in
the Midwest Independent System Operator (MISO) and California Independent System Operator
(CAISO) frequency regulation markets. The MISO and CAISO markets rules governing storage
participation in the frequency regulation market were reviewed and the operating assumptions
employed in the assessment of the Trinity CES fleet are presented. The computed market
revenue of the fleet operating the conventional frequency regulation market will be provided
along with the impact to network operational performance based on this dispatch. These benefits
and the costs associated with deploying the CES units are evaluated over a 10-year horizon,
considering the units are expected to have an operating life of 10 years.

The financial results for all cases analyzed for the MISO market are presented in table 13.
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Table 13: Comparison of Benefit/Cost for Use Cases for MISO Market

There is again a large improvement in NPV when moving from the purchases a new units and
moving towards free packs. However, for the given storage cost assumptions, market prices are
too low to generate sufficient revenue to drive a positive NPV using the fleet for only market
services. Therefore, valuing additional primary benefit streams, such as peak shaving or
reliability, is required to produce a cost-effective case for the fleet. Frequency regulation services
can be sold during periods when the fleet is not needed for these other applications. The market
revenue can then be supplemental to those value streams, producing a cost-effective use case for
the fleet. Additionally, as MISO market rules evolve with additional storage penetration, new
regulation products may emerge for which storage is qualified. These new products may offer
additional revenue opportunities for the fleet.

The financial results for all cases analyzed for the CAISO market are presented in table 14.

Table 14: Comparison of Benefit/Cost for Use Cases for CAISO Market

There is again a large improvement in NPV when moving from the purchases a new units and
moving towards free packs. However, similar to the MISO cases, for the given storage cost
assumptions, market prices are too low to generate sufficient revenue to drive a positive NPV
using the fleet for only market services. In the CAISO market, additional revenue can gained by
using storage optimally in the regulation up and regulation down markets as well as spinning
reserve. Participating in regulation down allows the storage system to obtain payments to offset
charging cost or back off a day ahead energy commitment. This additional freedom allows
flexible resources such as storage additional revenue opportunities. As in the MISO, case the
revenue is not sufficient based on the costs for these early systems. Again, valuing additional
primary benefit streams, such as peak shaving or reliability, may produce a cost-effective case
for the fleet. The dual use application of both upgrade deferral and market services will be
considered in the second round (2016) of the CA Energy Storage procurement targets. It is
expected that business model demonstrated for these procurements will open doors in other
markets for such arrangements. The market revenue can then be supplemental to those value
streams, producing a cost-effective use case for the fleet. Additionally, as CAISO market rules
evolve with additional storage penetration, new regulation products may emerge for which
storage is qualified. These new products may offer additional revenue opportunities for the fleet.
The complete frequency regulation report is in appendix F.
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5.5.3. EPRI Distributed Energy Storage Sensitivity Analysis

In the last year of the project, DTE Energy collaborated with EPRI to perform sensitivity
analysis on the CES project to determine what the CES capital cost needed to be for benefit-to-
cost ratio to be break even or > 1. EPRI has developed an innovative method for quantifying the
value of grid energy storage that takes into account layered benefits of energy storage. The EPRI
Energy Storage Valuation Tool (ESVT) simulation software enables preliminary economic
analysis prior to more resource-intensive analytical efforts. Several input sensitivities were tested
for their impact on storage cost-effectiveness.

5.5.3.1. ESVT Analysis Scope and Assumptions

The objective of this analysis is to examine and perform sensitivity analysis around the
applications of CES or distributed energy storage at DTE Energy with the following conditions.

e Include regulation services, deferring capital (substation or distribution upgrade deferral)
and some arbitrage based on an MISO LMP price

e Determine the optimal mix of applications and associated target price of storage to
achieve benefit-to-cost ratio = 1

e The sensitivities should center on the following assumptions:
— Initial cost of battery (was $2000-2500/kW, now lower )

— Use a variety of costs and determine amount of benefits needed to achieve B/C =
1 (breakeven based on iterating deferral upgrade benefits)

— Range of deferral costs ($2M- 5M)
— Range of growth rates (1-2%)
— Include capacity market costs

e The CES storage systems will be modeled as a group, acting as a single 1 MW system
with agreed upon operating characteristics defined prior to modeling

e Input used 8760 system load data
e Input used forecasted capacity market number
e Frequency regulation uses 2014 MISO data
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e Arbitrage uses 8760 LMP price data from MISO
e The DTE Energy applications run in ESVT will be prioritized as follows:
—  Substation deferral
— Capacity market
— LMP based arbitrage
— Regulation service

5.5.3.2. Model Scenarios

Below are the different scenarios that were run with the ESVT. Note that scenario 3 and 4
targets are to achieve a benefit to cost of approximately one.

Table 15: Sensitivity Analysis - ESVT Scenarios to Evaluate Benefit/Cost

In these scenarios, the inputs are varied to determine sensitivities in these areas:
* Load growth rate on feeder
» Capital cost
* Deferral upgrade cost
e The two target B/C~1 scenarios are scenarios 3 and 4:
* Using $1000/kWh Capital and changing Upgrade Cost — holding growth at 1%

* Using a low end Upgrade Cost and changing Capital Cost — holding growth at 1%
and
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5.5.3.3. Characterization of the Modeled Feeder - Input Parameters

The two graphs below represent the 2014 load and LMP data used in the EVST analysis. The

Trinity circuit is a summer peaking circuit with a peak load of 9 MW and average load of 3.42
MW.

Figure 28: Trinity 2014 Load Histogram

Figure 29 is the 2014 detailed load curve in blue showing that the highest loading occurs in the
summer period with a peak of just under 9 MW and average load of 3.42. The LMP curve
overlays the load curve and it is interesting to note that the LMP price in 2014did not peak in the
summer but rather in the winter. This reflects that the 2014 winter was quite cold and the
summer was rather cool. Improvement in the sensitivity analysis can be achieved with
temperature correlation taken into account. In this evaluation, temperature was not considered.
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Figure 29: Trinity 2014 Load (in blue) and LMP Price Graph

The initial scenarios runs did not include the projected cost of capacity, but was included later.
Because it is expected that the capacity market will tighten with retirements of coal plants and
increase in renewable energy the forward looking system capacity market cost numbers for this
region was included in later runs that are in section 5.5.3.5.

5.5.3.4. Evaluation Result without System Capacity

The first two scenario results are provided below. These have fixed 1% growth rate, two
different capital costs and $5M distribution upgrade cost. In run 1 with the capital cost at

$1,000/kWh the benefit is greater than the cost while in run 2 where the capital cost is

$1,500/kWh the cost is greater than the benefits.
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Scenario 1 Results

51000/kWh - $55M deferral - 1% growth Cost Benefit
|Utility Rev. Reguirement (Variable) 49:10,235.01 5 -
|L.Itilit';|r Rev. Requirement (Fixed) S 2,387,745.67 |5 -
[Electricity sales g -|s a06,376.40
|Di5tributi0n Investment Deferral 5 - 15 2,213,116.31
|Frec:|uenqr Regulation 5 - 15 971,096.75
Total S 2,827,980.68 | S 3,591,089.46
DTE Energy Scenario 1
. $5.00
§ $4.50 ¥ Frequency Regulation
S $4.00
$3.50 B Distribution Investment
$3.00 Deferral
$2.50 I Electricity Sales
$2.00
$1.50 H Utility Rev. Requirement
$1.00 (Fixed)
$0.50 B Utility Rev. Requirement
S- (Variable)
Cost Benefit
Scenario 2 Results
5$1500/kWh - $5M defferal - 1% growth Cost Benefit
5
Utility Rev. Requirement (Variable) 440,235.01 5 -
Utility Rev. Requirement (Fixed) 5 3,549,609.01 |5 -
Electricity Sales 5 -5  406,876.40
Distribution Investment Deferral S -5 2,213,116.31
Frequency Regulation < -|% 971,096.75
Total $ 3,989,844.02 | S 3,591,089.46
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DTE Energy Scenario 2
p $5.00
2 B Frequency Regulation
S $4.00
M Distribution Investment
$3.00 Deferral
M Electricity Sales
$2.00
| Utility Rev. Requirement
| Utility Rev. Requirement
$- (Variable)
Cost Benefit

The next two scenarios, numbered 3 and 4, are attempting to identify where a benefit-to-cost
(B/C) of >1 can be realized. These scenarios have fixed 1% growth rate, two different capital
costs and distribution upgrade cost to identify how a B/C > 1 can be achieved. In scenario 3, the
capital cost is fixed at $1,000/kWh while varying the distribution upgrade cost. In scenario, 4
holding the upgrade cost to $2 M and varying the capital cost.

Scenario 3

$705/kWH - $3M deferral - 1% growth Cost Benefit

Utility Rev. Requirement (Variable) S 440,235.01 |S -
Utility Rev. Reguirement (Fixed) S 2,387,745.67 |S -
Electricity Sales 5 - |S 406,876.40

- |$ 1,460,656.77
- |$  971,096.75
2,827,980.68 |$ 2,838,629.91

Distribution Investment Deferral

Frequency Regulation
Total

L (L
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DTE Energy Scenario 3 — Breakeven
Target
. $5.00
[ =
é M Frequency Regulation
S S4.00
M Distribution Investment
$3.00 Deferral
i Electricity Sales
$2.00
m Utility Rev. Requirement
$1.00 (Fixed)
m Utility Rev. Requirement
(Variable)
$-
Cost Benefit
Scenario 4
$750/kWh - $2M defferal - 1% growth Cost Benefit

Utility Rev. Requirement (Variable) S 440,235.01 |5 -
Utility Rev. Reguirement (Fixed) S 1,702,246.30 |5 -
Electricity Sales S - |S 406,876.40
Distribution Investment Deferral S - |S 885,246.52
Frequency Regulation S - |S 971,096.75
Total $ 2142,481.31 |$ 2,263,219.67
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$5.00

DTE Energy Scenario 4 — Breakeven Target

$4.50
$4.00

Millions

M Frequency Regulation

$3.50
$3.00

$2.50
$2.00
$1.50
$1.00
$0.50
s-

Cost Benefit

M Distribution Investment
Deferral

Electricity Sales

| Utility Rev. Requirement
(Fixed)

| Utility Rev. Requirement
(Variable)

In scenario 5, the load growth rate is increased to 2% from 1% in the other scenarios to see what
a more aggressive load growth may have on the economic analysis. The B/C is worse than in

scenario 2 because the benefits are less.

Scenario 5

$1500/kWh - S5M defferal - 2% growth Cost Benefit

Utility Rev. Requirement (Variable) S 443,045.47 |S -
Utility Rev. Requirement (Fixed) S 3,549,609.01 |S -

Electricity Sales

S -

S 409,520.23

Distribution Investment Deferral

$ 1,235,237.30

Frequency Regulation

S 974,215.88

Total

Lo | |0

3,992,654.49

$ 2,618,973.41
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DTE Energy Scenario 5
. $5.00
=
i)
= $4.00 B Frequency Regulation
M Distribution Investment
$3.00 Deferral
I Electricity Sales
$2.00
| Utility Rev. Requirement
(Fixed)
$1.00 | Utility Rev. Requirement
(Variable)
$-
Cost Benefit

5.5.3.5. Evaluation Result with System Capacity

In this section analysis, the value of system capacity was added to the ESVT calculations in
addition to a slight refinement in the DTE Energy financial numbers. The three graphs below
show scenario 1 calculations. The first graph is a repeat of scenario 1in the previous section
above, followed by a run using updated financial number and then the third graph with the cost
of capacity added. In reviewing the three graphs, the updated financial graphs show a slight
increase in cost and a slight decrease in benefits. There is not much change between those two
analyses, but the main driver in the change was a lower discount rate in the financial analysis.

In the third graph below with the cost of capacity added to the financial calculations, you can see
a slight increase in benefits shown in the narrow blue band with a value of $0.08M. This is a
little surprising to me as I expected to see greater benefits with cost of capacity added.
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Millions

$5.00

o
»
o
S

$3.00

$2.00

$1.00

$0.00

DTE Energy Scenario 1

Cost

Benefit

M Frequency Regulation

M Distribution Investment
Deferral

M Electricity Sales

m Utility Rev. Requirement
(Fixed)

m Utility Rev. Requirement
(Variable)

Scenario 1: $1000/kWh; 1% growth; $5M Distribution Deferral

Millions

$5.00

$4.00

$3.00

$2.00

$1.00

DTE Energy Scenario 1 Refined

Cost

Benefit

M Frequency Regulation

B Distribution Investment
Deferral

I Electricity Sales

| Utility Rev. Requirement
(Fixed)

m Utility Rev. Requirement
(Variable)

Scenario 1: $1000/kWh; 1% growth; $5M Distribution Deferral
With Update Financial Numbers
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DTE Energy Scenario 1 with Capacity
, $5.00
=
K]
E M Frequency Regulation
$4.00
W System Electric Supply
Capacity
33.00 B Distribution Investment
Deferral
$2.00 M Electricity Sales
m Utility Rev. Requirement
$1.00 (Fixed)
m Utility Rev. Requirement
(Variable)
$-
Cost Benefit

Scenario 1: $1000/kWh; 1% growth; $5M Distribution Deferral
With Updated Financial and System Capacity Cost

In summary, table 16 below shows the benefit to cost ratio for the scenarios defined in table 15.
For a $1,000/kWh battery cost the break even deferral cost is $3.3 M (Run 3) compared to a B/C
= 1.3 when the capital upgrade cost is $5.5 M. For a $2 M capital deferral the break-even battery
cost is $705/kWh. It should also be noted that higher growth rate diminishes deferral benefits as
can be seen in Run 2 and 5. This table shows how the effect of battery capital cost and
distribution upgrade cost is clearly a dominant driver for the batteries economics in the
distribution grid.

Table 16: Sensitivity Analysis - ESVT Scenarios Results
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5.6. Next Energy Grid Storage Market Evaluation

The Next Energy Grid Storage Market Evaluation report reviews the energy storage “Value
Chain” and applications for storage in the electric grid and how it relates to MISO specific
analysis.

Throughout the report, several issues and barriers to implementing energy storage were
highlighted including the low cost of natural gas, relatively high cost of battery storage,
distributed nature of the benefits of storage on the grid and lack of clear benefit value for many
of the storage benefits. Some recommendations for action and further concept development are
listed below.

e Since it 1s difficult to get actual data demonstrating the value of energy storage at the
community level, this Community Energy Storage demonstration project is critical in that
it will supply some of that needed data.

e [t would be valuable for the regulating bodies in the states to evaluate the requirements
for generation reserve, the capability of storage to meet the requirements for reserve and
to coordinate a consistent policy across the states in these areas.

e FERC is actively encouraging all of the ISOs to implement Energy Storage products and
to appropriately value response time. This should help in the valuation of potential energy
storage projects.

e The Behind the Meter Generation concept should be pursued at least as a concept.
Allowing aggregation of assets in this area may allow electric vehicles to be aggregated
and participate in this part of the market, but the four-hour requirement will make this
difficult.

e  Work with regulation bodies to evaluate the reduction of generation reserve requirements
and/or allow some mechanism for energy storage to qualify for these requirements.

e Investigate the possibility of allowing energy storage assets to be charged and dis-
charged in response to the hourly look-ahead price without the need for bidding as a load
/ generation device. The assumption here would be that the level of power associated
with this activity would be below that which would change the price of power on the
system.

e Investigate potential financing models for capitalizing energy storage assets on the grid,
potentially similar to performance based energy efficiency contracts such are offered by
Energy Service Companies (ESCOs).

e Pursue improved inverter functionality including durability, thermal management and
efficiency to improve system performance and round-trip-efficiency of energy storage
systems.

The full report is in Appendix B.
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5.7. CES Application in Military Forward Operating Bases and CONUS

This report describes how advanced technologies, including energy storage and alternative
energy generation as deployed in a Forward Operating Base (FOB), can improve base
functionality and at the same time, conserve fuel. Application of these technologies to a
Continental United States (CONUS) base is also feasible, and would demonstrate similar
advantages. An analytical model is developed which integrates load profile data for several
specific functions in the FOB environment, conventional generation assets, and “advanced
technologies” including alternative generation and storage assets. Comparison of fuel usage is
calculated for the initial base case, and for various implementations of storage and alternative
generation assets which defines a “sensitivity analysis™ for each of these parameters. Net Present
Savings (NPS) is calculated for various implementations of “new technology” assets. For a very
conservative set of assumptions, a NPS of $230,698 is demonstrated for implementing energy
storage during a single six-month deployment in the FOB environment. The complete report is
in appendix C.

5.8. Aged Battery Analysis

The main purpose of the test was to evaluate the performance of the aged battery against the
results from the test of new battery. Since the battery pack is the same model Kokam battery as
in the test in 2012, this test plan is tailored to focus on the key items that can be compared.

In 2012, there were 10 cycles of round trip efficiency test performed with both AC and DC side
efficiency calculated. This test plan design is to repeat the exact procedure.

During the continuous cycling and peak shaving profile test, no issues or faults occurred. The
battery nameplate states a 53 kWh rated capacity and testing showed that it was able to provide
this capacity with over 95% DC and 87% AC efficiency. As for the peak shaving test, the battery
also successfully maintained the discharge power for the intended duration without reaching 0%
state of charge. Overall, there were no observed sign of aging or degradation. The full report is
in appendix G.

6. Conclusions and Lessons Learned

Page 108 of 302
©Copyright 2015, DTE Energy All rights Reserved



This section is a high-level summary of the five-year CES project that successfully brought to
market and demonstrated a 25 kW/50 kWh distributed energy system in a utility application.
Some of the major challenges associated with this project included the maturity of the
technology and the early stage technology companies assembled. First, because the battery
industry is still relatively new, there are companies that are going through growing pains and
failures as the market matures which is reflected in the change of suppliers in this project.
Secondly, bringing an integrated energy storage system composed of battery cells and BMS that
interfaces to a smart inverter system that can operate autonomously and communicate to a utility
operation center for additional functionality is a complex task.

Even though all components were developed, the integrated system needed to be created, tested,
and deployed in an electric utility grid and operate in all harsh environmental conditions ranging
from severe winters to hot steamy wet lightning induced summers. This successful
demonstration project created a complex CES system and demonstrated its installation and
application at DTE Energy. One of the outcomes in this project is a robust marketable CES
product that other electric utilities are able to deploy.

6.1. Cost Benefit Analysis

To achieve a benefit to cost ratio of greater than one when deploying distributed energy storage
or CES is dependent on the energy storage location and its application. For a distribution utility,
the application of distributed energy storage will be driven by improvements in reliability and
deferral of distribution investment. To help justify the application of storage, having a market
mechanism in place to gain additional economic value helps justify the energy storage
investment

The cost benefit analysis showed that on this particular circuit, the CES could not be
economically justified in either peak shaving mode or in frequency regulation services mode in
the MISO energy market. This is due to the low growth rate and low cost of distribution upgrade
of $100/kW in this scenario. A sensitivity analysis of this circuit (using multiple value stream
approach) was conducted with EPRI using their Energy Storage Valuation Tool (ESVT) tool in
effort to determine at what capital cost the CES needed to be at for them to be cost effective on
this particular test circuit with range of distribution upgrade cost.

The EVST sensitivity analysis, taking into account layered benefits, determined what the CES
capital cost needed to be for benefit-to-cost ratio to be break even or > 1. The table below is a
summary of the ESVT run showing that in scenario 3 and 4 the benefit-to-cost ratio is > 1.0.
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Table 17: Summary of Sensitivity Analysis using EPRI’s ESVT Tool

The ESVT is the type simulation software that enables preliminary economic analysis to be
performed by electric utility engineers as they evaluate solution to a problem they are trying to
solve. One additional value that was not considered in this project is the value of reliability to
customer. If electric utilities can put a value on reliability, it will increase the value of
distributed energy storage because it is located close to its customers. The value of reliability
can be included in tools like the ESVT

An interesting observation from the cost analysis is that the projected MISO cost of capacity did
not add much to the benefit side of the analysis. This was evident in section 5.5.3.5 with the cost
of capacity added to the financial calculations with only about 1% increase in benefits.

A tool like the EPRI energy storage evaluation tool (ESVT) is useful to perform analysis to
determine how the layered benefits stack up on the benefits side of the equation. This invaluable
tool allows the planning engineers to determine the economic value of using energy storage in
the grid using individual companies’ financial numbers.

6.2. Lessons Learned

This project successfully demonstrated an early stage CES system and cleaned up most of the
early stage failures that normally accompany new products. Even though the CESs successfully
passed factory acceptance test and fixed all know issues (software and hardware), once the
system was deployed in the field, many additional issues surfaced that needed to be addressed
and fixed. The CES that can now be acquired by utilities have become a more reliable product
because of this project.

The refurbished batteries, due to lower cell cost, can be an economic solution but due to the
number of cell failures in the battery modules, the reliability of the system is in question. A
more complex repurposed battery system would need to be developed that could isolate
individual battery modules, but at an increased cost. This project did not perform analysis on the
bad battery cells, but the failures can be attributed to any number of causes. For example, the
failures could be due to the EV packs being early prototype system or the harsh driving
environment the EVs were subjected to when the prototype vehicles were being tested. It is
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interesting to note that FCA, DNV GL and eCamion tested all six EV packs prior to them being
repurposed without any signs of unexpected capacity degradation or failures.

Below is a bullet list of some of the key lessons learned during this demonstration project:

e Circuit modeling tools for siting evaluation is important

e Layered benefits are required to justify energy storage projects

e An energy storage evaluation software is an important tool for performing cost analysis
that can include multiple value streams

e Engaging all groups early within the utility, especially engineering and field resources is
important

e Having a product that meets applicable IEEE standards is important

e Integrating distributed energy storage into DTE Energy was accomplished in a manner
similar to any new technology being introduced

e [t’s important to have a DERMS to effectively manage distributed assets

e [t’s important to have a DERMS to optimally dispatch CESs to gain the greatest
economic value for distributed energy storage

e A dispatch algorithm integrated into DERMS is required to gain greatest economic value
for energy storage

e Autonomous dispatching using a DERMS and preferably a circuit model is required for
day-to-day operation

e Repurposed EV batteries may not be an economic solution due to higher cell failure rate.
This needs further studies

6.3. Conclusion and Future Plans

Energy storage will have a role to play in the distribution grid of the future. The cost benefit
analysis shows that in the right situation, energy storage is a tool that can be justified on
economics depending on where its application is. This is evident in the sensitivity analysis where
a battery capital cost of $705/kWh can justify a distributed energy project. Because this
demonstration project was using early development battery system cost over $2,000/kWh the
economics could not be justified, but with decreasing cost, I expect that by 2020 distributed
energy storage will be an economical solution in certain projects.

DTE Energy will continue to use the CESs in the grid to gain additional operating data,
especially with regards to reliability.

Because of the high failure rate of the refurbished batteries, they will be decommissioned. There
has been interest by Michigan Universities in receiving the refurbished batteries for their energy
storage laboratories to be used by engineering students.
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If repurposed EV batteries are to be considered in grid applications, additional research and
demonstration projects need to be conducted to determine their reliability and system cost.
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AC
AGC

AMI
APN
B/C

BESS
BMS

Cal ISO
CAN bus
CB

CES
DAS

DC
DERMS
DESS

DEW
DoD

DOE

DR-SOC Hub

DTE

EDD
EEM Suite

EPRI
ESVT
ICCP
Li-ion
LMP
MCCC
MISO
NPV
OE
PCS
PV
R.T.
S&C
SOC or SoC
TLA
UDP

Appendix A: Glossary of Abbreviations

Alternate Current
Automatic Generator Control used in regulation services

Advanced Metering Infrastructure
Access Point Network
Benefit to Cost ratio

Battery Energy Storage System
Battery Management System

California Independent System Operator

Controller area network — message bused used in vehicles
Circuit Breaker

Community Energy Storage

Data Acquisition System

Direct Current

Distributed Energy Resource Management System
Distributed Energy Storage System

Distributed Engineering Workstation
Department of Defense

Department of Energy
Software to monitor and dispatch the fleet of CES units
DTE Energy Company

Electric Distribution Design

The suite of software currently used by DR-SOC to monitor and
control distributed generation assets
Electric Power Research Institute

Energy Storage Evaluation Tool

Inter Control Center Protocol

Lithium ion

Locational Marginal Pricing

Monroe County Community College
Midcontinent Independent System Operator
Net Present Value

Office of Electricity

Power Conditioning System

Photovoltaic

Real Time

S&C Electric Company

State of Charge

Transformer Load Analysis

User Datagram Protocol

Page 113 of 302
©Copyright 2015, DTE Energy All rights Reserved



Appendix B: Grid Storage Market Evaluation Report
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Appendix C: CES Application in Military Forward Operating Bases
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Appendix D: Community Energy Storage Functional Test Report
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Appendix E: CES Peak Shaving Evaluation
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Appendix F: CES Frequency Regulation Evaluation
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Appendix G: CES Aged Battery Test Report
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