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L. Introduction
Q. Please state your name.
A. My name is John Hinckley.
Q. Please state your occupation, current place of employment, and business

address.

A. I'am a Senior Managing Consultant with ALL4 LLC (ALL4), a nationally
recognized environmental consulting firm with expertise in air quality and other
environmental media. My business address is 2393 Kimberton Road, Kimberton, PA
19442, but I usually work remotely in Vermont.

Q. Please describe your educational background and relevant work experiences.
A. [ earned a B.S. in Natural Resources from the University of Vermont in 1994 and
an M.S. in Environmental Science & Engineering from the University of Virginia in
1998. I am certified as a Qualified Environmental Professional (“Q.E.P.”) in the area of
air pollution control by the Institute for Professional Environmental Practice (“IPEP”). 1
also have specialized training from the U.S. EPA Air Pollution Training Institute and in
air quality modeling. I have over 22 years of experience in air emissions permitting, air
dispersion modeling, accidental emissions release modeling, air toxics evaluations, air
emissions reporting (including greenhouse gas reporting), and air pollution control
technology assessments. My curriculum vitae is attached to my testimony as Exhibit 1.
Q. Have your previously testified in any formal hearing before regulatory

bodies?
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A. I have testified in in two New York State Department of Environmental
Conservation (“NYSDEC”) adjudicatory hearings, two Massachusetts Department of
Environmental Protection (“MassDEP”) adjudicatory hearings, two Vermont

Environmental Court proceedings, and in at least five Vermont Act 250 District

Commission hearings.

11. Purpose of Testimony

Q. Are you aware of Cranberry Point Energy Storage LLC’s (“Cranberry
Point”), pending petition before the Energy Facilities Siting Board (“Siting Board”)
to construct a battery energy storage system (“BESS”) facility in the Town of
Carver Massachusetts (the “Project” or “Facility”), docket EFSB21-02?
A. Yes.
Q. What is the purpose of your testimony?
A. I am providing this testimony to the Siting Board to present my analysis and
expert opinions concerning ambient (i.e., outdoor) air pollution produced by potential
emergency thermal runaway events (i.e., fires) at the Facility.
Q. How is your testimony organized?
A. My testimony is provided in Section III below with supporting information in the
attached exhibits. Section III testimony is organized into the following sections:

1. Summary of recent thermal runaway events at other facilities.

2. Comments on documents submitted to the Siting Board.
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3. Review of literature sources addressing emissions from lithium-ion battery
fires.
4. Description of potential air pollutant emissions from thermal runaway events.
5. Summary of local meteorological data and prevailing wind patterns.
Q. Are you presenting any exhibits in addition to your testimony and the

curriculum vitae you previously identified?

A. My list of exhibits and curriculum vitae are as follows:
1. Curriculum Vitae
2. EFSB Petition and Analysis (EFSB Exhibit 2)
3. Draft Emergency Response Plan (EFSB Exhibit 16)
4. Table 1: Thermal Runaway Event Summary
5. Table 2: Emissions Summary Table
6. Thermal Runaway Event Emissions Literature Sources
7. Figure 1 — Stand Alone Wind Rose
8. Figure 2 — Wind Rose Superimposed on Study Area
9. Figure 3 — Proximity to Plymouth Municipal Airport

III. Analysis of Potential Air Emissions and Dispersion Due

to a Thermal Runaway Event at the Proposed Facility

A.

Scope of Analysis

What were you and ALL4 asked to do?

ALL4 was asked by Save the Pine Barrens (“STPB”) to evaluate potential air

quality impacts (Evaluation) resulting from air pollutants (or “air emissions”) that may be
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released during a thermal runaway event at the proposed Facility, specifically a 150

megawatt (MW)/300 megawatt-hour (MWh) standalone BESS to be located in the Town

of Carver, MA.
Q. What did you consider to be a thermal runaway event?
A. For the purposes of this testimony, a thermal runaway event was assumed to be an

unintended (i.e., emergency) event where lithium-ion batteries overheat and ignite,

thereby releasing various air pollutants (to be described later in this testimony) at levels

that can potentially be injurious to human health.

Q. What did your Evaluation include?

A. As part of the Evaluation, ALL4 conducted five analyses:

1.

Summary of Thermal Runaway Events at Other Facilities. Developed a
summary table of recent thermal runaway events including, but not limited to,
the, facility location, facility size, dates when the event occurred, approximate
duration of thermal runaway event, and Internet sources.

Review of documents submitted to the EFSB. Reviewed and commented on
certain documents uploaded to the EFSB docket.

Review of Thermal Runaway Event Literature. Compiled and reviewed
literature describing the air pollutants that are potentially released during
lithium-ion battery combustion.

Thermal Runaway Event Air Emissions. Using information developed from
the literature review, ALL4 developed a list of air pollutants that could be

released during a thermal runaway event and that are regulated by MassDEP
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and/or by the U.S. Environmental Protection Agency (U.S. EPA) as hazardous
air pollutants (HAP) and criteria pollutants for other types of air pollution
sources (e.g., manufacturing plants, power plants). Refer to Table 2 (Exhibit
5) for a summary of these air pollutants.

5. Meteorological Data Analysis. Evaluated prevailing wind patterns. ALL4
compiled meteorological data from the Plymouth Municipal Airport from the
last five complete calendar years (2017 to 2021) to characterize prevailing
wind patterns (i.e, wind speed and wind direction) at the Facility.

Q. Could you explain in more detail why you performed these five tasks?

A. As I will explain in my testimony, I found little to no data or analysis in the
documents submitted by Cranberry Point to the EFSB about the potential air pollutants
that could be released at the Facility in the event of a thermal runaway event. I therefore
had to develop an understanding of that potential risk, in the absence of data and analysis
from Cranberry Point.

I began by simply doing some recent historical research to see if other thermal
runaway events had occurred at facilities like this one to develop an understanding of
some of the characteristics of those events. As I will testify, I identified several recent
events, which varied in their characteristics.

Having established that thermal runaway events have occurred in the recent past, |
then analyzed certain of Cranberry Point’s submissions into the EFSB docket, to
determine the data and analyses that Cranberry Point has presented to the EFSB

concerning a potential thermal runaway event. As I will testify, while I identified some
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general statements acknowledging that a thermal runaway event could cause the release
of air pollutants, I did not see an extended discussion, analysis, or supporting data to
sufficiently understand the characteristics including the spatial extent of such an event.

Because of that lack of data and analysis, my next step was to review the available
literature to identify the air pollutants that could potentially be emitted if a thermal
runaway event were to occur at the Facility. I was most interested in and am limiting my
testimony to those pollutants that have been shown to cause adverse health effects by
being listed as either criteria pollutants, HAPs, or air toxics under either or both U.S.
EPA or MassDEP regulations.

Following that, I used the results of my literature review to create a list of the
potential air pollutants that could be released if a thermal runaway event were to occur at
the Facility. Refer to Table 2 (Exhibit 5) for the list of air pollutants.

Finally, I compiled meteorological data from the nearest suitable location to the
proposed site of the Facility. In this case, that was the Plymouth Municipal Airport. I
compiled that data to develop an understanding of how the air pollutants I identified for
my air pollutants list could potentially disperse if a thermal runaway event were to occur.
Q. Why did you choose to do these five tasks?

A. As described in more detail below, Cranberry Point’s submission to the EFSB
acknowledges that a thermal runaway event could release air pollutants but does little to
explain or quantify the potential air quality risks to surrounding areas during thermal
runaway events. This highlights an unknown risk factor that the EFSB should consider

when evaluating Cranberry Point’s petition. Therefore, the five tasks I described above
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were undertaken to help understand and explain the nature of this potential risk and the

reasons why the EFSB should closely evaluate the data provided by Cranberry Point and

consider whether it is sufficient for the EFSB’s decision-making.

B. Review of Thermal Runaway Events at Other Facilities

Q. What thermal runaway information did ALL4 compile?
A. ALL4 compiled information concerning the characteristics of thermal runaway
events that have occurred at four similar facilities within the past three years. Please note

that this list is not intended to be exhaustive and additional thermal runaway events may

have occurred within this timeframe, which ALL4 did not identify. Details concerning

that research are set forth below; please refer to Table 1 (Exhibit 4) with documentation

for the sources of that information.

Facility Location Fac.lllty Date Duration
Size
AES Corporation Chandler, Arizona 10 MW April, 2022 13 days
Neoen Victoria, Australia 300 MW July, 2021 Approximately 3 days
April 19,2019 | No specifics
APS-Energy Storage Surprise, Arizona > MW identified, appears to
Systems have been contained
in less than one day.
February 13,
Vista Energy Storage | Moss Landing, 2022 and Ap pears to have been
o o 300 MW contained in less than
Facility California September 4,
2002 one day.
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C. Review of EFSB Docket Documents

Q. What did you learn from the documents you reviewed in the EFSB docket?
A. My review focused on the EFSB Petition and Analysis (Exhibit 2) and the Draft
Emergency Response Plan (Exhibit 3). Both documents address air pollutant emissions
from the Facility. My comments regarding Exhibit 2 and Exhibit 3 are provided below.

Exhibit 2. Section 4.1 addresses air pollutant emissions and states the “Project
will contribute near zero emissions. In fact, the Project may displace conventional
generation facilities and thereby reduce emission of carbon, particulates, and other
pollutants.” While this statement may be accurate for normal operating conditions, the
document does not include, or reference corresponding information quantifying expected
air pollutant emissions that could potentially be released during a thermal runaway event,
which is not a normal operating condition.

Exhibit 3. The top of page 11 discusses the potential quantities and types of air
pollutants that may be released during a thermal runaway event. Page 11 states that:
“There are five major risks posed by lithium-ion battery failures. They are electric shock,
arc flash, fire, explosion, and the by-product from off-gassing. During failure, a lithium-
ion battery may emit tens to hundreds of liters of off gas, and larger failures may emit
thousands of liters of gas.” Page 11 also states “Lithium-ion batteries release flammable
and toxic chemicals when subjected to electrical or physical damage, including fire.
Chemicals release can also pose an inhalation hazard.”

The types of air emissions are partially identified in the middle of page 11 as

hydrogen, carbon, monoxide, carbon dioxide, methane, ethane, and other flammable
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hydrocarbons. I say “partially” because the document does not say that it includes all
possible emissions that could be released. Further, Exhibit 3 provides the “typical
composition” that an off-gassing event “may” include.

Page 12, bullet (6), second sub-bullet describes the location of the closest
neighbor and provides a setback (i.e., safety) distance of 650. “...the closest proposed
battery enclosures are approximately 650" away, and are sufficiently distant such that
smoke or off-gas from the battery container are not expected to pose a risk.” (emphasis
added) I was unable to identify information supporting the basis for the safety distance of
650 feet. Thus, while the document states that these neighbors are “sufficiently distant,” it
does not provide the information that was that was used to determine that 650 feet is an
adequate distance for the neighbors during a thermal runaway event.

Page 12, bullet (7) states that “Full firefighter protective gear shall be worn in
any response to a fire and/or explosion event or any indication a fire may be present.

This shall include proper use of Self-Contained Breathing Apparatus (SCBA).” While
SCBA gear may be worn for protection from many other types of fires (e.g., burning
buildings), the requirement to wear SCBA gear suggests that the level of air pollutant
emissions that could be released during a thermal runaway event poses a potential
inhalation risk..

The last paragraph of page 15 to first paragraph of page 16 states “Following
partial or complete consumption of the system by fire, batteries may continue to emit low
levels of flammable gases and dangerous levels of toxic gases for an extended period of

time. Continuous monitoring of gas levels in and around the incident location is
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recommended to be conducted and use of mechanical ventilation may be utilized to
manage gas levels. Full firefighter PPE and SCBA shall be utilized until gas levels are
confirmed to be at a safe level.” This quote underscores the possibility that air pollutant
emissions may not be released over a short period of time and that their levels should be
monitored in ambient air following an event. I was unable to identify any documents that

describe monitoring equipment or protocols to be followed if such an event were to

occur.

D. Air Pollutant Literature Review

Q. What literature did you review concerning potential air pollutants that may
result from a thermal runaway event?

A. There are many studies that have been performed to identify the types and
quantities of air pollutants released by lithium-ion batteries, which can be extrapolated to
thermal runaway events at battery storage facilities. Studies have been published by a
range of sources such as the U.S. Naval Research Laboratory (“U.S. NRL”), U.S.
Department of Energy (“U.S. DOE”), Tsinghua University (Bejing, China), and the
Energy and Environmental Science Journal (Royal Society of Chemistry). I have
included 13 documents that address potential thermal runaway emissions that are

collectively called Exhibit 6.

E. Potential Thermal Runaway Event Emissions Information

Q. What did you use this literature to determine?
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A. As previously mentioned, I found it notable that Cranberry Point did describe
emissions related to a thermal runaway event in the EFSB docketed documents that I
reviewed. Therefore, I used my literature review to create a list of potential air pollutants
that could be released if such an event were to occur. Given this is based on a literature
review and that certain Facility documents such as Safety Data Sheets (SDS) were not
available at the time of my review, I cannot say with certainty either that all these
pollutants would be released or that other pollutants that I have not identified would not
be released. I believe that this list is nonetheless useful to highlight the importance of
having such a list and why the absence of one in Cranberry Point’s documents is both

notable and of relevant to the EFSB’s decision-making process. These documents were

used to develop the emissions information described below and summarized in Table 2

(Exhibit 4).
Q. Please describe the air pollutants list you created.
A. The air pollutants that could be released during a thermal runaway event are

particulate or gaseous in nature. The air pollutant list developed by ALL4 is limited to air
pollutants that are regulated by the U.S. EPA and MassDEP for other facilities that are
subject to Federal and Commonwealth of Massachusetts air pollution control regulations
respectively. While U.S. EPA and MassDEP do not necessarily regulate thermal runaway
emissions from battery storage facilities, these air pollutants are regulated from other
types of facilities (e.g., fossil power plants, manufacturing plants, and

colleges/universities) and are regulated because they can adversely affect human health.
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The emissions information includes criteria pollutants' and HAP? that are
regulated by both U.S. EPA and MassDEP and air toxics® that are regulated only by
MassDEP. Refer to Table 3 (Exhibit 5) for the list of air pollutants and their respective
pollutant category and the primary reference used for that pollutant.
While I am not myself an expert in the potential adverse health effects of these
pollutants, the U.S. EPA and other regulatory agencies provide such information. The
U.S. EPA’s Health Effects Notebook for Hazardous Air Pollutants can be accessed

through this link: https://www.epa.gov/haps/health-effects-notebook-hazardous-air-

pollutants.

F.  Meteorological Data Review

Q. Please describe the meteorological data that you developed.

A. ALLA4 developed meteorological data in a format suitable for air dispersion
modeling (i.e., air quality modeling), which is required by MassDEP in some
circumstances for certain emissions sources.

Q. Why did you develop that data?

A. It is my understanding that air quality modeling has not been performed, nor has

any regulatory agency such as MassDEP required it to be performed. But even in the

! Available at: https://www.epa.gov/criteria-air-pollutants/naaqs-table

2 Available at: https://www.epa.gov/haps/initial-list-hazardous-air-pollutants-
modifications

3 https://www.mass.gov/service-details/massdep-ambient-air-toxics-guidelines
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absence of such a requirement, understanding the prevailing wind patterns by evaluating
meteorological data helps to show where air pollutants would potentially travel if a
thermal runaway event were to occur. This meteorological data in tandem with the air
pollutants list helps to illustrate that if a thermal runaway event were to occur at the
Facility, air pollutants could travel in all directions away from the Facility.
Q. Where did you get these data?
A. ALLA4 processed meteorological data from the closest weather recording station
that can be considered representative of the weather conditions at the Facility. Therefore,
ALLA4 developed surface hourly weather data (“Surface Data”) from the Plymouth
Municipal Airport surface observation station, located approximately 3.1 miles from the
Facility. Refer to Exhibit 8 for a map showing the proximity of the Plymouth Municipal
Airport to the Facility. As customary for air dispersion modeling, ALL4 processed upper
air data from the Gray, Maine upper air station (“Upper Air Data”).
Q. Please describe the quality of these data.
A. Data was available for at least 90% of the five-year period; therefore, 43,848
hours of data were developed. This level of data availability is suitable for determining
prevailing wind speeds and directions.
Q. What did you do with these data?
A. ALLA4 used the Surface Data to develop a Wind Rose. A Wind Rose is a graphical
representation of wind speed and direction. As shown in Exhibit 7 and Exhibit 8 wind
speed and direction are illustrated with pie wedges. The direction the wind is blowing

towards is indicated by the narrow end of the wedge.
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Q. What did those Wind Roses show?
A. As shown in both figures, wind blows from all directions; however, there are

three prevailing wind directions: from the southwest to the northeast, from the northeast
to the southwest, and from the west-northwest towards the east-southeast. According to
Exhibit 8, wind speeds range from approximately one mile per hour (mph) to greater than
25 mph. The approximate time when there is no observable wind speed (i.e., calms) is
1.38% of the time; therefore, there are measurable winds approximately 98.6% of the
time.

Exhibit 8 shows the wind rose superimposed on an aerial image of the Facility
location and the surrounding area. The surrounding area includes residential areas,
cranberry bogs, and the Carver Elementary School. Given that measurable winds occur
most of the time and given the diversity of wind directions; it is likely that some
emissions generated by a thermal runaway event would be transported outside of the

Facility’s property boundary.

IV. Professional Opinions

Q. What, if any, professional opinions have you formed about the Facility?
A. Based on my analysis, | have several opinions regarding potential thermal
runaway events at the Facility.

First, Cranberry Point has acknowledged that air pollutants would be released if a
thermal runaway event were to occur at the Facility. However, Cranberry Point has not

provided sufficient information (e.g., data, analysis of data) to thoroughly understand the
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extent of inhalation risk in the areas surrounding the Facility. In particular, I could not
determine from Cranberry Point’s submissions all the specific pollutants that may be
released, the emissions rates for those pollutants, and the extent to which those pollutants
could travel offsite and into surrounding areas that include residential populations,
cranberry bogs, and at least one school during a thermal runaway event.

Second, any significant thermal runaway event will likely result in the release of
air pollutants that have been classified by U.S. EPA and/or MassDEP as impactful to
human health. Therefore, given the meteorological data that was evaluated, a thermal
runaway event would bring with it the potential that emissions that are known to impact
human health may travel offsite.

Third, there is reason to be concerned with the lack of data and analysis provided
by Cranberry point about air pollutants released during a potential thermal runaway
event. Based both on recent historical events and Cranberry Point’s own submissions
that: (1) the risk of a thermal runaway event is not zero; (2) a thermal runaway event
brings with it the risk of a fire and the release of air pollutants; (3) such an event could
release air pollutants at levels that workers and emergency responders at the Facility
would need to wear SCBA equipment, and (4) the safety distance of 650 feet could not be
verified. I believe the Siting Board should be aware of and should consider this lack of

information during its decision-making process in this proceeding.

V. Conclusion

Q. Does this conclude your direct testimony?
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1 A Yes, but I reserve the right to supplement this testimony if any additional

2 information becomes available due to later-filed discovery responses or other materials.
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Affidavit of John Hinckley

I, John Hinckley, affirm under the pains and penalties of perjury that:

1. Tam testifying in the Energy Facilities Siting Board’s proceeding docketed as number
EFSB21-02;

2. This prefiled testimony was prepared by me or at my direction, under my supervision and
control; and

3. The information contained in this prefiled testimony is true and accurate to the best of my
knowledge and belief at the time I signed this affidavit.

L Sl

John Hinckley (@




Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 20
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CREDENTIALS s+ M.S., Environmental Science & Engineering, University of Virginia,
1998
¢« B. S., Natural Resources, University of Vermont, 1994
¢+ U.S. EPA Air Pollution Training Institute, North Carolina State
University (2002-2003)
¢ AERMOD Training (2018)
¢+ Member, Institute for Professional Environmental Practice (IPEP)
¢+ Member, Air and Waste Management Association (AWMA)
+ Qualified Environmental Professional (2003 - present)
PROFESSIONAL + May 2020-Present: ALL4, Kimberton, PA — Senior Project
EXPERIENCE Manager

¢+ March 2018-March 2020: Geolnsight, Inc., Manchester, NH —
Associate/Air Compliance Specialist
¢ July 1998-March 2018: RSG, Inc., White River Junction, VT —

Director

TECHNICAL EXPERTISE

v' New/modified source air permit application v State level air toxics evaluations including New
preparation; Hampshire Env-A 1400, Vermont HMSER; and

v' Air emissions dispersion modeling for New York Part 212;
criteria pollutants and air toxics using the v' Accidental release modeling using SLAB,
AERMOD modeling system; DEGADIS, and ALOHA;

v" Pollution Control Technology Assessments  v'  Mobile source emissions estimation with
including BACT/LAER and Vermont MOVES and dispersion modeling with
HMSER; AERMOD; and

v' Federal air quality regulations including, v' Vermont Act 250 Permitting.

NSPS and NESHAPs;

PROFESSIONAL OVERVIEW

Mr. John Hinckley possesses over 22 years of air quality consulting experience focusing on air emissions
permitting, air dispersion modeling (including accidental release modeling), and air pollution control
technology assessments. Mr. Hinckley has worked with a variety of clients in the institutional (education,
public health), renewable energy (biomass, biogas, landfill gas to energy, renewable natural gas), forest
products, manufacturing, hot mix asphalt, aggregate, dimension stone, concrete and ski area sectors
from Maine to Alaska. Mr. Hinckley’s primary interest and career work focuses on helping clients
understand how to design and operate their facilities in compliance with complex federal and state air
pollution control regulations. His experience with emissions estimation, pollution control technology
assessments, and air dispersion modeling are used to evaluate regulatory applicability and to develop
compliance solutions. He has guided clients through feasibility studies for new facilities, evaluating
facility design and operation requirements, resolving odor and dust nuisance issues, responding to
federal/state enforcement actions, permitting first-of-their-kind projects, evaluating safety from accidental
releases of air emissions, and providing litigation support and expert testimony.
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4

ALL

PROJECT HISTORY

Compressor Station Peer Review. Town of Weymouth, MA. Senior Project Manager: Performed peer
review of a proposed natural gas-fired compressor station on behalf of Town of Weymouth, MA.
Reviewed emissions calculations, air dispersion modeling, and pollution control technology evaluation
prepared for the compressor station’s permit application. Conducted independent air dispersion modeling
evaluation of start-up emissions using U.S. EPA AERMOD model. Performed accidental release modeling
evaluation using U.S. EPA ALOHA model. Prepared prefiled testimony and provided expert witness
testimony at MassDEP Boston separately for air permit application review and accidental release
modeling.

Consent Decree Representation for Massachusetts Industrial Facility. Confidential Industrial Client:
Provided technical assistance to an industrial Massachusetts facility that was sued by the Massachusetts
Attorney General. Provided on-site representation in meetings between the Facility and the
Massachusetts Attorney General. Assisted facility with an emission control evaluation for pollution control
equipment selection. Reviewed and commented on draft consent decrees.

Enforcement Action Representation for Massachusetts Industrial Facility. Confidential Industrial Client:
Provided technical assistance to an industrial Massachusetts facility that was inspected and later received
a Letter of Deficiency from U.S. EPA Region 1. Assisted the facility with emissions testing and equipment
changes to comply with federal air pollution control requirements. Participated in meeting with the Facility
and U.S. EPA at the Region 1 office in Boston, MA.

Consent Decree Representation for New Hampshire Commercial Facility: Provided technical assistance
to a New Hampshire commercial facility to comply with a consent decree with the New Hampshire
Department of Environmental Services (NHDES). Assisted with meetings at the NHDES office in
Concord, pollution equipment improvements, and source emission testing.

Consent Decree Representation for Massachusetts Industrial Facility. Confidential Industrial Client:
Provided technical assistance to an industrial Massachusetts facility that was sued by the Massachusetts
Attorney General. Provided on-site representation in meetings between the Facility and the
Massachusetts Attorney General. Assisted facility with an emission control evaluation for pollution control
equipment selection. Reviewed and commented on draft consent decrees.

Enforcement Action Representation for Massachusetts Industrial Facility. Confidential Industrial Client:
Provided technical assistance to an industrial Massachusetts facility that was inspected and later received
a Letter of Deficiency from U.S. EPA Region 1. Assisted the facility with emissions testing and equipment
changes to comply with federal air pollution control requirements. Participated in meeting with the Facility
and U.S. EPA at the Region 1 office in Boston, MA.

Consent Decree Representation for New Hampshire Commercial Facility: Provided technical assistance
to a New Hampshire commercial facility to comply with a consent decree with the New Hampshire
Department of Environmental Services (NHDES). Assisted with meetings at the NHDES office in
Concord, pollution equipment improvements, and source emission testing.




Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 23

4

ALL

Nuclear Power Plant Cooling Tower. Evaluation, Riverkeeper, Buchanan, NY, Senior Project Manager:
Retained by Riverkeeper (New York State non-profit) to evaluate the feasibility of permitting cooling
towers for the 2000-megawatt Indian Plant Energy Center (IPEC) in Buchanan, NY. Evaluated emissions
control from mist eliminators, estimated emissions, and performed air dispersion modeling to demonstrate
that Riverkeeper’s proposed cooling tower design would meet the National Ambient Air Quality Standards
(NAAQS) for fine and coarse particulate matter. Modeling findings were affirmed by the New York State
Department of Environmental Conservation (NYSDEC). Provided expert witness testimony on three
occasions at NYSDEC headquarters in Albany, NY.

Permitting and Representation for Hot Mix Asphalt Plant and Rock Crushing Plants. Graniteville, VT.
Senior Project Manager: Provided air permitting, air dispersion modeling, emissions control, and expert
witness testimony for North East Materials Group, for its hot mix asphalt plant and rock crushing plants in
Graniteville, VT. Provided expert testimony at Act 250 District Commission hearings in Vermont
Environmental Court Proceedings.

Permitting and Representation for Hot Mix Asphalt Plant. Irasburg, VT. Senior Project Manager: Provided
air permitting, emissions control, and expert witness testimony for J. Hutchins, Inc. for its hot mix asphalt
plant and rock crushing plant in Irasburg, VT. Provided expert testimony at Act 250 District Commission
hearing.

Hot Mix Asphalt Plant Peer Review. Permitting, Mediation. Colchester, VT. Senior Project Manager:
Involved as intervenor, then facility consultant, then mediator regarding odor and dust issues regarding
the FW Whitcomb Construction Company. Initially hired by neighboring commercial office complex to
evaluate and identify a solution to odors generated by a hot mix asphalt plant. Worked with the neighbor
and Whitcomb to design odor control equipment for the hot mix plant. Was later hired by Whitcomb to
provide air permitting services for additional equipment changes. Recently represented Whitcomb to work
with neighbor as part of mediation to resolve additional odor issues.

Permitting and Representation of Hot Mix Asphalt Plant and Rock Crushing Plants. Graniteville, VT.
Senior Project Manager: Have provided air permitting, air dispersion modeling, emissions control, and
expert witness testimony for North East Materials Group (NEMG) for their hot mix asphalt plant and rock
crushing plant in Graniteville, VT. Provided expert testimony in separate Vermont Environmental Court
Proceedings.

Bulk Heated Storage Tank Peer Review. Senior Managing Consultant: Assisted the City of South
Portland, Maine with evaluating a proposed odor control system for bulk heated storage tanks located at
Global Companies, LLC’s (Global) petroleum storage and distribution facility in South Portland. ALL4 was
retained by the City of South Portland, Maine to evaluate the potential effectiveness of the equipment and
to address South Portland citizen’s concerns regarding the equipment. Prepared findings report and
testified at public hearings.
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EXHIBIT 2
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COMMONWEALTH OF MASSACHUSETTS
ENERGY FACILITIES SITING BOARD

Petition of Cranberry Point Energy Storage, LLC, )

Pursuant to G.L. c. 164, § 69J ¥ for Approval to ) EFSB 21-02
Construct a 150 MW Battery )
Energy Storage System in Carver, MA )

PETITION OF CRANBERRY POINT ENERGY STORAGE, LLC
FOR APPROVAL OF 150 MW BATTERY ENERGY STORAGE PROJECT

NOW COMES Cranberry Point Energy Storage, LLC (“Cranberry Point”, the “Company”
or the “Applicant”), pursuant to G.L. c. 164, 8 69J ¥4, seeking approval from the Energy Facilities
Siting Board (the “Siting Board” or “EFSB”) to construct a 150 megawatt (“MW”)/300 megawatt-
hour (“MWh”) standalone battery energy storage system (“BESS”) to be located in the Town of
Carver (the “Town” or “Carver”) (the “Cranberry Point Energy Storage Project” or the “Project”).

G.L. c. 164, § 69J ¥ states that the Siting Board shall approve construction of a
generating facility where the applicant has demonstrated that: (i) the description of the
proposed generating facility and its environmental impacts are substantially accurate and
complete; (ii) the description of the site selection process used is accurate; (iii) the plans for
the construction of the proposed generating facility are consistent with current health and
environmental protection policies of the Commonwealth and with such energy policies as are
adopted by the Commonwealth for the specific purpose of guiding the decisions of the Board,;
(iv) such plans minimize the environmental impacts consistent with the minimization of costs
associated with the mitigation, control, and reduction of the environmental impacts of the
proposed generating facility; and (v) the construction of the proposed near zero greenhouse
gas emission-generating facility on balance contributes to a reliable, low-cost, diverse, clean

regional energy supply with minimal environmental impacts.
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As detailed herein, the Project is contractually committed to meeting the capacity needs
of Massachusetts as determined by ISO-New England, Inc. (ISO-NE”), is located in an area
that allows for easy interconnection adjacent to an existing NSTAR Electric Company d/b/a
Eversource Energy (“Eversource”) substation, is consistent with current health, safety and
environmental regulations and policies, and is designed to minimize environmental impacts.
As such, the Project is consistent with the requirements for approval of the Project under the
Siting Board requirements.

In support of the Application, the Company states as follows:

1. The Siting Board Has Jurisdiction over the Proposed Project

The Siting Board has jurisdiction to review and approve “generating facilities” pursuant

to G.L. c. 164, § 69J V4, defined as “any generating unit designed for or capable of

operating at a gross capacity of 100 MW or more, including associated buildings,
ancillary structures, transmission and pipeline interconnections that are not otherwise
facilities, and fuel storage facilities.” The Project is a standalone energy storage
system, in that it is not designed as a co-located or a hybrid installation with renewable
energy generation onsite. The Project is the first of its kind in Massachusetts and
proposes to: (1) have a nameplate capacity of 150 MW; (2) be connected to the ISO-

NE administered transmission system and (3) to participate in the ISO-NE wholesale

market and the ISO-NE Forward Capacity Market (“FCM”).

While the Siting Board’s statutes and regulations do not explicitly define what constitutes

”

a “generating unit,” “generation,” or a “generating facility”, the Siting Board has, in the
past, looked to definitions in Section 1 of Chapter 164 when a particular term is not
defined in G.L. c. 164 § 69G. Chapter 164 defines generation as “the act or process of
transforming other forms of energy into electric energy or the amount of electric energy

so produced.” Relatedly, a “generation facility” is defined as a “plant or equipment used
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to produce, manufacture or otherwise generate electricity and which is not a
transmission facility, or an energy storage system procured by a distribution company for
support in delivering energy services to end users.” Cranberry Point Energy Storage
meets these definitions. Cranberry Point is a BESS, which is defined as “a commercially
available technology that is capable of absorbing energy, storing it for a period of time
and thereafter dispatching the energy.”> Cranberry Point was not procured by a
distribution company for support in delivering energy services to end users. Rather,
Cranberry Point is a BESS that can participate in the ISO-NE marketplace as a
Generator Asset, which is defined in the ISO-NE Tariff as a “device (or a collection of
devices) that is capable of injecting real power onto the grid.”® Because Cranberry Point
will function as a generator, it is a “generating facility” subject to Siting Board review.
Cranberry Point has been designed to participate in ISO-NE’s Forward Capacity Market
(“FCM”) and will contribute to system reliability with its 150 MW of capacity in Southeast
Massachusetts within ISO-NE’s Southeast New England (“SENE”) capacity zone. The
Project, located in ISO-NE’s Southeast Massachusetts (“SEMASS”) load zone will also
participate in the Day-Ahead and Real-Time energy markets as well as ISO-NE’s
ancillary services markets and will mitigate instability on the grid that could result from
intermittent resources, congestion, fluctuations in system demand and other system
contingencies. From a wholesale electricity market standpoint, the Project will operate
much like a generator in that it will act as a source of wholesale electricity and provide
wholesale services in the same manner as other resources, i.e., by dispatching

electricity into the marketplace.

1G.L.c.16481.

21d.

3 |SO-NE Tariff § “Generator Asset.”
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ISO-NE has implemented a technology-neutral market construct, meaning that a
resource participating as a BESS must register under existing market constructs.
Specifically, a storage facility registers as a dispatchable Generator Asset to manage
injection capability for the provision of capacity energy, reserves, primary frequency
response, blackstart, and reactive power. A BESS, like other resources, also has the
ability to participate in the ISO-NE FCM by qualifying as a Generating Capacity
Resource. A BESS can also offer as a Limited Energy Resource, which allows it to
lower its maximum dispatch limit at any time during the current operating hour or future
hours to save the facility’s energy for a future period, while continuing to provide
reserves up to its full capability. Essentially, under ISO New England’s market rules, a
BESS acts as and is modeled a generator when dispatching electricity into the

marketplace.

The size of the Project, at 150 MW, exceeds the Siting Board’s 100 MW jurisdictional
threshold. Moreover, given Cranberry Point’s intended participation in the wholesale
electricity markets and ISO-NE’s characterization of storage facilities as Generator
Assets under the market rules, this Project qualifies as a “generating unit” or a
“generating facility,” and its operation should be considered to be “generation” over
which the Siting Board’s exercise of jurisdiction is appropriate.

ISO-NE has Determined a Need for Resources Such as Standalone Battery
Energy Storage Systems

The Project critically supports ISO-NE in meeting the future capacity needs of the
SENE zone, which is comprised of Northeastern Massachusetts, Greater Boston,
Southeastern Massachusetts, and Rhode Island. Pertinent to this matter, on February
8, 2021, Cranberry Point participated in ISO-NE’s Forward Capacity Market Auction
(“FCA 15”) and ISO-NE selected Cranberry Point to provide capacity to serve the

SENE zone starting in 2024.
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The projects selected by ISO-NE align with power system transmission constraints and
signal areas of the system with a potential shortfall. The clearing prices in FCA 15
reveal the different values across the region based on the individual capacity needs for
each zone. The clearing price in the SENE zone, where this Project will be located, is
$3.98 kW-month. 1SO-NE noted that FCA 15 included nearly 600 MW of energy
storage capacity target for 2024-2031, of which 150 MW was committed to from the
Project.

Project Has Minimal Environmental Impacts

The Project has significantly fewer environmental considerations and impacts for EFSB
review than traditional generation projects. The Project will generate near zero air
emissions, and will not impact water resources, will not impact rare species, and will not
interfere with heritage agricultural uses. Additionally, it is not anticipated that the Project
will damage any sensitive archaeological resources. All predicted noise levels from the
Project are within the Massachusetts Department of Environmental Protection (“MDEP”)
noise regulation standards. Similarly, traffic impacts due to initial construction and
occasional on-site maintenance will all be minimal, especially as the site location is
adjacent to a substation on property owned by Eversource and in an area where BESS
is allowed pursuant to a 2018 Town Board meeting (see Exhibit CP-1, Exhibit CP-2,
attached). Any required traffic changes during construction have been discussed with
the Town and will be addressed in accordance with the requirements set forth in the
Town of Carver’s Site Plan Review and Special Permit for the Project. The Project will
be remotely monitored; traffic to the Project Site will be limited to regularly scheduled
site inspections.

The Project Site Selection is Preferred

The Project site was chosen given its proximity to its existing transmission lines and

Eversource substation, as well as its remote location. Specifically, the size of the lot, at
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approximately 6 acres, meets the requisite land area needed for a project of the size
proposed. Second, as the lot is more than 400 feet from the nearest residence, there is
minimal, if any, economic or environmental impact on the surrounding community.
Third, the lot is readily available for lease. Fourth, the lot is adjacent to infrastructure
with available transmission interconnection capabilities. Fifth, the location of the Project
is in an area where the Company could readily obtain a Site Plan Review and Special
Permit, with minimal impact on the environment. Sixth, the location is in close proximity
to retiring nuclear and fossil-fuel generation facilities and potential offshore wind
interconnection points onshore which, combined with significant market advantages
including but not limited to, energy price volatility and compensation mechanisms
available for providing ancillary services, etc., enhancing the viability of a project of this
size and scope. In fact, the Project Site allows sufficient physical and electrical space to
add new enclosures of batteries in the future to maintain the system’s capacity.

5. Consistency with Massachusetts Energy Policies and Initiatives
In addition to being nearly emissions-free and environmentally consistent with current
laws and regulations, the Project may displace conventional non-renewable generation
facilities and thereby further reduce emissions of carbon, particulates, and other air
pollutants. For example, the Project represents approximately 10 percent of the
capacity of the nearby retiring Mystic gas plant and is sited near other Mystic units that
are slated to retire in the coming years.* As such, the Project will also promote the
Commonwealth of Massachusetts’s energy storage and clean energy goals. For
example, in its State of Charge, Massachusetts Energy Storage Initiative, a copy of

which is attached hereto as Attachment 1 and in subsequent initiatives and mandates,

4 https://www.exeloncorp.com/newsroom/statement-regarding-the-retirement-of-mystic-generating-
station-in-2024
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the Commonwealth intends to enhance the efficiency, affordability, resiliency and

cleanliness of the electric grid by modernizing the way that electricity is generated and

delivered. Massachusetts established the Energy Storage Initiative in 2015, with the

goal of “advancing energy storage” by:

e Attracting, supporting and promoting storage companies in

Massachusetts;

e Accelerating the development of early commercial storage

technologies;

o Expanding markets for storage technologies, and valuing
storage benefits to clean energy integration, grid reliability,
system wide efficiency, and peak reduction; and

e Recommending and developing policies, regulations and
programs that help achieve those objectives.

As demonstrated below, the Project is anticipated to qualify to participate in the

Commonwealth’s Clean Peak Standard as well as the initiatives established in the Global

Warming Solutions Act.

WHEREFORE, Cranberry Point Energy Storage, LLC respectfully requests that the

Energy Facilities Siting Board approve this Application, with conditions as required to be met by

the Town of Carver pertaining to its Site Plan Review and Special Permit and its Order of

Conditions.

Dated: August 27, 2021

q 1. 4 /
/ ‘!//"/ //// V4

Respectfully submitted,
Cranberry Point Energy Storage, LLC

By its attorneys,
: Y

Andrew O. Kaplan

Paul K. Connolly

Jared S. des Rosiers

Kayla J. Grant

Pierce Atwood LLP

100 Summer Street

Boston, Massachusetts 02110
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COMMONWEALTH OF MASSACHUSETTS
ENERGY FACILITIES SITING BOARD

Petition of Cranberry Point Energy Storage, LLC for Approval to
Construct a 150 MW Battery Energy Storage System in Carver, MA
Docket No. EFSB 21-02

ENERGY
STORAGE

Submitted by:
Cranberry Point Energy Storage, LLC

Prepared by:

PIERCE ATWOOD LLP
100 Summer Street
Boston, MA 02110

AECOM
250 Apollo Drive
Chelmsford, MA 01824

ENERGY SAFETY RESPONSE GROUP
36 Plymouth Drive South
Glen Head, NY 11545

August 27, 2021
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ANALYSIS IN SUPPORT OF PETITION



Testimony of John Hinckley, Q.E.P.

Exhibit STPB-JH-1
EFSB 21-02
Page 34
Table of Contents
SECTION 1.0 I | = O N 1 PPN 1
1.1 PROJECT OVERVIEW ...ttt e e e 1
1.2.  HOW THE PETITION IS STRUCTURED ......cccveeiiiieiitiee et 2
1.3 o SO N | O I I L | 3
SECTION 2.0 SITE DESCRIPTION . ...ttt ettt ettt ettt 5
2.1 TOWN OF CARVER ZONING APPROVALS ..., 10
SECTION 3.0 PROJECT DESCRIPTION ...ttt ettt 11
3.1 PROJECT DEVELOPMENT SCHEDULE ......cccviiiir e 13
3.2 BATTERY TECHNOLOGY AND LOCATION ....ccvvieiitieeciiee e 15
SECTION 4.0 ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES................... 17
4.1 AIR QUALITY oottt ettt e et e e enteeeenreas 17
4.2 EMISSIONS ... e e e e e 18
4.3  WATER RESOURCES.......cotii ittt 19
4.4 WETLANDS ..o e e e e et e e e e e e e e eeas 20
4.5 STORMWATER ..ot e e et e e eeas 21
4.6  SOLID AND HAZARDOUS WASTE .....ccoviiiiitiee e 22
4.7 Y2 1 O 22
4.8 N[ ] PP 25
4.9 LOCAL AND REGIONAL LAND USE......co i 27
SECTION 5.0 BATTERY SAFETY .ottt e et e et e e e et e e e e e e e eaeans 32
51 SAFETY STANDARDS ... e 32
5.2 MITIGATION Lot e e e e et e e e et e e e e araneeeeaenns 33
5.3 HAZARD CONTROL ... e e e 34
5.4 LOCAL COORDINATION. ...cctti ettt ee et e et e e e et e e e et e e e et e e enenns 35
SECTION 6.0 ARCHAEOLOGICAL AND HISTORICAL ...ccvniiiiieee e 36
SECTION 7.0 ALTERNATE SITES ANALYSIS ...t e e 37
SECTION 8.0 CONSISTENCY WITH COMMONWEALTH POLICIES.........cocoiiieeeees 40
8.1 CONSISTENCY WITH POLICIES OF THE COMMONWEALTH.................. 40
8.2 ENERGY STORAGE INITIATIVE.... ittt 40
8.3 CLEAN PEAK STANDARD ..ottt et e e 41

8.4 GLOBAL WARMING SOLUTIONS ACT ...cciiiiiiiiiiiiiiiiiieiiieieieeeeeeeeeeeeeeeeeeee 42



Attachments

Attachment 1:
Attachment 2:
Attachment 3:

Exhibits

Exhibit CP-AJS-1
Exhibit CP-CQ-1
Exhibit CP-PNS-1
Exhibit CP-PR-1
Exhibit CP-TJK-1

Exhibit CP-1
Exhibit CP-2
Exhibit CP-3
Exhibit CP-4
Exhibit CP-5
Exhibit CP-6
Exhibit CP-7
Exhibit CP-8
Exhibit CP-9
Exhibit CP-10
Exhibit CP-11
Exhibit CP-12
Exhibit CP-13

Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 35

State of Charge Report
Clean Peak Energy Standard Guidelines
Clean Peak Energy Standard 225 CMR 21.00

Testimony of Allyson J. Sand
Testimony of Christopher Quaranta
Testimony of Polly N. Shaw
Testimony of Lt. Paul Rogers
Testimony of Thomas J. Keough

Town of Carver 2018 Annual Town Meeting Warrant
Town of Carver 2018 Annual Town Meeting Minutes
Carver Site Plan Review and Special Permit

Carver PB June 22 2021 Meeting Minutes

Carver Conservation Commission Order of Conditions
Carver Conservation Commission Meeting Minutes
Expanded ENF

Wetland Delineation Report

Stormwater Report

Acoustic Assessment

Draft Emergency Response Plan

Project Notification Form

MHC Response Letter



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 36

SECTION 1.0 THE PROJECT

11 PROJECT OVERVIEW

Cranberry Point Energy Storage, LLC (the “Applicant” or the “Company” or “Cranberry
Point”) proposes to construct a 150 MW/300 MWh battery energy storage system with ancillary
structures (i.e., transformers, substation, low voltage/medium voltage equipment) to be located
at 31R Main Street, in Carver, Massachusetts. Currently, the Project is designed to utilize
lithium-ion batteries, which will be located in approximately 116 above-ground enclosures on an
approximately 6-acre parcel of undeveloped land that is currently under an Option to Lease with
the Company.

The Project will interconnect adjacent to an Eversource substation (No. 276), via a new
115 kV three-breaker ring bus, which will tap into the existing transmission line #127, requiring
the installation of two (2) new dead-end structures between existing structures. In terms of site
access, there are two main points of ingress/egress. The existing approximately 530-foot long
gravel access driveway from Main Street to the Project will be improved to a width of 20 feet.
An existing gravel access road of approximately 20-feet wide and 25-feet long will be extended
further south on the East side of the Project Site to allow for emergency vehicle access.

The Project will store electricity, during times of oversupply, and dispatch the electricity,
during times of peak demand onto the electric grid. This function will serve as a valuable
addition to the electricity system by lower-cost energy generated during off-peak periods to
meet peak demand, provide flexibility to optimize the use of other clean, intermittent renewable
resources, and defer future traditional generation and transmission projects while avoiding and
even offsetting their environmental impacts.

The Project critically supports ISO-NE in meeting the future capacity needs of the
SENE zone, which is comprised of Northeastern Massachusetts, Greater Boston,
Southeastern Massachusetts, and Rhode Island. On February 8, 2021, ISO-NE as part of its

most recent Forward Capacity Market Auction (“FCA 15”), selected Cranberry Point to ensure
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there are adequate power system resources available to provide New England with sufficient
capacity to meet peak demand needs from 2024-2031.

The projects selected by ISO-NE align with power system transmission constraints and
signal areas of the system with a potential shortfall. The clearing prices in FCA 15 reveal the
different values across the region based on the individual capacity needs for each zone. The
clearing price in the SENE zone, where this Project will be located, was $3.98 kW-month. 1SO-
NE noted that FCA 15 included nearly 600 MW of energy storage capacity for 2024-2025, of
which 150 MW was committed by the Project.

1.2. HOW THE PETITION IS STRUCTURED

There are eight sections that make up the Company’s Siting Board application including
the Project Overview. Collectively, they demonstrate that Cranberry Point’s proposed Project
meets or exceeds the statutory requirements, pursuant to G.L. c. 164 § 69J Ya.

Specifically, Sections 2 and 3 provide details about the Project’s site. Testimony on
these sections will be offered by Allyson J. Sand, the Development Lead for the Project.

Section 4 details the testing and analysis that was completed by AECOM, on behalf of
the Company, to demonstrate that the Project will have minimal impact on the environment,
including, but not limited to, surrounding water, wetlands, stormwater, solid and hazardous
waste, air quality, noise, or emissions. Thomas J. Keough, Senior Wetland Scientist and
Permitting Specialist at AECOM will testify on these matters.

Section 5 describes the extraordinary safety testing, evaluations, analyses, and planning
that the Company has undertaken to ensure that the Project is constructed and operated in a
safe and secure manner. These include, but are not limited to, meeting extensively with the
Carver Fire Department (“CFD”) to design the Project Site and retaining retired New York City
Fire Department Lieutenant Paul Rogers, who helped to develop the safety and building code
standards for lithium-ion battery installations. Testimony on the Project’s safety will be offered

by Lieutenant Rogers, the co-founder of Energy Safety Response Group (“ESRG”) and
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Christopher Quaranta, Director of Engineering and Construction for the Project.

Section 6 discusses the Archaeological & Historical analysis and is sponsored by the
testimony of Thomas J. Keough.

Section 7 details the Site Selection process, including information about alternative sites
that were considered, but for a variety of reasons, ultimately not chosen. In addition to Ms.
Sand, Mr. Keough will sponsor this section.

Section 8 outlines each of the Commonwealth’s policies designed to promote energy
storage and how this Project will help propel the Commonwealth to meeting those policy goals
and will be sponsored by the testimony of Polly N. Shaw.

1.3 PROJECT TEAM

The Plus Power team, led by seasoned executives from the renewables and energy
storage industry, is accelerating the deployment of transmission-connected battery storage
throughout the United States, including the development of the Cranberry Point Energy
Storage Project.

With a mission to facilitate the changing energy landscape, Plus Power focuses on
standalone battery energy storage systems that foster grid flexibility by providing capacity,
energy and ancillary services as more renewable generation enters wholesale energy markets.

In addition, the Company has retained the following entities for environmental, safety and
legal services.

1.3.1 AECOM

AECOM is an approximately 54,000-person engineering and environmental consulting
firm based internationally, including offices in and around the greater Boston area. For the
Cranberry Point Energy Storage Project, AECOM's role is lead environmental
consultant for the necessary federal, state, regional, and local permitting, as well as performing
studies that include, but are not limited to biological resources, physical resources, cultural

resources, and noise resources. AECOM is responsible for evaluation of environmental
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impacts and provided environmental support for the Petition.

1.3.2 ESRG

ESRG co-founder Paul Rogers led New York City’s development of the then-most
stringent fire codes in the nation for battery energy storage systems as supervisor of NYC Fire
Department’s premier HazMat team. Mr. Rogers has also played a pivotal role in the design and
evolution of the ensuing National Fire Protection Association (NFPA) 855 national standard for
BESS, and he is a member of the International Fire Code Action Committee for BESS. Co-
founder Nick Warner similarly advises on six UL standards related to BESS, as well as NFPA
and ICC codes for fire safety and BESS deployment. Co-founder Tom Benson also sits on the
NFPA 855 committee, bringing over 20 years of fire investigation including extensive BESS
safety review. Many of ESRG’s senior consultants served in the NYC, Boston, and Phoenix Fire
Departments.

1.3.3 PIERCE ATWOOD LLP

Pierce Atwood LLP is a full-service law firm, representing a broad range of utilities,
developers, and other stakeholders before federal and state agencies. Pierce Atwood clients
include energy storage developers, solar, wind and biomass companies, developers of natural
gas-fired generation facilities, electric and natural gas utilities, hospitals, global governmental

agencies and industrial facilities.
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SITE DESCRIPTION

The Project is located on two undeveloped, primarily wooded properties (Map 61, Lots 7

and 10) at 31R Main Street in Carver, Massachusetts (see Figure 1.1-1).
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The approximate 6-acre area of the Project (the “Project Site”) that will be leased from the
current landowner is part of two larger parcels, one of which is 21.5 acres and the other is 12.5
acres. (see Figure 1.1-7 and Figure 1.1-8).

Figure 1.1-7 | Site Layout Map

Legend

Access Roads

Site Lease Area

Battery Storage Site Layout
=ww = 100" Wetland Buffer

e \Netland Line

I:] Parcel

Figure 1.1-7 —rf
A Site Layout Map A=COM

0 125 250 500

Date: 7/26/2021
Feet

Cranberry Point Energy Storage

Map Projection: MA State Plane NAD 83 Feet 31R Main Street, Carver, MA Project #: 60659634
Data Source: ESRI, MassGIS




Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 42

Figure 1.1-8 | Proposed Layout Map
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An Eversource Substation (Station No. 726) and electrical transmission/distribution lines are

located within a right-of-way (“ROW?”) just north of the Project Site (see Figure 2).

Figure 2 | Aerial Rendering
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The Project Site also includes existing unimproved roads to access a cell tower, to the
northeast of the Project, and cranberry bogs to the south (see Figure 1.1-7 above). Electrical
transmission and distribution lines are also located to the north and west of the Project Site
within an additional ROW (see Figure 2 above). Residential properties are not located within
400 feet of the proposed Project Site boundaries.

Although wetlands and commercial cranberry bogs are located to the south and east of
the Project Site, they will not be impacted by the construction or operation of the Project.

The wooded areas are dominated by softwoods (pines) and mixed hardwoods (maples and
oaks). Understory species consist of a mix of saplings, shrubs, and herbaceous species.
Topography slopes gently in a southerly direction towards the wetland and cranberry bogs. A
large Palustrine Forested (PFO) wetland was delineated south of the Project Site.

A Palustrine Emergent (PEM)/Scrub-Shrub (PSS) wetland is located within the electrical
transmission line ROW to the west of the site. All these areas of PFO and PEM/PSS wetland
are contiguous and considered one large wetland area. Vegetation within the Bordering
Vegetated Wetland include an overstory of trees consisting of red maple (Acer rubrum) and
yellow birch (Betula alleghaniensis) a shrub understory dominated by pepperbush (Clethra
alnifolia), spicebush (Lindera benzoin) and highbush blueberry (Vaccinium corymbosum) with an
herbaceous understory of cinnamon fern (Osmundastrum cinnemomea), skunk cabbage
(Symplocarpus foetidus), Massachusetts fern (Parathelypteris simulate) and sphagnum moss.
Hydric soil containing both shallow and deep organic soil and hydrologic indicators including soll
saturation at the surface and a water table less than 12 inches below the surface were
encountered.

Wetlands Protection Act (“WPA”) regulations (310 CMRS 10.02(2)(b) establish a 100-
foot buffer zone that extends from Bordering Vegetated Wetland (“BVW?”). The buffer zone itself
is not a jurisdictional resource area under the WPA; however, it is a resource area pursuant to

Chapter 1 of the Carver Wetlands Protection Bylaw (Chapter 9). In addition, the Town of Carver
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Wetlands Protection Bylaw provides a 65-foot setback from wetlands that restricts the
construction of any structure or impervious surface within 65 feet of a wetland. The Project will
not result in any direct wetland impacts, and no Project facilities are located within the 65-foot
setback.

Based on the Federal Emergency Management Agency (“FEMA”) Flood Insurance Rate
Map (“FIRM”) panel No. 25023C0343J (July 17, 2012), the Project Site is located outside of the
flood hazard areas subject to the 100-year flood/inundation by the 1% annual chance flood.
Therefore, the Project Site does not contain any areas of Bordering Land Subject to Flooding
(“BLSF).

According to Massachusetts Natural Heritage and Endangered Species Program
(“NHESP”) Atlas (August 1, 2017, 14th Edition), the Project Site is not located within an area of
Estimated Habitats of Rare Wildlife or an area of Priority Habitats of Rare Species. There are
no certified vernal pools located on or near the site.

Two cranberry bogs are located to the south of the Project Site, within the remaining
southern portion of the eastern parcel (parcel 61/7) and also within an off-site parcel (parcel
61/8) to the south. Based on review of United States Geological Survey historical topographical
maps from 1893 to the present and historic aerial photographs from 1960 to the present, it
appears the northern portion of the bog located within the southern extent of the remaining
portion of the Project area parcel (parcel 61/7) is an “upland bog” since there has historically
been an upland area (upland lobe) that is surrounded by wetland to the south, east and west.
The far southern bog (the southernmost bog) located off-site on parcel 61/8 appears to have
potentially been former wetland; however, the far northernmost portion of the bog (the “upland
bog” area) located on the site of the Project area appears to have been mostly upland. The

proposed Project Site is not located within a current or former bog.
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2.1 TOWN OF CARVER ZONING APPROVALS

On March 26, 2019, the Town of Carver Planning Board awarded the Applicant a Site
Plan Review and Special Permit, allowing for the construction and operation of the Project,
subject to limited conditions (see Exhibit CP-3 attached). The vote was four in favor and one
opposed. On June 22, 2021, the Project’s Minor Modification Application was approved by
the Town of Carver’s Planning Board (see Exhibit CP-4, attached). Additionally, on February
6, 2019, the Company received an Order of Conditions from the Carver Conservation
Commission (see Exhibit CP-5, attached). Per the December 2, 2020 letter from the Carver
Conservation Commission (see Exhibit CP-6, attached), no additional conditions were

necessary as a result of the minor modifications made to the Projects design.
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SECTION 3.0 PROJECT DESCRIPTION

The description below is based on the Project layout as it is currently designed as of the
date of this filing. As battery technology evolves, the exact quantity and dimensions of the
equipment listed below that will be utilized for the Project may change. However, the Company
will maintain strict adherence to the requirements as to the environment, and other conditions
required in the Company’s permits and certifications.

The Project involves the construction of a 150 MW lithium-ion battery energy storage
system (“BESS”) that will contain lithium-ion battery modules built into approximately 116
individual enclosures that will be supported by concrete slabs and pier foundations and
surrounded by crushed stone. The BESS itself will be constructed using an assembly of
subcomponents that include battery enclosures manufactured by Tesla, oil-filled step-up
transformers, medium voltage circuit breakers, and associated electrical control and
interconnection equipment. The entire BESS will be electrically connected to a Project
Substation (described in more detail below), which includes a single large Power Transformer,
circuit breaker, and interconnection structures that are used to match up to the electrical
interface of the Eversource grid. Lastly, the Project will include an Eversource-owned
switchyard that will electrically allow Eversource and ISO-NE to either connect, disconnect, or
bypass the Project based on market and grid conditions, as required.

Within the Project’'s BESS, groups of two battery enclosures will connect to their own
3,000 kVA transformer to form an AC “string”. Lithium-ion battery cells, which are hermetically
sealed, are combined electrically in a series of parallel arrangement within each battery module.
Each enclosure will have approximately 22 inverter and 15 battery modules to provide the
necessary power and energy required from each enclosure. Enclosures in the current design
are 23.5 feet long, 5.4 feet wide, and stand 8.3 feet tall atop one-foot concrete pad foundations.

Every two enclosures will be installed back-to-back, creating a string that will be approximately

11
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11-feet wide. The concrete pad foundation will also include empty space for the future
installation of additional battery equipment to address the time-based degradation of the initial
installation, which is further detailed below in Section 3.2.

The rows of enclosures in the current Project design are spaced 8 feet apart and the
transformers are spaced 3 feet from the first and last enclosures in each row. Per this design,
there will be a total of approximately 58 standard step-up transformers that are approximately 4-
feet by 5-feet and approximately 8-feet high.

The physical layout of the proposed Project has two separate areas of development
within the Project Site, including an east and west battery storage area to ensure no wetland
impacts and to mitigate the need to cut the nearby forest. The eastern storage area is the larger
of the two areas and is connected to the western side via a proposed vehicle access path at the
northern edge of the Project Site. Within the approximately 6-acre Project Site, 4,217 square
feet includes impervious surfaces such as concrete slabs and drilled piers. The remaining
213,583 square feet within the proposed fenced-in area will be surfaced with an approximate
12-inch-thick layer of crushed stone and approximately 13,051 square feet of crushed stone
within the driveways.

As noted above, in addition to the battery system and transformers, the Project will
include a small substation within the fenced area (“Project Substation”) with low voltage/medium
voltage equipment, protective relays, circuit breakers, and other ancillary electrical equipment,
all of which will be supported by concrete pads. All of this equipment will be secured by the
installation of a chain link fence and, with prohibitive signage, will be monitored by security
cameras. Within the fenced Project Substation, all equipment will be placed on concrete pads
and the area in between the concrete pads will be covered with gravel.

The Project will interconnect to Eversource’s existing transmission line #127 via a new
115-kV three-breaker ring-bus (“Switchyard”) to be located west of the Project Substation. Itis

anticipated this interconnection will be effectuated via an approximately 100-foot, aboveground
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115-kV line directly from the Cranberry Point Project Substation to the Switchyard ring-bus.
Said interconnecting line, and the two new dead-end structures, will not cross any public ways
and will be entirely located on the Project Site and Eversource’s right-of-way.

A total of three access gates (points of ingress/egress) are proposed for the Project, two
of which would be for normal use, with one additionally proposed emergency entrance within
Eversource’s existing transmission ROW to the north of the Project Site. A new approximately
16- to 20-foot-wide gravel access driveway that is approximately 530 feet in length is proposed
to extend from an existing unimproved drive-way from Main Street that is currently used to
access the cranberry bogs located to the south of the Project area. A second new 20-foot wide
gravel access driveway that is approximately 25 feet in length is proposed to extend from the
existing access road directly to the east storage area. A third new 20-foot wide gravel access
driveway that is approximately 90 feet in length is proposed to extend from the existing road to
the northern portion of the site to provide ingress/egress to the west storage area from the
existing electrical substation. This driveway is proposed solely for emergency access purposes
and must be approved by Eversource.

Permanent structural stormwater management control devices are proposed including
two infiltration basins. These stormwater management control devices will collect and treat
stormwater before discharge to the surrounding wetlands.

3.1 PROJECT DEVELOPMENT SCHEDULE

On August 16, 2021, an Expanded Environmental Notification Form (“ENF”) was
submitted to the Massachusetts Environmental Policy Act Office (“MEPA”) (see Exhibit CP-7,
attached). Relatively few remaining permits or applications are needed for the development of
the Project.

The timeline for the remaining anticipated permits / approvals are as follows:

13



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 49
Number Permit/Review/Approval Issuing Agency / Status
Reqgulatory Authority

1 Site Plan Review and Special Town of Carver Awarded March 26, 2019

Permit Planning Board
Extension approved March 23,
2021
Minor Modification Application
approved June 22, 2021

2 Petition of Cranberry Point Massachusetts Energy | Submitting August 2021
Energy Storage, LLC, Pursuant | Facilities Siting Board
to G.L. c. 164, § 69J Y4 for (EFSB)

Approval to Construct a 150-
MW BESS (EFSB 21-02)

3 Expanded Environmental Massachusetts Submitted Expanded
Notification Form (EENF) and Environmental Policy Environmental Notification
Environmental Impact Report Act (MEPA) Office Form August 16, 2021
(EIR) pursuant to 309 CMR
11.03(7)(2)

4 WPA Form 5 - Order of Carver Conservation Awarded February 7, 2019
Conditions (SE# 126-579) Commission,

Massachusetts
Department of
Environmental
Protection Bureau of
Resource Protection -
Wetlands)
5 Certificate of Compliance Carver Conservation Once construction is
Commission completed
6 National Pollutant Discharge U.S. Environmental Application to be submitted

Elimination System (NPDES)
Stormwater General Permit

Protection Agency
(EPA)

prior to construction start

14
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7 Project Notification Form (PNF) | Massachusetts State PNF submitted July 2, 2021
Historic Preservation
Office (SHPO)
8 Building Permit Town of Carver Application to be submitted
prior to construction start
9 Electrical Permit Town of Carver Application to be submitted
prior to construction start
10 Certificate of Use and Town of Carver Application to be submitted

Occupancy

prior to construction start

3.2 BATTERY TECHNOLOGY AND LOCATION

Currently, the Project expects to use the Tesla Megapack enclosure as the proposed

battery solution. The Tesla Megapack includes:

e DC Battery Module —

o Quantity of 15, rated for ~89.4 KW (AC) for a 2-hour duration

e Powerstage (DC-AC Inverter) —

o Quantity of 22, each rated for 71.5KVA

Each Megapack enclosure also includes equipment that provides ancillary functionality

for heating and cooling (thermal management - heater, cooling pump and reservoir, cooling

distribution system, and heat exchanger with fans); connection and disconnection (fuses, circuit

breakers, switches); as well as an integrated controls and Battery Management System

(“BMS”).

As any battery is used, it begins to degrade the total amount of electrical charge that it

can store and release. For large grid-connected BESS installations, there are two typical

approaches to solve for this standard process: either to (i) overbuild the Project with

considerably more batteries to plan for the “theoretical” decline over the lifetime, or (ii) build the
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Project such that sufficient physical and electrical space is available to add new enclosures of
batteries in the future to maintain the system’s capacity. Cranberry Point has chosen to
implement the latter of those two approaches, which is often referred to as an augmentation of
the BESS' total energy. The foundation areas for the Megapack enclosures will include open
space where augmentation segments can be added to the existing equipment to increase its
energy as the cells naturally decline, thereby enabling the full Project to continue to operate at

its full capacity.
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SECTION 4.0 ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES

G.L. c. 164 § 69J ¥ requires the Siting Board to determine whether the plans for
construction of the Project minimize the environmental impacts of the proposed Project
consistent with minimization of costs associated with the mitigation, control, and reduction of the
environmental impacts of the Project. To make this determination, the Siting Board assesses
the impacts of the Project in eight areas prescribed by G.L. c. 164, § 69J Y4, including air quality,
water resources, wetlands, solid waste, visual impacts, noise, local and regional land use, and
health. Several of these environmental considerations are not at issue or are mitigated by the
very nature of the Project. For instance, there are no air impacts from carbon, nitrogen oxides,
sulfur dioxide, methane, nitrous oxide, or fine particulates associated with the Project, as energy
storage systems using lithium-ion batteries produce near zero emissions. For purposes of
completeness, the Company addresses each potential environmental impact below and
demonstrates how it is not applicable to the Project or, alternatively, how the Project’s
environmental impact is minimal or non-existent.

4.1  AIR QUALITY

The Project will contribute near zero emissions. In fact, the Project may displace
conventional generation facilities and thereby further reduce emission of carbon, particulates,
and other air pollutants.

According to the U.S. EPA (“EPA”), emissions including, carbon dioxide, nitrogen
oxides, sulfur dioxide, methane, nitrous oxide and fine particulates are products of combusting
fossil fuels, as well as biogenic and other materials, and are the primary greenhouse gases
(“GHG”) emitted by human activities that are driving global climate change. Nitrogen oxides
are also emitted by electric generating units and are precursors to the formation of ozone or
smog, and fine particulates, and they also contribute to acid rain and other environmental and
human health impacts. Additionally, sulfur dioxide is emitted by electric generating units

especially in coal combustion; it produces acid rain and particulates that are associated with
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other environmental and human health impacts.

The EPA estimated that in 2018, conventional power plants across the country emit
more than 1.93 billion tons of CO2. According to the EPA eGRID 2016 technical support
documents, the CO2 emissions from hydrogen, nuclear, purchased steam, solar, waste heat,
water, wind, and energy storage are considered to be zero. Further, since energy storage has
near zero emissions of any kind, the Project has no air impacts from the nitrogen oxides, sulfur
dioxide, methane, and nitrous oxide and fine particulates that compose greenhouse gas
emissions. Thus, from an air impacts perspective, BESS is superior as a unit. Depending on
the generating sources on the electric grid that charge it, it can also be significantly superior as
to air quality in performing services for the electric grid system to those performed by
traditional generation. In sum, energy storage has a positive impact on air quality because
storage helps replace traditional polluting generation and enables higher amounts of
renewable energy on the grid.

4.2 EMISSIONS

G.L. c. 164, § 69J V4 requires that a Petition include “either (a) evidence that the
expected emissions from the Facility meet the technology performance standard in effect at
the time of filing, or (b) a description of the environmental impacts, costs, and reliability of other
fossil fuel generating technologies, and an explanation of why the proposed technology was
chosen [over these alternatives].” As explained in further detail in Section 69J ¥4, the purpose
of the technology performance standards is to “streamline the [Siting Board’s] review of
petitions to construct generating facilities that have state of the art environmental performance

characteristics.”
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A petition for approval must include an analysis of the proposed facility’s expected
emissions of the criteria and non-criteria pollutants listed in 980 CMR 12.03. If the expected
emissions from a proposed generating facility meet the technology performance standards, the
Petition does not need to include information regarding other fossil fuel technologies.
Furthermore, applicants proposing the use of fuel types that do not contain pollutants specified
in the technology performance standards and do not result in pollutants specified in the
technology performance standards when burned, will not be required to provide modelling or
testing results, guarantees, work papers or other similar documents with respect to those
pollutants.

As discussed above in Section 4.1, the Project has near zero emissions, and there are
no air impacts from criteria pollutants such as nitrogen oxides, sulfur dioxide, methane, and
nitrous oxide and fine particulates. The Project also does not produce or burn fuel that
produces non-criteria pollutants listed in 980 CMR 12.03(2). Because the emissions from a
BESS is considered to be near zero, the Project satisfies, and arguably exceeds, the
technology performance standards. Accordingly, information regarding other fossil fuel
technologies is not required, nor are modelling or testing results, guarantees, work papers, or
the like, as the “fuel type” the Company proposes to use does not contain or produce the
pollutants specified in the technology performance standards. As explained throughout this
Petition, the proposed technology was selected because of the economic, grid reliability, and
environmental benefits that battery energy storage systems provide and the Project’s
contribution to the Commonwealth’s clean energy and storage-specific objectives.

4.3 WATER RESOURCES

The Siting Board has historically based its determination regarding water supply upon a
demonstration by the applicant of (1) an agreement for, or documentation of, an adequate water
supply for the operational needs of the facility; (2) that the required water supply infrastructure

exists, or can be constructed with minimal environmental impacts; and (3) that historical and

19



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 55

projected water withdrawals are within the permitted limits for the water supply source. Typical
generation requires water for steam generation, cooling ponds, wash ponds, and for dust
control. In locations where cooling ponds or outfalls to rivers or harbors are used, there is often
an increase in temperature in the receiving water.

In almost all fossil fuel generating plants, ash management includes the use of settling
basins, wash ponds or lagoons where the ash is pumped into the pond in slurry. After the ash
settles, the water is pumped and treated before being reused. In coal-fired generating facilities,
water is used for dust mitigation and equipment washing/maintenance.

A BESS does not require a source of on-site water. The only instance where water may
be utilized at the Project Site would be in the rare occurrence of a thermal event. As was
confirmed with the Carver Fire Department, in the unlikely event of a thermal event, a mobile
water source would be used to transport water for fire suppression, should the CFD choose to
utilize water. After construction of the Project, dust suppression is not required because of the
limited number of visits to the site by maintenance workers. For these reasons, a BESS is
superior to most other forms of electric generation with respect to water use.

4.4  WETLANDS

The Siting Board examines direct wetlands alteration, disturbance of wetland buffer
zones or coastal wetland resource areas. Specifically, whether, and if so, how much of the
Project footprint or site access would be located in or disturb wetlands.

The Massachusetts Wetlands Protection Act, G.L. c. 131 § 40, protects water-related
lands such as wetlands, rivers and streams, floodplains, ponds, estuaries, and others and
establishes procedures by which work is conducted in these areas. The implementation of
Massachusetts wetland regulations is delegated to local conservation commissions. Any
proposed activity which will remove, fill, dredge, alter, or build upon a protected area or within
100 feet of a protected area (the Buffer Zone), requires the filing of a Notice of Intent. The

Carver Conservation Commission will make a determination on the Notice of Intent and issue a
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permit in the form of an Order of Conditions. An Order of Conditions may confirm wetlands
boundaries and permit proposed work, and includes conditions under which work will be carried
out to minimize impacts to wetlands, wildlife, or to prevent pollution or flooding, and may include
conditions for long-term operation and maintenance that will continue after the work is done.
The Notice of Intent to obtain an Order of Conditions was submitted on January 18, 2019
(MDEP file number SE#126-579) and issued by the Carver Conservation Commission on
February 6, 2019. See Exhibit CP-5 which includes a letter from the Carver Conservation
Commission dated February 7, 2019.

There are wetlands to the south and west of the Project site as determined by AECOM
in the Wetland Delineation Report dated November 9, 2018 (see Exhibit CP-8). There will be no
direct impacts to the wetlands bordering the Project Site. While the Project Site falls within the
100-foot buffer zone of a wetland, in no instance will work be conducted within 65 feet from the
delineated wetland and impacts to the buffer zone will be limited to tree removal and no
impervious surfaces will be constructed within the Buffer Zone. In addition to the general
conditions under the Massachusetts Wetlands Protection Act, all work associated with the
Project will be performed in accordance with the Project’s Order of Conditions.

4.5 STORMWATER

The Siting Board examines whether an applicant has a comprehensive plan for
minimizing impacts resulting from stormwater-related discharges, i.e., runoff resulting from
rainfall events and snow melt. MDEP has issued the Massachusetts Stormwater Handbook, as
well as Stormwater Management Standards pursuant to the Wetlands Protection Act, G.L. c.
131 § 40, and the Massachusetts Clean Waters Act, G.L. c. 21, 88 26-53, to promote increased
stormwater recharge, the treatment of more runoff from polluting land uses, low impact
development (“LID”) techniques, pollution prevention, the removal of illicit discharges to
stormwater management systems, and improved operation and maintenance of stormwater

Best Management Practices (“BMPs”).
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As part of the Project’s Order of Conditions, the Carver Conservation Commission found
that work associated with the Project is subject to the Massachusetts Stormwater Standards
and imposed conditions to address stormwater impacts. All work associated with the Project as
it pertains to stormwater will be performed in compliance with the Order of Conditions.

To accommodate the change in runoff at the site by this Project, two infiltration basins
with sediment forebays are proposed at both the eastern and western portions of the Project
Site to collect and treat stormwater before discharge to the surrounding wetlands. Each
infiltration basin was sized to store the amount of runoff associated with the 10-year, 24-hour
storm. The structures were developed in accordance with Volume 2, Chapter 2 of the
Massachusetts Stormwater Handbook. Both infiltration basins are proposed just outside of the
fence lines to the battery storage areas, but outside of the 65-foot wetland setback area. Please
refer to the Stormwater Report located as Exhibit CP-9 for further detail.

To protect infiltration basins from failing during a large storm, emergency spillways will
be installed. The spillways will be designed to discharge just enough water so that the
infiltration basin will not overflow. In addition, riprap will be used to prevent erosion at the weir
discharge locations.

In conclusion, the installation of two infiltration basins with sediment forebays are
designed to prevent a net increase in runoff from the site for the 10-year, 24-hour storm. The
basins have also been designed to withstand larger rainfall events.

4.6 SOLID AND HAZARDOUS WASTE

The Project will produce neither solid nor hazardous waste during operations. During
construction of the Project, solid waste will be transported offsite by the construction contractors
in accordance with local, state and federal guidelines.

4.7  VISUAL
The visual impact of the Project is minimal due to the location and orientation of the

Project Site, the existing tree cover on adjacent properties and the existing electrical
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infrastructure to the north of the Project Site. As seen in Figure 3 below (and in Figure 2,
above), the Project Site is located on a remote portion of land and the proposed western fence
line of the Project is approximately 730 feet from the nearest occupied residence with a direct

line of sight.

Figure 3 | Rendering looking West

A depiction of the future view, looking southeast towards the proposed Project Site, from

said residence’s backyard is included as Figures 4-1 and 4-2.
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Figure 4-1 | Rendering of View from Easternmost Residence on Atwood Street

(scale)

Figure 4-2 | Rendering of View from Easternmost Residence on Atwood Street

(no scale)
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The closest residence to the Project is approximately 400 feet west of the proposed
Project fence line, but is shielded by forest, as is depicted in Figure 3, above.

As for visual impacts that could result from the construction of the Project, the Town of
Carver limits construction to daylight hours of 7:00 a.m. to 4:30 p.m. As such, temporary
lighting is not anticipated.

Moreover, permanent lighting within the Project Site will be pole-mounted. Carver zoning
restrictions limit the height of those lighting poles to 15 feet. Accordingly, there should be no
visual impact from those poles. As one of the conditions of the Site Plan Review and Special
Permit, an approved lighting plan with a photometric analysis will be required before a building
permit will be issued by the Town of Carver.

4.8 NOISE

The Project has minimal noise impacts to the surrounding community and complies

with the MDEP’s Noise Regulations and Policy.

1. State/Local Noise Policy/Requlations

The MDEP regulates noise under its Air Pollution Control regulations. Per the
regulations, an “air contaminant” includes “any substance or man-made physical phenomenon
in the ambient air space” and includes sound, and “air pollution” means the “presence . . . of
one or more air contaminants . . . in such concentrations and of such duration as to . . . cause
a nuisance . . . or unreasonably interfere with the comfortable enjoyment of life and property or
the conduct of business.” The MDEP regulations also prohibit “unnecessary emissions” of
noise. The MDEP Division of Air Quality Control Policy Statement 90-001 (Feb. 1, 1990)
interprets a violation of this noise regulation to have occurred if the sources cause either:

¢ Anincrease in the broadband sound pressure level of more than 10 A-
weighted decibels (dBA) above the ambient, or

e A “pure tone” condition.
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The ambient background level is defined as the Ly level as measured during proposed
operating hours. A “pure tone” condition occurs when any octave band sound pressure level
exceeds both of the two adjacent octave band sound pressure levels by 3 decibels (dB) or
more.

These noise limits are MDEP policy and are applicable both at the property line and at
the nearest noise sensitive areas (residences). In some circumstances, the policy limits can
be “waived” by MDEP at property line locations when the adjacent land uses are not
considered sensitive to elevated sound levels and are likely to remain so. The policy limits
typically apply at the quietest period analyzed (i.e., nighttime) unless the measurement location
is associated with daytime use only. MDEP does not regulate the sound from construction
activities or moving motor vehicles.

The permits issued by the Town of Carver do not contain noise requirements because
the Town does not have a numerical decibel requirement. The Town of Carver will specify
construction hours, which are currently expected to be from 7:00 a.m. to 4:30 p.m. Otherwise,
no numerical decibel limits apply to construction activity.

2. Modeling Procedure and Results

Under normal conditions such as those present during the collection of ambient noise
measurements, the modeled noise increase at the nearest residences are expected to be zero
(0) to four (4) dBA above the ambient noise (see Exhibit CP-10). Moreover, all predicted noise
levels from the proposed Project are within 10 dBA of the minimum measured background and
will not exceed the MassDEP noise regulation standard at the property line.

Noise mitigation measures are not required for the Project because the predicted noise
levels are within 10 dBA of the minimum measured background as required by DEP. As
explained above, the rural Project Site minimizes noise impacts, and all predicted noise levels

from the Project fall within the acceptable range of the MassDEP’s noise regulation standards.
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4.9 LOCAL AND REGIONAL LAND USE

The Project Site consists of an approximately 6-acre portion of two larger parcels. While
portions of the larger parcels are occupied by cranberry bogs, the proposed location of the BESS is
not, and has not, been used for agricultural purposes. The anticipated changes to the acreage

required to construct and operate the Project is as follows:

Existing Change Total
Footprint of buildings 0 +0.911 acres? 0.911 acres
Internal roadways 0 +3.265 acres 3.265 acres
Parking and other paved
areas 0 0 0
Other altered areas 0 +0.624 acres? 0.624 acres
Undeveloped areas 5.85

acres 4.80 acres 5.85 acres
Total: Project Site Acreage 5.85

acres 4.80 acres 5.85 acres
1. Structure to house switchgear and controls.
2. Grading and grass areas for stormwater basins.

As reflected in the above table, the Project Site consists of approximately 6 acres of
undeveloped uplands, of which 4.80 acres will be altered to accommodate the proposed BESS.
In addition to the above changes, and as described above in Section 3.0, grading will be
completed during the construction phase and grass areas will be added for stormwater
infiltration basins.

The use of the land for the Project is consistent with the Town of Carver Master Plan,
dated 2001 (the “Plan”). Under the Plan, Carver requires that land be used for economic
development. The Project will provide a near zero emission source of electricity at times when
that electricity will have the greatest economic value to the regional electric system. Moreover,
the Project will improve grid reliability as intermittent renewables are added and traditional
generation is retired in the Southeast Massachusetts load zone, improving current and future
local business’ access to reliable electricity. As such, the Project will improve the overall

utilization and economics of resources supplying electric service to the grid.
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Similarly, the addition of a BESS meets the Plan’s objectives to add adequate
infrastructure in cluster formations. Carver encourages developers to build infrastructure
together with similar-situated purposes, so as not to construct infrastructure that interferes with
the cranberry agriculture, on which Carver is reliant. This Project will be constructed next to a
cell tower and adjacent to 345-kV, 230-kV and 115-kV transmission systems in Eversource’s
substation (No. 276) and adjacent electrical systems and lines. This selected location was
carefully sought out and is consistent with the efforts preferred in the Section 1.3 Land Use
Strategies of the Town Master Plan.

Moreover, the Project is consistent with the Southeastern Regional Planning and
Economic Development District (the “SRPEDD”). The SRPEDD holds a responsibility for the
region by enhancing the quality of life including economic opportunity and environmental quality.
This refers to both preserving open land and maintaining a low unemployment rate.

As with the Town’s Plan, the SRPEDD encourages development in areas that contain
underutilized infrastructures (land, buildings, and other facilities). The Project’s location is
beneficial in that it is currently an undeveloped wooded area, however, infrastructure will be
centrally located to interconnect with the existing 115-kV transmission system.

Additionally, the amount of land required for this Project is significantly less than would
be necessary for a traditional generation plant of similar size (i.e., 150 MW fossil fuel plant),
which would require approximately 41 acres on average, as opposed to approximately 6 acres
for development of the Project. This assumption was calculated by estimating the footprints of
the following Massachusetts power plants: Pittsfield — 40 acres (154 MW), Mt. Tom — 86 acres
(143 MW), Milford — 7 acres (148 MW), Exelon Medway — 53 acres (123.8 MW), Potter Station 2
— 65 acres (183 MW), Cleary Flood — 26 acres (133 MW) and Dighton — 12 acres (164.2 MW).

In generating stations that are oil-fired, vast areas of land are used to house large
(~100,000 to ~500,000-gallon capacity) above-ground fuel storage tanks (“ASTs”). Since the

fuel is liquid, the land immediately surrounding the ASTs is improved with containment berms to
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contain 110% of the tank volume in the event of a breach in the tank. Filling the AST is typically
accomplished by unloading fuel from offshore vessels/tankers or by pipeline. Smaller facilities
may use over the road tank trucks to refuel their ASTs. This additional land is not needed for a
BESS.

In generating stations that are fueled by natural gas, there is typically a restricted
corridor that contains underground piping used to transport the natural gas. This corridor
restricts most land use activities to maintain the integrity of the pipeline and to provide access
for maintenance and or repair. This type of restricted corridor is also not required for a battery
energy storage system.

In many cases, the transmission and distribution lines involve wetland crossing or work
within the wetlands — these are not necessary to a significant degree for the Project. In addition,
fossil fuel generating stations also require significant land for staging areas and employee
parking and, although the generating stations are automated and do not require a large number
of employees, a large portion of generating stations are paved.

Essentially, the Project will occupy a space approximately 12% the size of a traditional
generation plant of the same MW output. The Project will not store fuel (coal, oil or other fuels);
it does not contain any lagoons or wash ponds; it has limited restricted areas protecting
underground utilities; and since the BESS Project is unmanned, there is no paved parking or
sewer interconnections. All repairs are made on a carry-in and carry-out basis. In terms of
decommissioning the Project Site, the Company will provide the Town of Carver with a bond per
the requirements of the Site Plan Review and Special Permit (see Exhibit CP-3, attached).
Based upon the above comparison of recent fossil-fuel fired generating facilities, the Cranberry
Point Energy Storage Project’s land use impacts associated with the BESS are significantly
fewer, limited in location and easily mitigated.

Nonetheless, an erosion and sedimentation control program will be implemented to

minimize potential temporary impacts to BVW and the 100-foot Buffer Zone during the
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construction of the Project. The program incorporates BMPs specified in guidelines developed
by the MDEP and presented in the Massachusetts Erosion and Sediment Control Guidelines for
Urban and Suburban Areas: A Guide for Planners, Designers, and Municipal Officials (1997),
River & Stream Crossing Standards (2011), U.S. Army Corps of Engineers (ACOE) document,
Stream Crossing Best Management Practices (2015) and the EPA document, Developing Your
Stormwater Pollution Prevention Plan: A Guide for Construction Sites (Office of Water Report
EPA 833-B-09-002, February 2009). Proper implementation of the erosion and sedimentation
control program will:

1. Minimize exposed soil areas through sequencing and temporary stabilization; and,

2. Place structures to manage stormwater runoff and erosion.

Non-structural practices to be used during construction include temporary stabilization,
pavement sweeping along Main Street (if necessary), and dust control. These practices will be
initiated as practicable in appropriate areas at the Project Site. Any areas of exposed sediment
or stockpiles that will remain inactive for more than 14 days will be covered with a layer of straw
mulch or plastic sheeting.

Structural erosion and sedimentation controls to be used on the site include erosion
control barriers including silt fence, hay bales, and/or wattles or a combination of these
materials.

Prior to any ground disturbance, an erosion control barrier will be installed at the
downgradient limit of work. As construction progresses, additional barriers will be installed
around the base of stockpiles and other erosion prone areas.

The following includes the key design and operation procedures for the Project in the
approximate order of their implementation.

e [nstallation of soil erosion and siltation controls;
e Vegetation clearing and grubbing;

e New access driveway construction;
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e |Installation of concrete slab and pier foundations;
e Installation of battery storage system components and equipment; and,

e Installation of security fencing.
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SECTION 5.0 BATTERY SAFETY

The Cranberry Point Energy Storage Project will be designed, constructed, and
operated in a manner that will promote and maintain safety. The BESS will be designed in
conformance with the Massachusetts Fire Code and associated National Fire Protection
Association (“NFPA”) standards. As described in greater detail below, the Company has taken
proactive and practical steps to ensure that the safety of the public, emergency responders,
employees and others is adequately protected.

5.1 SAFETY STANDARDS

There are numerous and redundant safeguards built into the hardware and
management systems of lithium-ion battery systems to help mitigate the risk of a thermal
event. The Project will adhere to the premier national standard for stationary BESS installation
(i.e., the NFPA 855 code) (the “Code”).

Moreover, the design and operation of the Project will comply with international,
national and state safety requirements standards, and best practices, including but not limited
to the following.

° Battery design requirements, driven by safety standards from organizations

such as UL or International Electrotechnical Commission (“IEC”)

o UL 1642 Standard for Lithium Batteries

o UL 1741 Standard for Inverters, Converters, Controllers and Interconnection
System Equipment for Use with Distributed Energy Resources

o UL 1973 Standard for Batteries for Use in Light Electric Rail (LER) Applications
and Stationary Applications

o UL 9540 Standard for Energy Storage Systems and Equipment

o UL 9540A Test Method for Evaluating Thermal Runaway Fire Propagation in
Battery Energy Storage Systems

o |EC 62619 Secondary cells and batteries containing alkaline or other non-acid
electrolytes - Safety requirements for secondary lithium cells and batteries, for
use in industrial application

° Fire codes and National Fire Protection Association (“NFPA”) standards,
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including:

o The Massachusetts Comprehensive Fire Safety Code (527 CMR 1.00);
o NFPA 1 National Fire Code;
o NFPA 855 Energy Storage Systems Standard.

5.2 MITIGATION

The Cranberry Point Energy Storage Project will utilize multiple redundant systems to
prevent and manage battery short-circuiting, overcharging the BESS, overheating and thermal
runaway, as described below.

To protect against battery short-circuiting and overcharging, the Project will use
pyrotechnic fusing at various circuit integration levels to protect the low-voltage battery
modules from faults triggered by overcurrent or the module-level battery management system
(BMS). The power electronics have DC-side Solid State Circuit Breakers integrated into the
battery enclosures, which, in part, measure the resistance between the ground and both poles.
If the resistance drops below 1,000 Q/V, a warning alarm is set off automatically and the
applicable equipment is shut down.

To mitigate hazards due to overheating, the proposed battery enclosures are equipped
with a thermal management system. This system operates by flowing a cooling liquid through
a coolant loop which travels into each module to ensure that each cell is controlled thermally.
The thermal management system undergoes a series of UL electrical tests (e.g., overcharging
or short-circuiting battery cells), environmental tests (e.g., subjecting cells to external heating)
and mechanical tests (e.g., dropping and/or physically damaging the cells). The testing is
used to ensure that a single cell failure will not cascade to cause a thermal event outside of the
battery enclosure.

Even with stringent testing, thermal events within a battery enclosure are possible. To
mitigate such an event from cascading to more significant thermal activity outside of the

enclosure, each enclosure has an automatic shut-down sequence that will occur should a
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particular battery cell operate outside predetermined values of temperature, voltage and
impedance. Additionally, a manual shutdown mechanism will be included in the Project design
in the rare event that the system needs to be shut down on site by the CFD or an operations
and maintenance professional.

If a thermal event does occur, and spreads beyond the incipient stage, the CFD will be
notified automatically by an external fire detection system. This external fire detection system,
which is separate from the thermal management system, utilizes thermal imaging cameras
located outside of the enclosures, to detect heat rise within seconds of a battery enclosure
reaching thermal runaway conditions.

Additionally, a Draft Emergency Response Plan (“ERP”) was prepared to reflect
discussions with the CFD and the Company’s consultant, ESRG, and is included herein as
Exhibit CP-11, attached.

5.3 HAZARD CONTROL

Battery technologies continue to evolve and be tested in accordance with similarly
evolving codes and standards. Tesla battery systems have undergone rigorous testing in
compliance with the standards outlined for the battery storage industry, including the national
standard for stationary BESS installation, NFPA 855. This testing will be performed as part of
the building permit process prior to construction of the Project pursuant to NFPA 855.

Per the manufacturer’s hazard mitigation analysis, unless there are conditions deemed
at risk by the CFD within the immediate area of an enclosure with a thermal runaway event
occurring, no water use is required or recommended, as the thermal event will end once the
fuel sources within the enclosure (battery cells) are consumed. However, if the CFD does
deem the use of water to be necessary, the manufacturer has indicated that there is no risk of
electric shock for fire service personnel when applying water to lithium-ion battery fires. The
use of water on an electrical system only presents a risk for very high voltages and even then,

the risk is limited.
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54 LOCAL COORDINATION

Cranberry Point has had numerous meetings with the CFD to discuss the proposed
Project, including fundamental design components, emergency vehicle access, and
emergency response plan development. Enclosures included in the proposed site design, as
opposed to housing batteries within a building structure, present easier access and promote
safety in the event of an emergency at the Project. The Project implemented several
additional recommendations from the Carver Fire Department, including:

1. A ~20-foot access road around the Project, to allow fire truck access
throughout the Project Site;

2. 8-foot spacing between battery enclosures; and

3. Coordinated emergency planning.

The Company incorporated this input and designed the Project accordingly. The
Company also included the CFD recommendations on the parameters of the Emergency

Response Plan (appended hereto as Exhibit CP-11, attached).
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SECTION 6.0 ARCHAEOLOGICAL AND HISTORICAL

On July 1, 2021, Cranberry Point submitted a Project Notification Form (“PNF”) to the
Massachusetts Historical Commission (“MHC”) for the proposed Project. On July 20, 2021, the
MHC notified the Company that the Project Site is “in proximity” to several ancient Native
American archaeological sites (1 9-PL-767; 19-PL-768). The MHC requested that an intensive
(locational) archaeological survey (950 CMR 70) be conducted within archaeologically sensitive
portions of the project impact area.

Cranberry Point is currently working with MHC to determine the extent of the
archaeological survey. The Company will supplement this Application upon the completion of
the archaeological survey. A copy of the PNF, as well as the MHC Response Letter, can be
found attached as Exhibit CP-12 and Exhibit CP-13, respectively.

No part of the Project Site includes any historic structure, nor will any aspect of the
Project be constructed within a historic district. Similarly, no part of the Project Site is listed in
the State Register of Historic Places or the Inventory of Historic and Archaeological Assets of

the Commonwealth.
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SECTION 7.0 ALTERNATE SITES ANALYSIS

Cranberry Point conducted a comprehensive analysis to determine a suitable
Massachusetts location for its 150 MWBESS.

The locations evaluated met specific requirements for a project of the size and scope
under consideration. For example, the BESS had to be located (1) adjacent to infrastructure
with available transmission capacity, (2) on a parcel of land greater than 1 acre and available for
lease or sale, (3) in an area where construction and operation of the project would have minimal
environmental impact or would not closely abut residences, (4) in ISO-NE’s “SENE” zone, and
(5) at a location on the grid where the Project could provide its maximum service potential to
local electric reliability.

As such, Cranberry Point evaluated several alternative sites as well as a ‘no-build’
alternative.

No Build Alternative

Under the No-Build alternative, the Project would not be constructed. Failure to develop
the Project would undermine ISO-NE’s capacity requirements in the SENE zone. Without this
Project, the SENE zone will face increasing volatility with the retirement of Mystic gas
generation units, the recent retirement of the Plymouth nuclear plant, and the future on shoring
of the Vineyard Wind and Mayflower Wind offshore projects. Moreover, because the Project is
likely to defer and/or alleviate the need for additional electric transmission infrastructure in the
area, the environmental benefits from the Project would not be realized. Therefore, the No-
Build alternative was not considered further.

Alternative 1 — Carver (Preferred Alternative)

The proposed Carver BESS site is an approximately 6-acre site (250,000+ square foot)
area located adjacent to and just south of the existing Eversource Carver Substation off Main
Street in Carver, Massachusetts. This location was identified as the optimal solution for multiple

reasons. First, the size of the lot, at approximately 6-acres, meets the requisite land area
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needed for a project of the size proposed. Second, as the lot is more than 400 feet from the
nearest residence, has no wetland intrusion, and no historical cranberry operations, there is
minimal, if any, economic or environmental impact on the surrounding community. Third, the lot
of land is readily available for lease. Fourth, the parcel is adjacent to infrastructure with
available transmission capacity. Fifth, the location of the Project is in an area where the
Company could readily obtain a Site Plan Review and Special Permit, with minimal impact on
the environment, but for tree clearing on the western portion of the Project Site. Sixth, the
location is in close proximity to retiring nuclear and fossil-fuel generation facilities and potential
onland interconnection points for offshore wind, combined with significant market advantages
including but not limited to, energy price volatility and compensation mechanisms available for
providing ancillary services. All of these enhance the viability of a project of this size and scope.

Alternative 2 — Wakefield

The Wakefield BESS site is an approximately 2.24-acre (97,700+ square foot) area
located adjacent to and just east of the existing Wakefield Substation off of Old Colony Drive in
Wakefield, Massachusetts. The location within the Boston load center made the Wakefield site
attractive, however, as compared to the Preferred Alternative, this location was not considered
further. First, the site is densely forested and surrounded by Isolated and Bordering Vegetated
Wetlands. Second, the site is located within 300 feet of the nearest residence. Third, this site
was not known to be located near future offshore wind interconnection points or retiring
generation. As such, the economics to develop a project at this location were not viable.
Access to the site would have required significant tree clearing and filling an Isolated Wetland in
order to construct the roadway. Given the constraints that this site would have on the project’s
development and economic viability, Wakefield was not considered further.

Alternative 3 — Falmouth

The proposed Falmouth BESS site is an approximately 2.42-acre (105,600+ square foot)

area located adjacent to and northwest of the existing Falmouth Substation off of Stephens
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Lane in Falmouth, Massachusetts. The Falmouth site is on a lower-voltage network near Cape
Cod, which presented deliverability difficulties to the Boston load center when compared to the
location and transmission network of the Preferred Site. From an interconnection perspective, a
generation tie-line would have been required in order to connect to the nearest point of
interconnection. Moreover, the site is located within 200 feet of the nearest residence, as well
as within 200 feet of the Oak Grove cemetery. While the site is an active sand and gravel pit,
and any tree removal required to construct the BESS project would be minimal, construction
would result in impacts to an Isolated Wetland. When Falmouth was under consideration, it was
not known to be located in an area where offshore wind projects were thought to tie into the
existing onshore electrical grid or near retiring generation. Thus, given these issues, the
Falmouth site was not considered further.

Conclusion

Of all the BESS sites considered, Alternatives 2 and 3 were excluded because of the
significant environmental impacts (e.g., close proximity to Isolated Wetlands and residential
neighborhoods. Additionally, Alternative 2 would result in significant tree clearing. The
Preferred Alternative location was selected because of its proximity to a crucial inter-tie point for
the 115-kV transmission systems, has no impact on wetlands, minimal tree-clearing needs, and
is more than 400 feet of the nearest residence. Given the cost, siting constraints, land area
requirements, environmental considerations and transmission analysis performed, the Preferred
Alternative is ideally located for a large, grid-improving standalone BESS project in

Massachusetts.
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SECTION 8.0 CONSISTENCY WITH COMMONWEALTH POLICIES

8.1 CONSISTENCY WITH POLICIES OF THE COMMONWEALTH

The Project, if approved, would contribute 300 MWh of energy storage toward the goals
delineated by the Commonwealth of Massachusetts in its State of Charge report and other
initiatives and mandates. As discussed below, it is designed to enhance the efficiency,
affordability, resiliency, and cleanliness of the electric grid by modernizing the way that
electricity is generated and delivered.

8.2 ENERGY STORAGE INITIATIVE

As noted above, the Baker Administration launched the Energy Storage Initiative in May
2015 with the goal of advancing the energy storage segment of the Massachusetts clean energy
industry by: 1) Attracting, supporting and promoting storage companies in Massachusetts; 2)
Accelerating the development of early commercial storage technologies; 3) Expanding markets
for storage technologies, and valuing storage benefits to clean energy integration, grid reliability,
system wide efficiency, and peak demand reduction; and 4) Recommending the developing
policies, regulations and programs that help achieve those objectives.

As part of the 2015 Energy Storage Initiative, the Department of Energy Resources
(“DOER”) and Massachusetts Clean Energy Center partnered to conduct a study, the State of
Charge (see Attachment 1, attached), to review the storage industry landscape, review
economic development and market opportunities for energy storage, and evaluate potential
policies and programs to support energy storage development in Massachusetts. DOER has
implemented many of the 2016 State of Charge report’'s recommendations to promote energy
storage in the state.

The State of Charge report identified ratepayer cost benefits of energy storage
associated with “reduced peak demand, deferred transmission and distribution investments,

reduced GHG emissions, reduced cost of renewables integration, deferred new capacity
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investments, and increased grid flexibility, reliability and resiliency.”™ The report also identified
near and long term economic and workforce benefits to Massachusetts by implementing energy
storage.®

An Act Relative to Energy Diversity, Chapter 188 of the Acts of 2016, directed the DOER
to adopt targets to achieve the state’s energy storage goals. DOER adopted a 200 MWh
energy storage target for Massachusetts Electric Distribution Companies (“EDCs”) to procure by
January 1, 2020. An Act to Advance Clean Energy, signed into law by Governor Baker in 2018,
subsequently revised that goal to a 1,000 MWh energy storage target to be achieved by
December 21, 2025. As of February 15, 2020, Massachusetts EDCs reported only 108 MWh of
installed energy storage. The Project would contribute 150 MWh of energy storage toward the
Commonwealth’s 1,000 MWh goal, while posing minimal impact to the environment by not
contributing to, and potentially reducing or displacing, GHG emissions.
8.3 CLEAN PEAK STANDARD

The Massachusetts Clean Peak Standard (“CPS”) is “designed to provide incentives to
clean energy technologies that can supply electricity or reduce demand during seasonal peak
demand periods established by DOER” (see Attachments 2 and 3, attached). According to
DOER, Clean Peak Resources contribute to the Commonwealth’s environmental protection
goals concerning air emissions, including those required by the Global Warming Solutions Act
(“GWSA”),” discussed below, by displacing non-renewable generating resources while reducing
peak demand and system losses and increasing grid reliability.

Similar to the Massachusetts Renewable Portfolio Standard, the CPS requires a

percentage of electricity delivered during peak hours to come from certain eligible Clean Peak

5 State of Charge: A Comprehensive Study of Energy Storage in Massachusetts, Emerging Technology
Division (last accessed Oct. 8, 2020), available at https://www.mass.gov/service-details/energy-storage-

study.
61d.

7 Global Warming Solutions Act, M.G.L. c. 21N, 88 1-9.
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Sources. Clean Peak Sources include Qualified RPS Resources, Qualified Energy Storage
Systems, or Demand Response Resources that generate, dispatch, or discharge electricity into
the electric distribution system during certain peak periods, or alternatively, reduce load on the
system during those periods.®

The Project is uniquely positioned to satisfy the CPS. One of the many benefits of the
Project is that it is “fully dispatchable,” capable of providing an energy source directly to the
transmission system during peak load and can store electricity during off peak periods, whereas
intermittent renewables and renewable-storage hybrid projects are unable to fully produce on
demand and are limited in their charge and discharge by implementation rules of the federal
Investment Tax Credit that they use in financing. Moreover, fully dispatchable BESS
installations like the Project can perform additional grid services that are currently provided by
traditional power plants, such as fast frequency response, virtual inertia, and black-start
capabilities to prevent catastrophic failure or restart after an outage. Standalone BESS like the
Project are thus the ideal clean facilities to achieve the objectives of the CPS because they
displace non-renewable generating sources, thereby reducing air emissions, while reducing
peak demand and increasing reliability.
8.4 GLOBAL WARMING SOLUTIONS ACT

The 2008 Global Warming Solutions Act (“GWSA”) required a 25% reduction in
greenhouse gas (“GHG”) emissions from all sectors of the economy below the 1990 baseline
emission level by 2020, and mandates at least an 80% reduction by 2050. The Executive Office
of Energy and Environmental Affairs is working toward the development of the Massachusetts
Decarbonization Roadmap to 2050 that will identify “strategies, policies, and implementation

pathways for MA to achieve at least 80% GHG reductions by 2050, including multiple pathways

8 See 225 CMR 21.02, “Clean Peak Resource.”
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to near zero emissions.” On January 21, 2020, Governor Baker announced the
Commonwealth’s intent to pursue the more aggressive near zero target to further reduce
emissions.

The GWSA requires that the Secretary of Energy and Environmental Affairs, in
consultation with the MassDEP and DOER, adopt separate statewide GHG emissions limits for
2020, 2030, 2040, and 2050. On April 22, 2020, the Secretary established a 2050 statewide
emissions limit of near zero greenhouse gas emissions defined as follows:

A level of statewide greenhouse gas emissions that is equal in
guantity to the amount of carbon dioxide or its equivalent that is
removed from the atmosphere and stored annually by, or
attributable to, the Commonwealth; provided, however, that in no
event shall the level of emissions be greater than a level that is 85
percent below the 1990 level.°

Approval of the Project would contribute to the Commonwealth’s achievement of
important health, environmental, and energy policies, including meeting the Commonwealth’s
2050 near zero emissions goal under the GWSA. Battery storage facilities increase the energy
efficiency of the electric grid with minimal environmental impacts. As described throughout this
Petition, there is no waste produced by energy storage systems and no fuels emitted by the
BESS. Furthermore, the system increases grid reliability during peak load times, and can
perform other grid services, thereby offsetting the need for additional fossil-fuel fired peaking
units, further reducing greenhouse gas emissions and limiting the environmental impacts of

such projects.

9 See MA Decarbonization Roadmap, Massachusetts Executive Office of Energy and Environmental
Affairs (last accessed Oct. 8, 2020), available at https://www.mass.gov/info-details/ma-decarbonization-

roadmap.
10 Determination of Statewide Emissions Limit for 2050, Executive Office of Energy and Environmental

Affairs (Apr. 22, 2020), available at https://www.mass.gov/doc/final-signed-letter-of-determination-for-
2050-emissions-limit/download.
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ESRG

ENERGY SAFETY
RESPONSE GROUP

PLUS POWER - CRANBERRY POINT
ENERGY STORAGE PROJECT:
EMERGENCY RESPONSE PLAN (ERP)

Draft ERP 3 August 2021 Version 1.0

Summary
This document is an emergency response plan for the Plus Power - Cranberry Point Energy Storage Project

located at 31R Main St., Carver, MA 02330.

This ERP provides information and instruction to guide first responders in preparing for and safely responding
to an accident, fire, or other emergency associated with the Cranberry Point Energy Storage Project.

Life safety shall be the highest priority during any type of event.

Important Note on Document Status

This document will remain as a “DRAFT” and is subject to further update, and will be finalized upon completion of the
construction and commissioning of the Cranberry Point Energy Storage Project

Paul Rogers

Paul.Rogers@energyresponsegroup.com

© Copyright, Energy Safety Response Group LLC, 2021
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Document Review, Issuance and Revisions

Reviewed by:

Paul Rogers, Principal Founder Casey Grant, P.E., Senior Consultant
Energy Safety Response Group (ESRG) Energy Safety Response Group (ESRG)
Date: Date:

Issuance and Revision Summary:

Action Version Date Description / Comment
Issuance 1.0 3 August 2021 | Initial issuance of draft document for review.
Revision
Revision
Revision

Note: The information in this ERP is subject to change while in draft status, potentially due to modifications to
equipment or other factors affecting the design of the system.
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1) Site Overview

Project Owner:

Applicant — Cranberry Point Energy Storage, LLC (developed by Plus Power, LLC)
Owner — Cranberry Point Energy Storage, LLC

Site Area — 186,436 SF

Current Use — Undeveloped; wooded (Cranberry bogs to the south of Project Site)
Proposed Use — Battery Energy Storage System

Site Location:
31R Main St., Carver, MA 02330; located next to Eversource substation.

Equipment on Site:

o Major equipment on site will consist of up to 128 cabinet style enclosures containing lithium-
ion batteries. PCS and thermal management systems are integrated into the battery
enclosure and not separate equipment. Included are 58 MV step up transformers.

o 150MW/300MWh system located in Carver, MA that will be interconnecting to the
Eversource grid at 115kV, adjacent to a large substation.

o BESS equipment on site will consist of up to 1.0 MW and 3.0 MWh battery energy storage
system (BESS) free-standing enclosures. Each BESS battery enclosure has up to 20 modules,

thermal management units, an AC auxiliary power distribution system, a DC power
distribution system. The output voltage of each enclosure is approximately 480 VAC.

o The AC output of the inverter (PCS) is connected to the low side of the medium voltage

transformer. The high side of the medium voltage transformer is connected to the electric

grid.

None of the enclosures are intended to be entered.

Only onsite personnel present will be for maintenance purposes.

No onsite disconnect outside of the BESS inverter local disconnect.

Responder Knox box location: At the Northern entrance gate near the cell tower (TBD). It

contains the following information: TBD

o O O O
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2) Emergency Contacts

Local & State Emergency Response Agencies:
Emergency: 911

Carver Fire Department:
Address: 99 Main St., Carver, MA 02330
Phone: 508-866-3440 (non-emergency)
o Deputy Chief Eric Germaine
O Assistant Deputy Chief Jesse Boyle (code enforcement officer)
https://carverfire.org/company/chief-officers/

Carver, MA Police Department:
Address: 112 Main Street, Carver, Massachusetts, 02330
Phone: 508-866-2000

Local Hospital: Beth Israel Deaconess Hospital in Plymouth, 275 Sandwich St, Plymouth, MA
02360 - 24 hr emergency room

Local Trauma Center: South Shore Hospital, 55 Fogg Rd, South Weymouth, MA 02190 - Level Il
Trauma Center

Local Burn Center: Massachusetts General Hospital 55 Fruit St GRB 1300, Boston, MA 02114
(likely would transport aeromedical unless conditions prevented)

BESS Emergency Call Center: Tesla for the BESS emergency
Available 24/7:  1-650-681-6060

Subject Matter Expert (SME) Chris Quaranta, Director - Engineering & Construction, Plus
Power (until NOC or O&M contract in place; additional SME to be determined)

Dated 3 August 2021; Version 1.0
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3) Site Map
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Imagery ®2021 Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Google, U.S. Geological Survey, Imagery ©2021 TerraMetrics, Map data 82021 2 mi

Figure 1 — Cranberry Point Energy Storage Project
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Figure 2 — Carver, MA Fire Department Response Distance
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Figure 4 — Conceptual Drawing
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Figure 6 — Southwest View
towards Cell Tower
(view as of 13/Jul/2021)

Figure 7 — North of Site — View to the West of
Eversource Substation (view as of 13/Jul/2021)
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4) System Specific Fire Protection & Safety Controls

4.1) Condition Monitoring & Alarming:

Conditions inside the Tesla Megapack system are continuously measured for temperature,
current, state of charge, and voltage sensor information, and can be accessed remotely through
the Network Operations Center (NOC). Although the data is also available on the LCD screen on
each enclosure, the screen on the exterior of the unit shall not be approached when risk of fire
or explosion exists.

Fire detection for each BESS unit consists of Battery Management System (BMS) data available
through the NOC and an external multi-spectrum infrared camera for the site. Upon detection
of an overtemperature or fire incident, the alarm condition will be transmitted to a Network
Operations Center and a Central Monitoring Station that will in turn send an alarm to the Carver
FD Dispatch Center. The following is an example of a typical infrared camera mounted to a pole
for exterior detection of heat and fire events emanating from a Megapack Unit:

Figure 8 — Example of Thermal Camera for Fire Detection

4.2) Considerations for Incidents and Emergencies

4.2.1) Incidents

For inverter faults, isolation faults, and internal loss of communication that prevent the safe
operation of the system, Tesla’s monitoring system will automatically alert the Tesla NOC to
initiate a corrective action remotely or to dispatch an in-person field visit. The project will also
have an O&M provider and 24/7 NOC in place prior to the system going live, which will also be
monitoring these conditions.

4.2.2) Emergencies

4.2.2.1) Thermal Runaway/Fire

For the Tesla Megapack, testing has shown that a propagating thermal runaway event due to
internal causes is very unlikely due to physical internal separation elements and the battery
module’s design, which requires multiple co-located cells to go into runaway at the same time.

Dated 3 August 2021; Version 1.0
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External factors, including a large impact that damages many cells at once or a pro-longed
exposure to an intense external fire, could create a propagating thermal runaway event that may
spread throughout the entire enclosure.

In such a case, it is likely that all battery modules will consume themselves. In the event of a fire,
the design approach is for the Megapack contents to be fully consumed based upon data from
UL 9540A installation level tests.

If a propagating thermal runaway occurs, over-temperature faults isolate the concerned
Megapack by first disconnecting the affected battery module, and then opening the AC
contactors. All faults are monitored passively by the Tesla computer system which then will be
relayed to the NOC that will review and act accordingly. This NOC is TBD prior to commissioning.

While testing has shown that the system performs in a safe and controlled manner, fully
consuming itself slowly over a period of a few hours, without explosive bursts, deflagrations, or
unexpected hazards, the decision to apply external suppression to the troubled enclosure and
adjacent units is ultimately at the discretion of the incident commander.

4.2.2.2) Explosion / Deflagration Control

Tesla utilizes over-pressure vents and a proprietary sparker system to manage potential
deflagration.

Figure 9 — Tesla Megapack — View 1

Dated 3 August 2021; Version 1.0
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Figure 10 — Tesla Megapack — View 2

Tesla’s proprietary sparker system prevents a dangerous buildup of gases within the enclosure
by combusting flammable off-gases during a runaway event.

The vents mitigate the effects of over-pressure by directing all gases, smoke, and flame out of
the top of Megapack and ensure the front doors remain shut for the safety of nearby exposures
and personnel. The vents are passive and are not
actuated or controlled. Their rubber seals are designed | Emergency responders and others may
to release over-pressure events (including arc flash observe a continual sparking within

events) or melt out during thermal runaway events. cabinets at certain locations. Thisis a
normal operational feature of the unit,

i.e., the “sparker system”, which is part
of the automatic safety system to
prevent a dangerous build-up of gases
within the enclosure.

Co-located with the vents are one-way “umbrella”
valves that help exhaust and disperse runaway gases to
help minimize gas concentrations inside the enclosure.

The sparker system is always on and is powered by internal battery power, and thus will remain
operational even during loss of grid power or if an external shutdown is triggered for the battery
equipment. If an event were to occur under these conditions, the sparker system and
corresponding overpressure vents would still operate as described.

Dated 3 August 2021; Version 1.0
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5) Potential Hazards

There are five major risks posed by lithium-ion battery failures. They are electric shock, arc flash,
fire, explosion, and the by-product from off-gassing. During failure, a lithium-ion battery may
emit tens to hundreds of liters of off gas,
and larger failures may emit thousands of
liters of gas.

Indicators which may provide insight into what is
happening or about to happen during an incident
may include:

o Smoke or flame

o Change in smoke color.

o Change in velocity or volume of smoke

o Electrical equipment - Electrical
equipment shall always be treated as
energized. Associated hazards include production.
electric shock, arc flash, and fire. o Sounds — popping and/or hissing sounds.

o Smell — sweet smell

o Overhead power lines — Overhead
power lines shall always be treated as energized. Associated hazards include electric shock,
arc flash, and fire. For locations see facility site plan, Appendix C.

o BESS electrical equipment — BESS electrical equipment including batteries shall always be
treated as energized. A BESS does not have a single point of disconnect to electrically isolate
all components from each other. There are disconnects that will de-energize select parts of
the system, but the batteries themselves will remain energized.

o BESS battery fire — Battery fires present
unique hazards, including stranded energy
and re-ignition risk.

Typical composition of off-gassing event may
include:
e High concentrations (>10%)

o Hydrogen
o Carbon Monoxide
o Carbon Dioxide
e Lower Concentrations (<10%)
o Methane
o Ethane
o Other flammable hydrocarbons

o BESS off-gassing — Lithium-ion batteries
release flammable and toxic chemicals when
subjected to electrical or physical damage,
including fire. Chemicals released can also
pose an inhalation hazard.

o BESS explosion/deflagration — Although the approach that is taken with the Tesla Megapack
mitigates the buildup of gases by burning them from the outset of any potential release,
responders should be aware that unexpected situations may arise and a safe standoff
distance from the troubled enclosure is recommended.

o Water run-off — Water run-off could be considered contaminated, and all efforts should be
taken to minimize unnecessary firefighting water contamination of the surrounding
environment. Robust drainage and water run-off features are included in the design of the
facility to capture credible worst case water discharge. Two water runoff containment areas,
known as infiltration basins are provided. One will be installed in the Western Storage area,
and one will be installed in the Eastern Storage area. The basins are designed to provide water
quality treatment and to control the peak discharge from 2-year and 10-year storms. In the

Dated 3 August 2021; Version 1.0
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event of a fire or emergency the basins are designed to capture and contain water runoff
from potential cooling efforts to the BESS units adjacent to the troubled enclosure that may
be smoking or burning. The design specifically avoids runoff towards the adjacent Cranberry
Bogs. Itis not anticipated, nor advised, that special extinguishing agents such as foam should
be used throughout the incident. A plan, similar to an electrical substation Spill Prevention,
Control, and Countermeasure (SPCC) will be put in place to contain and remove from the site
runoff from these areas throughout the life of the incident.?

6) Potential Site-Specific Hazards

o Residential Exposures - Potential site risks to the local community are minimal due to the
remote location and nature of the site. Private residences in the vicinity are remote with
the closest residence approximately 400 feet to the west of the project site's fence line.
However, the closest proposed battery enclosures are approximately 650' away, and are
sufficiently distant such that smoke or off-gas from the battery container are not expected
to pose a risk.

o Electrical Substation — The BESS project is in the vicinity is an Eversource Carver
Substation. The exposure threat between these facilities is minimal. If necessary,
protective measures should be taken for the electrical substation. This includes taking
requisite protective measures, including sufficient standoff distances, using fog patterns
for hose lines with only potable water, and other precautions for energized electrical
equipment.

o Adjacent Buildings and Structures - Nearby is a Cell Tower and service structures, and
these are normally not occupied but may contain its own battery system and electrical
equipment. The outside of these structures should be monitored and cooled should it be
necessary.

o Wetlands and Cranberry Bogs — Nearby wetlands require special consideration for
firefighting water discharge control. The BESS project is located outside of the 100’ buffer
zone for run-off. The nearest cranberry bog is located approximately 60' to the South of
the nearest BESS unit.

o Surrounding Wooded Area — The BESS project location will be cleared approximately _50
ft from BESS project and maintained free of foliage and growth. Access roads are
indicated in the Appendix in Figure C1. The access pathways throughout the Project site
will be gravel/crushed stone. Emergency access path is planned from Eversource's
existing Carver substation to the north of the site.

! Additional Information on water runoff containment can be found in the Stormwater Report produced by AECOM
Environmental Engineers for the Cranberry Point Energy Storage Project.

Dated 3 August 2021; Version 1.0
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7) Required Personal Protective Equipment

Full firefighter protective gear shall be worn in any response to a fire and/or explosion event or
any indication a fire may be present. This shall include proper use of Self-Contained Breathing
Apparatus (SCBA).

If no fire or explosion risk is present, AR protective clothing to protect against arc flash and shock
shall be worn. Jewelry such as necklaces shall be removed to avoid contact with any electrical
hazard.

Dated 3 August 2021; Version 1.0
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8) Emergency Response Recommendations

Initiation of emergency response shall be activated per current protocol. If there is any threat or
potential threat to life or safety, 911 shall be called immediately to summon the aid of public
safety responders. An initial scene assessment shall be conducted from all sides (360-degree
scene size-up) if possible, and a clear concise assessment shall be given to incoming responders.
Hazards and facility safety concerns such as high voltage areas or other electrical concerns shall
be announced to all responders. The scene assessment shall include the following in plain
language (No code or terms):

Where the incident is located,

What has happened,

What is occurring,

Any injuries or unaccounted for individuals,
What the needs/resources should be requested.

0 0O O O O

An Incident Command System (ICS) shall be established immediately and shall include
designation of roles. The primary command post location will be at a to-be-determined location

If public safety is summoned to the incident, the ICS shall be a Unified Incident Command
System.

Onsite staff and visitors shall immediately go to a designated muster point for accountability,
which will be the command post location unless designated differently by Incident Command.
Incident Command shall designate the individual in charge of accountability. Accountability shall
be reported as soon as possible. If available, another individual shall control any traffic and guide
first responders into the scene.

At the same time as these activities are occurring the Emergency Contact shall immediately
establish available data from the Battery Management System (BMS) and communicate this to
the appropriate incident command individual.

Dated 3 August 2021; Version 1.0
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9) Specific Recommendations (By Type of Emergency)

9.1) Fire
When sensors within the BESS enclosures (e.g., BMS) detect The batteries in this facility
conditions that indicate a fire, an audible alarm will sound, and a | gre designed to NOT spread

visual strobe will flash on the enclosure exterior. Smoke and if a specific unit fails and
flame may be visible from the outside of the BESS enclosure. Fire | begins to burn. The primary
growth can be slow, fast, or ultra-fast (e.g., deflagration) in approach is to protect
nature. exposures as needed and let

the unit burn itself out.

A safe stand-off distance shall be maintained between individuals
and the BESS enclosure exhibiting fire conditions. Staging of personnel and equipment shall be
on the angles of the BESS enclosure, to stay out of the potential blast radius of any doors or other
potential projectiles. Attempt to extinguish the fire only if imminent threat to life safety exists.

If there is no immediate threat to life safety:

1. Allow the BESS to burn in a controlled fashion until all fuel sources
Unless thereisan | jnside are depleted.

L . A defensive approach should be considered utilizing water to cool

st,-t:,,l,{f::;,j;eet::; and protect adjacent exposures and mitigate the spread of fire to areas

St outside of the fenced installation. Remove or protect adjacent vegetation

attack should be through routine maintenance program to avoid providing an additional
used. fuel source which may aid the spread of fire.

3. Remember that even after the BESS is isolated from the electric
grid there will still be considerable stored energy in the batteries that poses a potential
electric shock hazard to anyone in the nearby vicinity.

Chemicals released during a fire or explosion will be in a *FEEEX WARNING *****
gaseous form and primarily pose an inhalation hazard. A fog | The risk of battery re-ignition
pattern from a handline or monitor nozzle may be an effective and/or secondary ignition
way to control the off-gassing event on the exterior of the | remains presentfor hours or
battery container from migrating to unwanted areas. ST LD after.tl_re.
However, if water is used in extinguishing flames, these gases smoke/flame was initially

b ids which Kin irritati detected. Even if a lithium-ion
can become acids which may cause skKin irritation. battery fire has been

extinguished, there is still a
Water curtains or hose streams may be applied to adjacent risk of re-ignition.

exposures for cooling purposes. If any indicators are present
of damage or heat to an adjacent system, the BMS data shall be closely monitored for the
adjacent system and relayed to the appropriate individual within the Incident Command System.

Following partial or complete consumption of the system by fire, batteries may continue to emit
low levels of flammable gases and dangerous levels of toxic gases for an extended period of time.
Continuous monitoring of gas levels in and around the incident location is recommended to be
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conducted and use of mechanical ventilation may be utilized to manage gas levels. Full firefighter
PPE and SCBA shall be utilized until gas levels are confirmed to be at a safe level. A Firewatch
shall be performed for a minimum of 24 hours after any fire incident.

The initial Fire Department water supply will be from fire apparatus and water tankers (tenders)
for shuttling water to the site. Secondary water sources if needed include local bogs and ponds.

9.2) Deflagration/Explosion

Tesla Megapacks are designed to minimize the potential of a deflagration or explosion occurring.
Still, a safe stand-off distance shall be maintained between individuals and the BESS enclosure
exhibiting fire conditions. Staging of personnel and equipment shall be on the angles of the BESS
enclosure, to stay out of the potential blast radius of any doors or other potential projectiles.
Attempt to extinguish the fire only if imminent threat to life safety exists.

Lithium batteries off-gas when heated or when subjected to electrical or physical damage. These
gasses can accumulate inside the battery container at levels above the Lower Explosive Limit
(LEL). While itis highly cautioned against that an enclosure door be opened during an off-gassing
or fire event, should the need arise, the following precautions shall be taken:

o The responder, if preparing to open any door or compartment, shall stand to the side to
eliminate the risk of being directly in the path of the blast pressure if an explosion were
to occur.

o Gas monitoring should be continuously conducted, and gas meters shall be affixed to all
responders to warn of potential atmospheric risks.

o Gas readings outside the battery cabinet, if the doors remain closed, should not be
considered indicative of conditions inside the enclosure.

o Any ignition source inside or near the BESS enclosure can potentially cause the flammable
gasses to ignite and/or explode.

9.3) Electric Shock

All BESS systems and related electrical equipment shall always be treated as energized
(Energetic Hazardous Material).

Even though a battery may look to be destroyed by fire and/or other means, there is great
potential that the battery still has stranded energy and remains energized. De-energization of
the system or any removal of the battery or battery component shall only be performed by a
trained and competent individual with appropriate PPE.

Note: ESRG strongly advises against the fire department attempting to overhaul the Megapack
enclosure as there are considerations for handling damaged batteries requiring equipment and
expertise not readily available. Once the scene is secured, these actions may be undertaken by
trained experts under close supervision.
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9.4) Arc Flash *xkFk CAUTION *****
Always treat the batteries
All BESS systems and related electrical equipment shall always be as Energetic Hazardous

Material, as they will
maintain their state of
charge (5OC) long after

being isolated.

treated as energized (Energetic Hazardous Material).

Qualified PPE and training is required when working or accessing
equipment within an Arc Flash Boundary. In general, when in
direct proximity of the battery enclosure, wear non-melting or untreated natural fiber long-
sleeve shirt, long pants, safety glasses, hearing protection, and leather gloves. AR plant clothing
is also acceptable. Maintain arc flash boundary until completion of any particular task.

Arc Flash Boundary for Tesla Megapack Batteries at 100% SOC: (TBD during the engineering
design process)

9.5) Chemical Release

The BESS site perimeter should not be entered during a fire or off-gassing event unless there is
an imminent threat to life safety, at which time only properly trained and equipped public safety
personnel may enter. This entry shall be with full firefighter protective gear to include self-
contained breathing apparatus (SCBA). The entry in this situation shall be at the sole discretion
of the officer in charge (OIC).

Chemicals consumed during a thermal runaway event will produce copious amounts of smoke.
However, if water is used in extinguishing flames, these gasses can become acids which may
cause skin irritation.

9.6) Drainage and Water Run-Off

The area surrounding the BESS project includes wetlands and cranberry bogs, and special
attention should be given to water run-off from firefighting efforts. The facility has significant
drainage capabilities built into the site location as mentioned in section 5 of this ERP (Water run-
off). A containment and removal plan, similar to an electric utility substation SPCC is to be
employed prior to commissioning.

Dated 3 August 2021; Version 1.0
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10) System Specific Fire Protection & Safety Controls

10.1) Site Alarm Panel
To be determined.

10.2) Audible Alarm
To be determined. The purpose will be to alert any person in the immediate area of the facility.

10.3) Emergency Stop (E-Stop)
To be determined. These are located at multiple locations in and near the facility, and specifically
at

It should be noted that there is no delay in the activation of the emergency stop button (E-Stop).
Always treat the batteries as Energetic Hazardous Material as the batteries will maintain their
state of charge (SOC) and are energized up to the switchgear.

The following summarizes the E-Stops for this facility. (Note: Additional information on E Stop
design and location will be provided, along with the process for remote activation via the NOC as
the plan nears finalization.)

e Installation E-Stop Conceptual Design — These are located at . The
purpose is to disconnect the inverter from the grid.

e Battery Enclosure E-Stops — These are located on each battery enclosure. The
purpose is to open contacts and isolate individual Megapack units.

Power isolation and shut-off should be conducted in coordination Always treat the batteries

with the facility SME (see Appendix D). The following is excerpted as Energetic Hazardous

from the Tesla ERP for Emergency Power Shutoff: Material, as they will
1) If an external E-stop button or remote shutdown contact maintain their state of
to Megapack is present, engage it. charge (SOC) long after the

2) If Megapack is serviced upstream by an external AC activation of E-Stops.

breaker or disconnect, open the breaker or disconnect.
3) Only if safe to do so, open the customer interface bay door to access the AC breaker,
remove the DC lockout key, and apply Lock Out, Tag Out (LOTO) if needed.

Dated 3 August 2021; Version 1.0
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Appendix A — Safety Data Sheets (SDS)

If the information is available and able to be shared, insert SDS(s) for the TESLA Megapack and
any other hazardous materials or processes that are important to the local emergency
responders.

Dated 3 August 2021; Version 1.0
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Appendix B - Site Specific Signage, hazards, placarding: (Example Signs)

ENERGY STORAGE

SYSTEMS

TYPE OF TECHNOLOGY
SPECIAL HAZARDS
EMERGENCY NUMBER
SUPRESSION SYSTEM

Figure B1 — Example of ESS Signage

HIGH
VOLTAGE

ELECTRICAL
' SHOCK HAZARD

e - L

Figure B2 — Example of Danger Signage

Dated 3 August 2021; Version 1.0
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Appendix C — Proposed Site Layout

Cranbery Point Energy
Storage System

Cranbery Paint Energy
Storage, LLC

Eversource's
substation facilities to be
located here

Figure C1 — Proposed Site Layout

Dated 3 August 2021; Version 1.0
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Appendix D — Subject Matter Expert (SME) Incident Response

The following information outlines Plus Power’s plan for responding to an incident at the BESS
installation site. Response is based on one or more qualified Subject Matter Experts (SMEs)
responding to the site to support the local fire department and other emergency responders.
This covers initial alarm activation, representative response, representative qualifications,
anticipated actions, transition of command, recovery and/or decommissioning process.

D-1) Notification. Plus Power will be utilizing Tesla’s Network Operations Center that operates
24/7 monitoring the safety and health of the BESS Installation. Based on remote monitoring,
when certain thresholds are reached an alert signal will be sent to a Central Station that in turn
transmits to the Carver Fire Department Dispatch Center. As per response protocols that will be
developed in conjunction with the local fire department, an alarm will be generated for response.

D-2) SME Response. Plus Power will dispatch a representative (SME) to the scene within time
frames acceptable to the local fire department. The representative that responds to the scene
will have the following background and duties:
o A working knowledge of the energy storage system and the safety concerns of lithium-
ion batteries;
o Fire Service operational familiarity;
o Specific familiarity with the ERP, design, and fire protection as pertains to the BESS
installation;
o SME will interpret this information for the IC at the site;
o Upon arrival SME will confer with the IC and assist in the development of a tactical
action plan; and
o SME will remain available to advise all stakeholders on the risks posed by the system.

D-3) Responsibility. Plus Power SME Representative will assume responsibility for securing the
scene, assuming the fire has been contained, or will provide guidance based on available data
and expertise on how to contain the fire or event. The Plus Power Representative will also:
o Determine whether a hazmat mitigation effort is necessary and will coordinate with
hazmat partners to perform work if necessary; and
o Will coordinate with the local fire department, if necessary, to establish a fire watch
and isolate any other affected parts of the system.

D-4) Scene Coordination. Upon securing the scene Plus Power personnel will coordinate with
Tesla remotely to:
o lIsolate the affected system if not already accomplished;
o Assess the condition of adjacent systems;
o Return the system to operation if safe to do so and with consultation of fire
department command,;
o Establish a perimeter around the installation ensuring the fenced area is secure;

Dated 3 August 2021; Version 1.0
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o Begin the process of determining how to render safe the affected system and/or
return it to service;

o Alternatively, begin the process of safely decommissioning the system by making the
appropriate notifications and beginning to develop a recovery plan; and

o Determine next steps for performing a fire investigation and which parties should be
notified.

D-5) Restoration Work. Tesla Megapack strategy of allowing the troubled unit to consume itself
serves to limit the amount of stranded energy that would need to be dissipated during the
restoration phase of the event.

During restoration, investigation, and disposal, the SME will:
o Work with stakeholders to determine what degree of restoration may be performed with
respect to continuity of operations, spoliation of evidence, and overall safety;
o Act as investigator for Plus Power or help begin and facilitate investigation process; and
o Work with hazmat and disposal partners following completion of the investigation to
ensure the system is properly secured and to determine the appropriate course of action
for disposing of the system.

Dated 3 August 2021; Version 1.0
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Appendix E — ESS Information Card (EIC)

This section provides the fundamental site information that is important for emergency
responders to an emergency incident at Cranberry Point Battery Energy Storage Project.

ESS Information Card (EIC)

Cranberry Point Battery Energy Storage Project
31R Main St., Carver, MA 02330

Local & State Emergency Response Agencies: Emergency: 911
Facility Emergency Contact Phone Number: Plus Power

Access point (1]

:-rcuccl.\um.\r.m ar|-
[=1.

facilit

a
Eversource's

substation facilities to be
located here

Facility Overview

Provide color coding in above drawing for all key features (with a legend) that are important
for emergency responders, such as BESS, nearby exposures, access roads, water supply
locations, rendezvous points, drainage etc.

eS|
Typical Battery Energy Storage Unit (multiple on-site)

EIC Sheet 1 of 2

Dated 3 August 2021; Version 1.0
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ESS Information Card (EIC)
Cranberry Point Battery Energy Storage Project

31R Main St., Carver, MA 02330
EVENT: Fire: EVENT: Deflagration/Explosion:
Include key ERP details Include key ERP details
EVENT: Electric Shock: EVENT: Arc Flash:
Include key ERP details Include key ERP details
EVENT: Chemical Release: EVENT: Water Run-Off:
Include key ERP details Include key ERP details
Communications: Emergency Stop:
Include key ERP details Include key ERP details
Alarms: Key Contacts:
Include key ERP details Include key ERP details

EIC Sheet 2 of 2

Dated 3 August 2021; Version 1.0
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Table 1
Thermal Runaway Event Summary

Save The Pine Barrens - MA
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Facility

Location

Facility Size

Date

Duration

Sources (Partial List)

AES Corporation

Chandler, Arizona

10 MW

April, 2022

13 days (April 18- May 1)

Dhttps://santansun.com/2022/05/12/chandler-fire-learns-much-from-lithium-
battery-fire/
2)https://www.power-eng.com/energy-storage/batteries/cause-of-battery-
storage-fire-in-arizona-under-investigation/
3)https://www.datacenterdynamics.com/en/news/4mw-of-aes-lithium-batteries-
burn-in-chandler-arizona/

Neoen

Victoria, Australia

300 MW

July, 2021

Approximately 3 days

T)https://www.datacenterdynamics.com/en/news/300mw-tesla-megapack:
battery-storage-site-in-australia-catches-fire/
2)https://www.bestmag.co.uk/teslas-lithium-ion-megapack-causes-three-day-
fire-during-test-australian-300mw-ess/
3)https://www.theguardian.com/australia-news/202 1/aug/02/tesla-big-battery-
fire-in-victoria-burns-into-day-three
4)https://cleantechnica.com/2022/05/13/heres-what-tesla-learned-from-last-
years-megapack-fire-in-
australia/#:~:text=Experts%20at%20Fisher%20Engineering%20and,within%2
0the%?20Meoanack's%? 0bhatterv%?20modules

APS-Energy Storage System|

Surprise, Arizona

April, 19 2019

Not specifics identified, appears
to have been contained in less

than one day.

D)https://www.power-eng.com/energy-storage/aps-probe-2019-battery-fire
caused-by-thermal-runaway/
2)https://fsri.org/research-update/report-four-firefighters-injured-lithium-ion-
battery-energy-storage-system
3)https://www.greentechmedia.com/articles/read/lg-chem-battery-cell-
memicken-arizona-fire

Vistra Energy Storage

Facility

Moss Landing,
California

300 MW

February 13, 2022 and
September 4th (very
similar events at the

same facility)

Appears to have been contained

in less than one day

D)https://www.saurenergy.com/ev-storage/the-top-5-lithium-ion-battery:
mishaps-and-lessons-
therein#:~:text=0n%20the%20evening%200f%20February,took%20place%20
n%20September%202021.
2)https://www.energy-storage.news/investigation-begins-into-overheating-
incident-at-worlds-biggest-batterv-storage-facilitv,
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Table 2
Air Pollutants Summary Table

Save The Pine Barrens - MA
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Hazardous Air

Chemical Name CAS# Pollutant (HAP) B BRI AN KO 2 S NUIL LT Reference
(Y/N) (Y/N) (Y/N)
1,3-Butadiene 106990 Y Y Naval Research Lab 2014 - Table 15
1,4-Dioxane 123911 Y Y Naval Research Lab 2014 - Table 15
Benzene 71432 Y Y Naval Research Lab 2014 - Table 13
Carbon Monoxide 630080 Y Naval Research Lab 2014 - Table 13
Carbon Tetrachloride 56235 Y Y Naval Research Lab 2014 - Table 14
Carbonyl Sulfide 463581 Y Y Naval Research Lab 2014 - Table 13
Chlorobenzene 108907 Y Y Naval Research Lab 2014 - Table 14
Chromium (metal) 7440473 Y Y Lithium Battery Chemistry
Ethanol 64175 N Y Fernandes 2018 - Figure 6
Ethylbenzene 100414 Y Y Naval Research Lab 2014 - Table 15
Formaldehyde 50000 Y Y Combustion Biproduct
Hydrogen Chloride 7647010 Y Y Naval Research Lab 2014 - Table 14
Hydrogen Fluoride 7664393 Y Y Anderrson 2013 - Table 7 & 16
Methanol 67561 Y Y Fernandes 2018 - Figure 6
Nitrogen dioxide 1102440 Y Ribiere 2012
Particulate matter - Y Wang 2020
Phosphoric Acid 7664382 N Y Naval Research Lab 2014 - Table 15
Styrene 100425 Y Y Naval Research Lab 2014 - Table 15
Sulfur dioxide 7446095 Y Naval Research Lab 2014 - Table 14
Sulfuric Acid 7664939 N Y Naval Research Lab 2014 - Table 14
Tetrahydrofuran 109999 N Y Naval Research Lab 2014 - Table 14
Toluene 108883 Y Y Naval Research Lab 2014 - Table 15
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Abstract

Investigation of fire emissions from Li-ion batteries

This report presents an investigation on gases emitted during Lithium-ion battery fires.
Details of the calibration of an FTIR instrument to measure HF, POF; and PFs gases are
provided as background to the minimum detection limits for each species. The use of
FTIR in tests has been verified by repeating experiments reported in the literature. The
study reports on gases emitted both after evaporation and after ignition of the electrolyte
fumes. Tests were conducted where electrolyte is injected into a propane flame and the
influence of the addition of water is studied. Finally three types of battery cells were
burnt and emission of fluorine and/or phosphorous containing species quantified.

Key words: Lithium-ion battery fires, toxic gases, FTIR
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Sammanfattning

Rapporten beskriver tests som har gjorts pa elektrolyt i Litium-jon batterier. Elektrolyten
blandades till baserat pa litteraturdata och injicerades i en propanflamma. Olika
blandningsfaérhallanden anvandes och &ven vatten sprutades in. Gaser fran branden
samlades in och analyserades med hjalp av en FTIR. Projektet inleddes med att FTIRen
kalibrerades upp for att kunna méta HF, POF; och PFs.

Forsoken visade att det var mojligt att anvdnda FTIR for att mata dessa gaser. Dock
visade det sig i ett tidigt skede av projektet att PFs ar sa pass reaktiv att den inte finns

Page 116

tillrackligt 1ange for att detekteras. Daremot visade sig POF; finnas med i samtliga férsok.

POF; ér en gas som potentiellt & mycket giftig, eventuellt giftigare &n HF. Influensen av
vatten som sprutades in i flammorna med avseende pa emitterade gaser undersoktes .Det
gick dock inte att pavisa nagon effekt pa vilka gaser som emitteras av att spruta in vatten.

Projektet avslutades med att battericeller som kan finnas i elhybrider eldades och gaserna
analyserades. | dessa forsok mattes HF men ingen POF;. Detta berodde dock sannolikt pa
att vi hamnade under detektionsgransen for POF; i dessa férsoken.

Samtliga resultat extrapoleras och jamfordes med rapporterade emissionsdata fran
matningar gjord pa en helbilsbrand. Extrapolationen gav varden i samma storleksordning
som de storskaliga bréanderna.
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1 Introduction

Batteries are used in more and more applications and are seen as an important solution to
meet the climate goals for the automotive sector. Several types of batteries are used today
and more are developed over time.

One of the most common types of batteries today is lithium-ion (Li-ion) batteries due to
their high energy and power densities. Li-ion also offers long life time. Li-ion batteries
have, however, some safety drawbacks. Compared to many other battery technologies,
Li-ion batteries have a smaller region of stability, regarding temperatures and cell
voltage. Li-ion batteries can undergo a thermal runaway resulting in gassing and fire, and
potentially even explosion. A thermal runaway can be the result if a Li-ion cell is exposed
to increased temperatures, typically starting from 120-150 °C. Other types of abusive
conditions, e.g. overcharge or deformation can also results in venting of gasses and
thermal runaway reactions. The Li-ion cell has an organic based electrolyte which enables
its high energy and power densities, but it is also flammable.

Another feature of Li-ion batteries is the potential for emitting toxic gases. So far it is HF
(Hydrogen Fluoride) that has gained most interest as this is a very toxic gas. Other gases
that can pose a danger include the chemical species in the oxidation and thermal
breakdown of the initial LiPFg salt solution. Most likely PFs, POFz;and HF are of greatest
concern but also the fluorinated phosphoric acids can be of interest since they will give
HF and phosphoric acid when completely reacted with water. The toxicity of all these
gases is not fully established. The Swedish Work Environment Authority has exposure
limits for total fluorides, HF and phosphoric acid but lacks data for the rest of the
substances®.

The NGV for total fluorides are 2 mg/m® and HF has a TGV" of 2 ppm. NIOSH
(National Institute for Occupational Safety and Health, USA) states that HF has a IDLH
(Immediately Dangerous to Life and health) value of 30 ppm. No exposure linits are
given for PFs and POF; , however their chlorine analogues, PCls and POCI; have NGV
values of 0.1 ppm. The toxicity might, however, differ between the chlorine and fluorine
species and there is no general rule like “fluorine is always more toxic”. But, still, the
limits are low and gases evolved from battery fires are certainly of great concern to both
the fire fighters, people in the vehicles and in the close vicinity of the fire. Both of these
gases are very reactive and very few measurements have been performed on these gases
in the literature. Yang, Zhuang and Ross® report measurements conducted using TGA
(Thermal Gravimetry Analysis) and FTIR (Fourier transform Infra Red) on pure LiPFg
salt and salt solved in EC, PC, DMC and EMC but so far little or none work has been
published on emissions of these gases from fire scenarios.

One important aspect for Li-ion batteries is the possibility to extinguish a fire in them.
Several different types of advice are available such as using copious amounts of water or
sand or letting the battery burn. There are, however, several situations when it is not
possible to allow a battery fire to continue, e.g. if someone is trapped in a car. It is,
therefore, important to investigate different extinguishing means together with the toxic
gases emitted during extinguishment.

The work presented in this report includes calibration of an FTIR equipment to be used to
measure HF, POF; and PFs to analyse smoke from fire tests. The technique developed is

' "Nivégransvarde” Mean value threshold in a working environment
" "Takgransvarde” Maximum allowed concentration in a working environment
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then used in different heating and combustion conditions in different scales. The impact
of water on the combustion gases is also investigated.
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2 FTIR instrumentation

The instrument used for analysis of the emission products in the fire tests reported here
was an FTIR spectrometer. Fourier transform infrared spectroscopy (FTIR) is a general
technique used to obtain an infrared spectrum of absorption from a solid, liquid or gas.
An FTIR spectrophotometer uses an interferometer to simultaneously collect spectral data
over a wide spectral range, in the form of an interferogram, which is different from
classical dispersive spectroscopy, which sequentially collects data at each wavelength. A
Fourier transform is a mathematical algorithm used to convert the raw data into a
spectrum, corresponding to the spectrum resulting from a classical scanning dispersive
spectrometer. The use of an interferometer gives two main advantages in comparison with
the traditional dispersive spectroscopy: First, all wavelengths are collected in principal
simultaneously. Second, the interferometer throughput is higher compared to dispersive
methods which gives a higher signal.

The measurement system used here consisted of an FTIR spectrometer, a gas cell,
sampling lines, filters for removing particulates before the gas cell and a pump that
continuously drew sample gas through the cell. The system is specified in Table 1.

Table 1 Specification of the FTIR measurement system.

Instrumentation Specification

Spectrometer Thermo Scientific Antaris IGS analyzer
(Nicolet)

Spectrometer parameters Resolution: 0.5 cm-1

Spectral range: 4800 cm™ — 650 cm™ *
Scans/spectrum: 10

Time/spectrum: 12 seconds

Detector: MCT

Gas cell Volume: 0.2 litres

Path length: 2.0 m
Temperature: 180°C**
Cell pressure: 650 Torr**

Primary filter M&C ceramic filter heated to 180 °C

Secondary filter M&C sintered steel filter heated to
180°C***

Sampling tubing 4/6 mm diameter PTFE tubing heated to

180°C. The length of the tubing was 1.5 m
in the Cone calorimeter tests and 8.5 m in
the battery tests.

Pump Sampling flow: 3.5 I/min

* The spectral range used in the initial pre-study was 4000 cm™ - 650 cm™.

** In the initial pre-study and calibration the cell temperature was 170 °C and the pressure was
~740 Torr.
*** A 37 mm diameter planar filter (PTFE) heated to 130°C was used in the initial pre-study.

Photos of the FTIR measurement system connected to the Cone calorimeter are shown in
Figure 1.
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(©) (d)

Figure 1 Photos of the FTIR instrumentation. (a) Overview of the measurement set-up. (b) The
Antaris FTIR spectrometer. (c) The connection of the incoming sample gas to the
measurement cell. (d) The primary filter with the heating device (blue in front) and
heating of incoming connection with a heating gun.
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3 Fundamental Chemistry of LiPFg

When heated in a dry and inert environment LiPFs decomposes to lithiumfluoride (LiF)
and phosphorouspentafluoride (PFs(g))°.

LiPFs — LiF + PFs 1)

In contact with moisture/water PF5 reacts to form phosphorous oxyfluoride and
hydrogenfluoride. 2

PF5 + HzO - POF3 + 2HF (2)
When heated in moisture/water LiPFg can directly form LiF, POF; and HF.2

LiPFs + H,O — LiF + POF; + 2HF (3)
PFs also react with HF to form hexafluorophosphoric acid (HPFg)®:

PFs + HF — HPF, (4)
Phosphorous oxyfluoride (POF;) can react to form several fluorinated phosphoric acids,
monofluorophosphoric acid (H,POsF), difluor-phosphoric acid (HPO,F,)
hexafluorphosphoric acid (HPFg), and phosphoric acid (HsPO,)*. The fluorinated
phosphoric acids can react with water and yield HF and form phosphoric acid as a final
product. [4]:

HF HF HF

H,PO, = H,PO,F = HPO,F, = HPF, (5)
H,0 H,0 H,0
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4 Pre-study of fluorinated emission products

In order to be able to study the fluorinated emission products emitted during a potential
battery fire the FTIR to be used in the experiments had to be calibrated. The measuring
method was then also verified by conducting experiments on electrolyte and salt solutions
that were heated. The full calibration methodology is described below.

4.1 Production of calibration gases

The FTIR instrument contained a basic factory calibration for HF. This calibration was,
however, improved during the project to include more spectral information and a wider
concentration range. The calibration of HF was made using a dynamic dilution system
where a water solution of HF was injected into a heated stream of nitrogen.

In addition was the FTIR calibrated for PF;and POF;. Calibration gas mixtures were
prepared for this purpose by dilution of PF5 (99%, ABCR) and POF; (99%, ABCR) in
nitrogen atmosphere using gasbags (Flexfoil, SKC). Extra effort was put into pre-
conditioning the bags so they were free of water adsorbed to the walls. This was
necessary to be able the prepare the highly reactive PFs mixture. The concentrations
produced for the POF; calibration were: 25 ppm, 100 ppm, 200 ppm, 300 ppm and 416
ppm. While the PFs concentrations were 108 and 200 ppm, respectively.

4.2 Calibration of FTIR

The FTIR used had a calibration for a number of components when delivered from
factory. These components included e.g. CO,, CO and HF. It was seen that the factory
calibration was not sufficiently accurate for the intended use of the instrument and the
instrument was recalibrated during the course of this project. The settings of the FTIR
instrument were changed somewhat (see Table 1) for the recalibration, which meant that
measurements made before the recalibration could only be evaluated semi-quantitatively
using recalibration data. This was not a problem, however, as the new calibration data
was used in the evaluation of the project data.

421 HF

The instrument was recalibrated for HF during the project to include the full spectral band
of HF and to include a wide concentration range i.e. 18 ppm to 1245 ppm. The
quantification limit (LOQ) for HF was calculated to 2 ppm.

The spectral band at 520 ppm for HF (together with water) in nitrogen is seen in Figure 2.
There are two branches of peaks for HF. The branch at the higher wavenumbers is clearly
seen in the figure whereas the branch at lower wavenumbers contains interference from
water bands.
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Figure 2 Spectra of 520 ppm HF and 2.9 % 2O in N».

4.2.2 POF;

Tests were conducted to record the spectral bands of POF; as a basis for calibration of the
FTIR. An important part of the calibration work was further to investigate the stability of
POF; under the conditions used for calibration (see section 4.3). This initial work was
conducted before the FTIR was recalibrated.

A spectrum of POF; (116 ppm) is shown in Figure 3. Several distinctive absorption bands
can be seen (together with some water that was present in the bag). These bands can be
seen more clearly in Figure 4, where the spectral range of interest is shown.
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0.28 -
0.26 -
0.24 -
0.22 -
0.20 -
0.18 -
0.16 -
0.14 -

Absorbance

Wavenumbers (cm-1)

Figure 3 Spectra of 116 ppm POF; in N,.
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Figure 4 Spectral bands of POF; (from 116 ppm POF; in N,).

Three spectral bands are shown centred around the wavenumbers 871 cm™, 991 cm™and
1416 cm™. These bands are from P-F symmetrical stretches, P-F asymmetrical stretches
and P-O stretches. The two latter vibrations are the strongest. The spectral information of
POF; is summarized in Table 2.

Table 2 Spectral band positions for POF;.

Band position Absorptivity Type of band [2]

(cm™) (abs/ppm.m)

1416 0.00159 P-O stretch

991 0.00154 P-F asymmetrical stretch
871 0.00029 P-F symmetrical stretch

A quantitative calibration was made for POF; using flushed gas bags where known
volumes of POF; gas were injected into a known volume of nitrogen gas. The
concentrations produced for the calibration were: 25 ppm, 100 ppm, 200 ppm, 300 ppm
and 416 ppm. Spectral regions around 871 cm™ and 1416 cm™ were used for a CLS
(classical least squares) calibration and water was included as an interfering component.
The quantification limit (LOQ) for POF; was calculated to 6 ppm.

4.2.3 PFs

It was found that the gas bags used needed to be dried by flushing with N, in order to
remove any remaining water. Water was unwanted as hydrolysis of PF5 could be
expected. Figure 5 shows the FTIR spectrum of a non-flushed gas bag where the nominal
concentration of PF5 was 108 ppm. This spectrum shows, however, no significant spectral
bands apart from those of POF; and HF. (Spectral bands of water, some CO, and a small
contamination of HCI are additionally shown.)
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Figure 5 Spectra of 108 ppm PF5 in argon (bag not flushed — contained water).

The explanation found was that the PFs added to the bag was hydrolysed by the small
amounts of water that was present in the bag, to form the decomposition products POF;
and HF.

The bags were subsequently thoroughly dried before adding PFs. A spectrum from the
content of a gas bag flushed with N, is shown in Figure 6. Only very small remains of
water can be seen here.
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Figure 6 Spectra of gas content in gas bag flushed with dry N.,.

By using flushed bags it was possible to locate the spectral bands of PFs. Figure 7 shows
a spectrum of nominally 200 ppm PFs in N,. However, also here the bands of POF; and
HF can be seen together with the bands of PFs. It is clear from this that PFs is very
unstable and decomposes easily. The interesting spectral range for PFs is magnified in
Figure 8.
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Figure 7 Spectra of 200 ppm PFs in dry N2 (bag flushed).
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Figure 8 Spectral bands of PF5 (from 200 ppm PFs in dry N,).

The spectral bands of POF; are seen in Figure 8 at 871 cm™ (P-F symmetrical stretch),
991 cm™ (P-F asymmetrical stretch) and 1416 cm™ (P-O stretch). Remaining bands are
from PFs5 or additional decomposition products of PFs. PF5 has two stretching modes
according to Yang et al. [2]. These are most probably the bands at 1017.71 cm™and
946.57 cm™. The remaining two bands found, 1027 cm-1 and 996 cm-1, must thus
originate from unidentified decomposition products of PFs. The bands found that were
not from POF; are listed in Table 3.
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Table 3 Spectral band positions found from PFs and decomposition products.
Band position Type of band
(cm™)
1017 PFs: PF stretching [2]
946 PFs: PF stretching [2]
1027 Band from unknown decomposition
product
956 Band from unknown decomposition
product
1416 POF;: P-O stretch
991 POF;: P-F asymmetric stretch
871 POF;: P-F symmetric stretch
4.3 Stability of POF;
The stability of POF; at both room temperature and at an elevated temperature was
investigated. It was important to have this information to be sure that the calibration
mixtures prepared in gas bags were stable and to see if any significant decomposition
would take place in the heated sampling and measurement system.
43.1 Room temperature
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Figure 9 Spectra of ~200 ppm POF; measured in 3 separate Flexfoil bags at 8 min (blue), 16 min

(brown) and 33 min (red) after preparation.

The investigation showed that POF; is very stable at room temperature in a gas bag
diluted with N, which makes it possible to prepare quantitative calibration standards.
Figure 9 shows the spectra of ~200 ppm POF; from three different gas bags, stored for
various length of time before measurement. A very limited decomposition can be seen for
the standard stored 33 minutes before measurement.
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Figure 10 Series of spectra of 41 ppm POF; kept at 170°C in the FTIR gas cell for 0 min (blue), 8
min (brown), 10 min (green), 21 min (magenta) and 31 min (red).

The half-life for POF; in N, at 170 °C is about 15 minutes according to the measurements
shown in Figure 10, which means that there is no significant decomposition taking place
in the measurement system during the ~10 s response time of the FTIR measurement set-

up.

4.4 Heating tests with the Cone Calorimeter

Yang et al [ 2] have studied the thermal stability of LiPFg salt and of solutions of LiPF6
in prototypical Li-ion battery solvents by thermogravimetric analysis (TGA) and on-line
FTIR. They showed that in the presence of water the decomposition products formed
were POF; and HF. No new products were observed in 1 molar solutions of LiPFg in EC,
DMC and EMC. In the evaporation tests that are reported below it was investigated
whether the same type of decomposition products could be found in tests where the
electrolyte was heated in an open container with radiative heating in a Cone calorimeter.
Further, combustion tests were conducted where the vapour was ignited to investigate
how combustion would change the type of decomposition products.

The sample was placed in a small (~40 mm diameter) steel container under the heating
cone of the Cone calorimeter as can be seen in Figure 11. The irradiation of the sample
was in the range of 10-15 kW/m?. The FTIR was connected to the exhaust duct of the
Cone calorimeter. Separate tests were conducted with only solvents (DME and PC), the
pure LiPFg salt, and saturated solutions of LiPF4 salt and solvents. Leftovers from the
tests can be seen in Figure 12. The FTIR measurement system is described in Section 2.
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Figé 12. Leftovers in cake-cup after test

4.4.1 Evaporation tests of pure components
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Figure 13 Spectra of Dimethoxyethane (DME) evaporated in the Cone Calorimeter.
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Figure 13 shows a spectrum of DME when evaporating from heating in the cone
calorimeter with absorption bands around 1100 cm™ and 2900 cm™. The highest
distinctive peak is located at 1129 cm-.
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Figure 14 Spectra of Propylene carbonate (PC) evaporated in the Cone Calorimeter.

Figure 14 shows a spectrum of PC when evaporating from heating in the cone calorimeter
with absorption bands around 1100 cm™, 1850 cm™ and 2950 cm™. The two highest
distinctive peaks are located at 1114 cm-'and 1867 cm-.
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Figure 15 Spectral bands of evaporation products from Lithium hexafluoride.

Figure 15 show the spectral bands of POF; in a test where pure LiPFg salt was thermally
decomposed in the cone calorimeter. HF could only be qualitatively identified here (not
shown) as severe interference of water made quantification impossible in the region up to
4000 cm™ which was the highest wavenumber measured in these early tests.

There are no traces of PF; or any decomposition products apart from POF; in the spectral
range shown in Figure 13.
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4.4.2 Evaporation tests with mixtures of components
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Figure 16 Series of spectra from evaporation test with LiPFg mixed in Polypropylene carbonate

(PC). Spectra measured at 57 s (brown), 82 s (green), 157 s (red) and 257 s (blue) after
start of heat exposure.

Spectra from an evaporation test with a saturated solution of LiPFg salt in PP are shown
in Figure 14 above. The spectral band from the solvent is shown around 1100 cm™
together with the three bands of POF; at 871 cm™, 991 cm™ and 1416 cm™. It can be seen
from the overlaid spectra that the emission of POF; ends before the solvent is totally
evaporated (see blue spectrum from 257 s in Figure 14).
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Figure 17 Series of spectra from evaporation test with LiPFg mixed in Dimethoxyethane (DME).
Spectra measured at 30 s (brown), 67 s (green), 117 s (red) and 155 s (blue) after start of
heat exposure.
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Figure 17 shows a series of spectra from an evaporation test with a saturated solution of
LiPFs salt in DME. Also here the spectral band from the solvent is shown around 1100
cm™ together with the three bands of POF; at 871 cm™, 991 cm™and 1416 cm™. Here it
can be seen from the overlaid spectra that the emission of POF; continues after that the
solvent is totally evaporated (see blue spectrum from 155 s in Figure 15). This is the
opposite behaviour compared to the solution of LiPFg salt in PC. One cannot, however,
draw any conclusion from this as the emission behaviour of POF; here might be an effect
of the saturation degree of the two mixtures.

4.4.3 Combustion tests

Test where saturated solutions of LiPFg salt in DME respective PC, were ignited in the
cone calorimeter are reported below. In these tests the same level of external radiative
heat flow was used as for the evaporation tests discussed above (10-15 kW/m?). However,
in these tests the electric spark igniter was used to ignite the evaporated fumes over the
sample container.
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Figure 18 Series of spectra from fire test with LiPFg mixed in Dimethoxyethane [DME). Spectra
measured at 5 s (light green), 29 s (aqua), 42 s (pink), 54 s (black), 67 s (dark green), 79 s
(red) and 104 s (blue) after start of heat exposure. Ignition at 2 s after start. Flame-out
at95s.
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Figure 19 Spectra from the fire test with LiPFg mixed in DME at 67 s from start of test (red).
Overlaid by spectra from evaporation test with DME (purple).

A series of spectra (overlaid) are shown in Figure 18 from the tests with LiPFg salt in
DME. One can clearly see the characteristic spectral features of POF; during the period of
combustion ( 2-95 s). Also HF was seen in the spectrum during this period (not shown
above). The spectral band from the solvent is shown only in the first few spectra and in
the spectrum from 67 s (see Figure 19). The combustion efficiency must have decreased
at this time but extinction was not recorded until 95 s.
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Figure 20 Series of spectra from fire test with LiPFg mixed in Polypropylene carbonate (PC).
Spectra measured at 28 s (red), 53 s (light green), 78s (aqua), 90 s (pink), 103 s (black),
116 s (dark green), 128 s (orange) and 190 s (dark blue) after start of heat exposure.
Ignition at 1 min 11 s after start. Flame-out at 170 s.

Figure 20 shows a series of spectra (overlaid) from the tests with LiPFg salt in PC. The
spectral bands of POF; (the band at 992 cm™ can be clearly seen in the figure) were seen
in the spectra during the period of combustion (71-170 s). Also HF was seen as in the
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spectra during this period (not shown above). The spectral band from the solvent is
clearly shown in the spectra before combustion.
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Figure 21 Spectra from the fire test with LiPFg mixed in Polypropylene carbonate at 116 s from
start of test (red). Overlaid by spectra from evaporation test with Polypropylene
carbonate (light green).

Figure 21 shows the spectrum collected at 116 s into the combustion test with LiPFg salt
in PC. The spectra of pure PC has been overlaid. Also here one can see two additional
peaks which do not originate from POFs, one at 1027 cm™ and one at 1034 cm™.

The combustion tests with electrolyte solvents of LiPFg salt showed that HF and also
POF; are present in the combustion effluents. This is an important finding. Further,
unidentified spectral absorption bands indicate the presence of an additional, possibly
fluorine containing, decomposition product.
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5 Burner tests with electrolyte

Tests were conducted by using a small propane burner about 2 cm in diameter in which
electrolyte salt solutions were introduced through needles or on a spoon as seen in Figure
21. The amount of propane inserted was controlled by a variable area flow-meter. Two
different amounts of propane were used, i.e. 7 scale points on the flow meter scale and

5 scale points. The Heat Release Rate (HRR) was measured in all tests. The HRR was
found to be 4.8 kW for the 7 scale point case (referred to as the “normal case” below) and
3.2 KW for the 5 scale point case (referred to as the “lower case” below). The amount of
electrolyte inserted was controlled by two HPLC pumps.

The Heat Release Rate from the fire was measured by using Oxygen Consumption
Calorimetry in the cone calorimeter hood. In some experiments the cone heater and load
cell was used. FTIR measurement were made in all tests. The FTIR measurement system
is described in Section 2. A schematic of the cone calorimeter is provided in Figure 20.
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Figure 22 The cone calorimeter. The heater and load cell was not used in the major part of the
tests.
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Figure 23 Experimental set-up with the needle inserted in the burner.

5.1 Electrolyte — salt solutions

Solutions of LiPFg (99 %, Sigma-Aldrich) were prepared by dilution in
dimethylcarbonate (DMC, 99% Sigma-Aldrich) and 1,2-dimethoxy ethane (DME, 99%
Sigma-Aldrich). The DMC solutions were 1.0 M and 0.4 M respectively and the DME
solution was 0.4 M.

5.2 Tests conducted

Tests were conducted in two batches. In the first batch it turned out that the needles
became clogged with the salt and it was difficult to produce a spray. Custom made
needles were therefore ordered and a new batch of tests was conducted with the new
needles.

Tests conducted in the first batch are listed in Table 4. Further description of the test
procedures and results is provided in Appendix A. In this batch the propane flow was the
same in all tests. The way the solvent and salt were introduced into the flame was varied

and the amount was varied. Due to difficulties with achieving a stable spray and clogging

of the needles it was not possible to conduct any tests where water was introduced
together with salt and solvent.
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Table 4 Tests conducted in first batch.
Testnr | Type of Fuel Comment
test
1 burner Propane only Initial test to determine propane HRR
2 Burner + | Propane and 5.9 DME works not as spray but as a beam,
needle ml/min DME possibility that all DME not burnt
3 Burner + | Propane and 5.9 Needle in bottom of burner instead of
Needle ml/min DME top
4 Burner + | Propane and 5.9 Needle inserted outside of burner
Needle ml/min DME
5 Burner + | Propane and 2.4 Not a very successful attempt
spoon ml/min DMC
6 Burner + | Propane and 12 and later 5 ml/min
Needle ml/min DMC
7 Burner + | Propane and 20 Interrupted as holder melted
Needle ml/min DMC
8 Burner + | Propane and 20- Burner placed a bit lower under the
Needle 18 ml/min DMC | collecting hood
9 Burner + | Propane and
Needle DMC 18 ml/min
10 Burner + | Propane and
Needle DMC 18 ml/min
with 1 M salt
11 Burner + | Propane and
needle DME 18 ml/min
12 Burner + | Propane and
needle DME 18 ml/min
with 0.4 M salt
13 Burner + | Propane and
Needle DMC 18 ml/min
1 M salt
14 Burner + | Propane and
Spoon DMC 1.8 ml/min
15 Burner + | Propane and
spoon DMC 1.8 ml/min
+ 1M salt
16 Burner + | Propane and
spoon DME 1.8 ml/min
+ 0.4 M salt
17 cakecup DMC +salt 1:1 No external heating, did not burn very
well
18 cakecup DME +salt 1:1 No external heating, did not burn very
well

The tests conducted in the second batch are presented in Table 5, additional information
about the test procedures can be found in appendix A. The tests were conducted using the
same burner as used in the first batch of tests. Two different propane flows were used, 7
and 5 scale points on the flow meter, resulting in a HRR of 4.8 and 3.2 kW respectively.
These HRR levels were in the same order of magnitude as the HRR resulting from the
electrolyte burning. Most of the tests were conducted on DMC. The salt concentration in
the DMC was varied together with the amount of DMC introduced into the flame. In



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

29

addition some tests were conducted where water was introduced into the flame. The
duration of these tests was however, limited because despite careful design of needles that
were custom made for this project we encountered problems with creating a stable spray

for long periods of time.

Table 5 Tests conducted in second batch.
Test | Injection Other conditions
nr
20 none Normal propane 7 sp
21 none Normal propane and water 7 - 8 min and
10 - 11 min
22 15 ml/min 2 min 1 M =30 ml M | Normal propane 7 sp
DMC
23a | 15 ml/min 4.5 min 0.4M = 27 Normal propane during 3 minutes, lower
ml M during 1.5 min
DMC
23b | 15 ml/min 3 min 0.4M = 18 ml 5 skd propane
M uncertainty for the 15 DMC
ml/min, according to HRR only
about half
24 10 ml/min 3 min 1 M (initial 5 7 sp propane, short while at end with
minutes injection problematic) water injection
DMC
25 15ml/min1 M 2:45=41mIM | 7 sp propane
DMC
26a | 15 ml/min 1 M 1:45 7 sp propane
DMC
26b | Cleaning system with water
26c | 15 ml/min 1 M 1:30 7 skd propane, water at end
DMC
27 1 M salt in DMC in cakecup
28 0.4 M salt in DME in cakecup
5.3 Test Results

Results from tests were LiPFg salt was injected in the first test batch are presented in
Figure 22 - Figure 36. For these tests is HRR presented together with an indication of
when different injections were conducted by means of coloured lines in the graphs. In
addition are graphs presented with HRR on the left axis and the HF concentration in the

EFSB 21-02
Page 138

exhaust duct on the right hand side axis. Finally one graph is presented for each of these

tests where the HF concentration in the exhaust duct is given on the left hand side axis

and the POF; concentration in the duct on the right had side axis.

When studying the graphs it is important to remember that the concentrations presented

are concentrations in the exhaust duct. These depend on the gas flow in the exhaust duct
and the amount of salt and electrolyte introduced into the flame. They should not be
considered as the concentration in the vicinity of a burning vehicle but are only presented
here as concentrations in order to evaluate changes in amount produced due to changes in
flame composition etc.
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Figure 24 Heat Release Rate (HRR) from test 10. DMC and salt injection (18 ml/min with 1 M

salt) indicated as a purple line between time 4 and 6 minutes.
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Figure 25

HRR and HF concentration during Test 10. DMC and salt injection (18 ml/min with 1 M
salt) indicated as a purple line between time 4 and 6 minutes.



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 140
31
HF, ppm Test 10 POF3 ppm
1600 120
1400 / 100
1200 [ /
- 80
1000 -
I l \ ——Hydrogen Fluoride
800 60
I I \ ——POF3
- [ \
o [/ N
200 J - - 20
0 N 0
2 3 4 5 6 7 8 9 10
Time, min
Figure 26 HF and POF; concentration as a function of time for test 10. DMC with salt was injected
during time 4 to 6 minutes.
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Figure 27 HRR as function of time for test 12. The time period under which DMC with salt was
introduced into the flame is indicated with a purple line (2.5 minutes — 5 minutes).
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Figure 28 HRR and HF concentration as function of time for test 12. The time period under which
DMC with salt was introduced into the flame is indicated with a purple line (2.5 minutes
— 5 minutes).
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Figure 29 HF and POF; concentration as a function of time for test 12. DME with salt was injected

during time 2.5 to 5 minutes.
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Figure 30 HRR as function of time for test 13. Initial spray attempt with DMC starting at 2:30 had
to be interrupted at 4:00 due to difficulties with spray. Second period of pure DMC at
time 5:40 until 8:00, both DMC periods indicated with green line in figure. The time
period under which DMC with salt was introduced into the flame is indicated with a
purple line (8 minutes — 11 minutes).
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Figure 31 HRR and HF concentration as function of time for test 13. Initial spray attempt with

DMC starting at 2:30 had to be interrupted at 4:00 due to difficulties with spray. Second
period of pure DMC at time 5:40 until 8:00, both DMC periods indicated with green line
in figure. The time period under which DMC with salt was introduced into the flame is
indicated with a purple line (8 minutes — 11 minutes).

Page 142



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 143

34
HF, ppm POF3, ppm
PP Test 13 PP
2000 90
ML ¥
1600 /""‘ = 70
. - 60
1200 4| Hydrogen Fluoride /
- 50
= POF3 a0
800
- 30
400 - 20
A \\__ - 10
0 = 0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Time, min
Figure 32 HF and POF; concentration as a function of time for test 13. DMC with salt was injected
during time 8 to 11 minutes.
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Figure 33

HRR as a function of time for test 15. DMC and salt was inserted through a needle onto
a spoon in the flame during time 5 minutes to 10 minutes, DMC only was injected
between times 3 and 5 minutes and 10 and 12 minutes.
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Figure 34 HRR and HF concentration as a function of time for test 15. DMC and salt was inserted
through a needle onto a spoon in the flame during time 5 minutes to 10 minutes.
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Figure 35 HF and POF; concentration as a function of time for Test 15. DMC and salt was

inserted through a needle onto a spoon in the flame during time 5 minutes to 10 minutes.
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Figure 36 HRR as a function of time for test 16. DME and salt was inserted through a needle onto

a spoon in the flame during time 5 minutes to 11 minutes. During time 13 to 17 minutes

water was inserted to the spoon instead.
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Figure 37 HRR and HF concentration as a function of time for test 16. DME and salt was inserted
through a needle onto a spoon in the flame during time 5 minutes to 11 minutes. During

time 13 to 17 minutes water was inserted to the spoon instead.
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Figure 38 HF and POF; concentration as a function of time for Test 16. DME and salt was inserted

through a needle onto a spoon in the flame during time 5 minutes to 11 minutes. During
time 13 to 17 minutes water was inserted to the spoon instead. Note that the
concentration of POF; measured here was below the limit of quantification.

The FTIR measurements showed that both HF and POF; were always present in the
combustion effluents when electrolytes were burning. The measured concentration of HF
was always significantly higher than POF;, often about 20 times higher.

Test 10-16 all shows that the POF; seems to appear a bit earlier than HF, this is particular
apparent in test 15. It is known that losses of HF occurs in the measurement system and
especially in the sampling filter®. The effect is most significant at measurements of low
concentrations as the proportion captured in the filter in such cases is high compared to
the total amount HF sampled through the filter. An effect of HF-losses in the filter is an
initial increased response time (until the sampling system is saturated) that can be
significant especially in measurements of low concentrations. The filter was exchanged
before test 14 but as test 14 was interrupted the filter can be considered as being new for
test 15.

Selected filter used in the measurements reported below (test 22-test 27) were analysed
for total fluorine content. The analysis results showed that the amounts lost in the filter
were low, normally around 5 % on weight basis.

Test results from the second batch of tests are presented in Figure 37 - Figure 53. The
result are presented for the tests where solvent and salt was introduced into the flame. For
all tests the HRR curve is presented including the HRR from the propane. Different
injections are indicated with different colours in the figures, i.e. green for solvent only,
purple for salt and solvent, and different blue colours for water and alcohol.

An example of how the flame look liked when salt was injected is given in Figure 39.
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Example of flame when electrolyte and salt is injected, test 25
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Figure 40 HRR as a function of time for test 22. The different injections period are indicated with
a green line for pure DMC, purple line for DMC + salt and a blue line for cleaning with
alcohol at the end of the test.
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Figure 41 HRR and HF concentration as a function of time for test 22. The different injections
period are indicated with a green line for pure DMC, purple line for DMC + salt and a
blue line for cleaning with alcohol at the end of the test.
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Figure 42 HF and POF; concentration as a function of time for test 22. DMC with salt was injected

under time 5-7 minutes.



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 149
40

HRR, KW Test23

12

10 propane 5 skd

8 ' — !
nj i o
6 Y F“‘
2 l’ N " "r A
alcohol o LY I ——y
5 DMC MC+sglt
DM C+salt DMC water
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Time, min
Figure 43 HRR as a function of time for Test 23. The different injections are indicated as green

line for DMC only, purple line for DMC with salt (5 minutes until 9:30 and then again

18 until 21 minutes), light blue for alcohol and darker blue for water.
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Figure 44 HRR and HF concentration as a function of time for Test 23. The different injections

are indicated as green line for DMC only, purple line for DMC with salt, light blue for
alcohol and darker blue for water.
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Figure 45 HF and POF; concentration in exhaust gases as a function of time for test 23. DMC +
salt was injected during time 5 minutes until 9:30 and then again between time 18 and

21 minutes.
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Figure 46 HRR as a function of time for test 24. DMC and salt was injected during time 4 minutes

until 12:30, the spray did not work correctly until time 9:15.
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Figure 47 HRR and HF concentration as a function of time for test 24. DMC and salt was injected
during time 4 minutes until 12:30, the spray did not work correctly until time 9:15.
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Figure 48 POF; and HF concentration as a function of time for test 24. DMC and salt was injected

during time 4 minutes until 12:30, the spray did not work correctly until time 9:15.
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Figure 49 HRR as a function of time for test 25.
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Figure 50 HRR and HF concentration as a function of time for test 25.
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Figure 51 HF and POF; concentration as a function of time for test 25.
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Figure 52 HRR as a function of time for test 26. DMC and salt injection indicated as purple line at
time 2 until 3:40 and then at time 9 minutes until 10:30. Water injection into flames by
water spray bottle indicated as light blue line from time 3 minutes until 3:40 and then
from time 9:50 until time 10:30. Water was injected through the needle between time 5
minutes and 8:30 to clean the system.
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Figure 53 HRR and HF concentration as a function of time for test 26. DMC and salt injection

indicated as purple line at time 2 until 3:40 and then at time 9 minutes until 10:30.
Water injection into flames by water spray bottle indicated as light blue line from time 3
minutes until 3:40 and then from time 9:50 until time 10:30. Water was injected through
the needle between time 5 minutes and 8:30 to clean the system.
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Figure 54 HF and POF; concentration as a function of time for test 26.
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Figure 55 HRR and HF concentration for the cakecup test. Heat radiation applied 10-15 kKW/m2.
Ignited about 15 s after heat application started.
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Figure 56 HF and POF3 concentration as a function of time for test 27, test where the electrolyte

was heated in a cakecup and ignited by a igniter.

Test 27 shows a different behaviour than the other tests. Unfortunately there was no
electrolyte available to explore this further as this was the last test. This could indicate a
potential for that toxic gases are produced especially at the end of a fire. This could also
reflect that the salt is burnt later that the electrolyte solvent.

The test results from the burner tests in the second batch are summarized in Table 6. The
table contains the amount of salt injected expressed as mass of F (grams) based on pump
speed, Molar concentration of solution and time sprayed into the flame. This value
contains some uncertainty due to uncertainties in conjunction with the pumps and the fact
that the spray was not always a spray but more of a beam. The gases produced are
expressed as the amount HF and POF; in grams, these values are then recalculated into
mass of F in grams. The HF values contains also the fluorine content found in the filters
analysed after the tests. This value was added to the HF content despite we do not know
whether the fluorine is in the form of HF or any other fluorine specie.
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Table 6 Results from tests conducted in second batch.
Test | Amount Amount | Amount | Amount | Amount | Missing | HF/POF;
nr salt HF (g) POF; HFasF | POF;as | F (9) by mass
injected (9) 9) F(9)
asF(g)
22 3.4 2.5 0.5 2.3 0.3 0.8 5
23a 3.1 2.8 0.1 2.6 0.1 0.4 23
23b 1.7 0.8 0.2 0.8 0.1 0.8 4
HRR 0.8 0.2 0.8 0.1 0.0 4
compensa
ted 0.9
24 3.4 4.2 0.5 4.0 0.3 -0.9 8
25 6.3 3.7 1.4 3.5 0.8 2.0 3
26a 4.0 1.4 0.6 1.3 0.3 2.3 2
26b Cleaning 0.8 0.3 0.7 0.1 -0.8
system
with
water
26¢ 1.7 1.6 0.4 1.5 0.2 0.0 4

The results in Table 6 shows that not all F is captured in the measurements. This can be

due to that some of the F is not present as HF or POF; but some other species such as
phosphoric acid. We see also that we over-predict the amount of F in two cases, one case

where the system was not injected with salt, this was probably due to some remains of
salt in the pumps or the filters used to protect the needles from clogging. And one case

where time was spent in the beginning of the test to get the spray working with salt. The
response time of the FTIR analysis makes it difficult to exclude this initial amount of salt
into the system in the calculations unfortunately.
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6 Fire tests with batteries

Tests were also conducted on battery cells and batteries used for automotive applications
and laptops. Water was added to the flames in one test in order to investigate the
influence of water addition to the HF production.

6.1 Batteries tested

The cells in test 1-5 were commercially available pouch cells for automotive applications.
The cell is a power optimized cell with a cathode chemistry of LiFePO, lithium ion
phosphate (commonly abbreviated LFP).

The cells in test 6 were commercially available cylindrical cells (of type 26650). The cell
is an energy optimized type of LFP, and have been used in e.g. electric vehicles.

The laptop battery pack in test 7 consisted of 2 commercially available battery packs for
laptops. Each laptop pack consisted of 6 cells, in which 3 were in series and 2 in parallel,
often denoted as 3s2p. The laptop battery pack differs from the other tested cells in
several aspects. Firstly, it has a different Li-ion chemistry, which has a higher nominal
cell voltage (3.7 V vs 3.2 V for LFP). Secondly, it is a commercially complete battery
pack including electronics, plastic housing, electrical connector to laptop, etc. Thirdly, it
has a higher pack voltage due to the fact that three cells are connected in series inside the
battery pack, increasing the voltage by a factor 3 (to 11.1 V).

All cells were unused. However, the laptop pack was less than 6 months old. The LFP
type 1 cells used in tests 1-5 were approximately 1-2 years old and the LFP type 2 cells in
test 6 were approximately 2-3 years old.

Table 7 Fire tests with batteries conducted under the hood of the SBI-equipment.
Test no Cell type State of Nominal No of Total
Charge, SOC capacity cells weight
(%) (Ah) (9)
! LFP type 1, 100 % 35 Ah 5 1227.9
pouch
2 LFPtype 1, 100 % 35 Ah 5 1229.7
pouch
3 LFPtype 1, 100 % 35 Ah 5 12293
pouch
4 LFPtype 1, 0% 35 Ah 5 12286
pouch
> LFP type 1, 50 % 35 Ah 5 1227.6
pouch
6 LFP type 2, 100 % 28.8 Ah 9 734.8
cylindrical
! Lapt‘;‘;ff“ery 100 % 336 A% | 2x(3x2) | 639.0

* Corresponding value, rated at each battery pack is 5.6 Ah with 11.1 V.
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6.1.1 Cell preparation

All battery cells were charged/discharged to the selected state of charge (SOC) level,
using an ordinary power aggregate for labs as well as Digatron battery test equipment.
The laptop batteries were fully charged by putting them into a laptop computer.

The five cells, in tests 1-5, were carefully fastened together with steel wire. The poles
(tabs) were cut on all cells but one.

The cells in test 6 had originally welded tabs on its poles which after charging were
physically removed. The nine cells were placed inside a box, which had steel net at the
bottom and top and walls made of a silica board. These specifications were safety
precautions in order to avoid possible projectiles.

The laptop pack, which consisted of two identical laptop packs were placed inside a steel
net and fastened on the burner grid in order to prevent possible projectiles.

6.2 Experimental apparatus

The tests were conducted in the Single Burning Item apparatus, EN13823, that is
normally used for classification of building materials according to the European
Classification scheme. This apparatus was chosen as it has a suitable extraction flow for
the tests conducted.

Figure 57 The SBI apparatus.

The cells or batteries were placed on a small table with the table top consisting of wires.
A propane burner was placed underneath the batteries/cells.
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Figure 58 Experimental set-up test 1-5.

Figure 59 Experimental set—lfp test 6.
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6.3 Experimental procedure

In all tests a premeasuring time of 5 minutes was used for the HRR before the gas supply
to the burner was turned on. All tests were video-recorded, video recordings started 1
minute before the burner. FTIR measurements started 2 minutes before the burner. The
tests were conducted over two days with tests 1-5 the first day and tests 6-7 the second
day. Both days started with a blank test where only the burner was used and HRR and
FTIR gases were measured. The HRR from the burner was 14-15 kW. The burner HRR
was subtracted from the results.

6.4 Results

In tests 1-3 outbursts of rapid vented gases could be seen. In principle there was one
outburst per cell in tests 1-3 with had 100% SOC. In tests 4-5 with lower SOC, no
outbursts could be observed. Outbursts could be seen in tests 6-7. The laptop battery pack
in test 7 showed rapid venting in several directions and probably had the most energized
venting of the seven tests.

In the seven tests, the orientation of the cells were different due to the different battery
types (pouch, cylindrical, complete pack). This could potentially have affected the results,
since some gases might have been missed by the hood collecting the gases. Also the
extent to which gases are mixed in a limited space could have an impact on the results. It
was not possible to determine the magnitude of these aspects in these tests. The cells in
tests 1-5 were however all oriented which provide for a good comparison between these
tests. The other two tests can be considered more as examples of possible scenarios.

All tests were photographed. Phots can be found in appendix C.

6.4.1 Video

All tests were captured on video. Below is the comment to the post-analysis of those
videos. Note that the “video time” is 1 minute after the reference time. In other words, the
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reference time 01:00 corresponds to 00:00 in video time. Video time is used in the tables

below.
Table 8 Comment to test 1 from video analyses.
Video time Comment
(min:sec)

00:00 Video start

01:20 LPG fire beginnings

02:05 Cell material/vented material is clearly started to burn on
the long sides

02:42-57 Outburst 1, 2 angles: ~ 45,100 deg
Lighter flame colors (real or due to camera)

05:41-49 Outburst 2

05:53-04 Outburst 3, large flame on the right side from 110-190
deg

06:04-06:49 | Venting flame at left side, burning for a relative long time

06:49-59 Outburst 4

07:34-40 Outburst 5

18:25 LPG flames end

Table 9 Comment to test 2 from video analyses.

Video time Comment
(min:sec)

00:00 Video start

01:05 LPG fire beginnings

02:13-19 Outburst 1

02:20-03:11 | Burning

05:26-35 Outburst 2, 3 angles: ~ 0 (little), 80 (more),120(more) deg

05:56-01 Outburst 3

06:01 Maybe an smaller outburst

06:29-41 Outburst 4 (3 angles as above in No.2)

07:06-17 Outburst 5

18:07 LPG flames end
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Table 10 Comment to test 3 from video analyses.
Video time Comment
(min:sec)
00:00 Video start
01:10 LPG fire beginnings
02:04-12:06 | Outburst 1 (left side 45deg, right side 120 deg (most @
right))
02:31-40 Some smoke from back of cell pack
03:05-09 Outburst 2 (both left and right side)
More smoke from back of cell pack
05:50-02 Outburst 3 (most on left side, left ~30 deg, right ~ 145
deg)
Lighter white-orange color that LPG flame colors
06:24-44 Outburst 4 (most left side, ~40 deq)
Incl darker smoke
06:44 — Clear cell fire along the long-sides, incl darker smoke
07:00
> 07:00 Person with handhold water mist makes entrance
07:13-07:23 | Smaller outburst 5 (most left side)
07:41-07:53 | Smaller outburst 6 (both sides)
07:40 Water mist on
Pulsed by hand (~1 sec per puls)
In flames above cell (cell is primarily not touched)
09:02-09:12 | No water mist applied during this time, might have been
longer time period
~09:45 Water mist off
11:15-56 Water mist on, into flames above cell
12:02-30 Water mist on, onto cell
12:43-44 Water mist on, onto cell, one pulse
13:45 - Water mist on, into flames above cell
14:03
18:10 LPG flames end
Table 11 Comment to test 4 from video analyses.
Video time Comment
(min:sec)
00:00 Video start
01:15 LPG fire beginnings
No outbursts could be seen
33:22 LPG flames end
Table 12 Comment to test 5 from video analyses.
Video time Comment
(min:sec)
00:00 Video start
01:12 LPG fire beginnings

No outbursts could be seen

28:04

LPG flames end
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Table 13 Comment to test 6 from video analyses.
Video time Comment
(min:sec)

00:00 Video start

01:20 LPG fire beginnings

05:56 Outburst 1 fast (max 0,5 sec), straight upwards

05-57-09 Probably cell venting which is burning

06:13-14 Outburst 2 little longer (0,5-1 sec), straight upwards

06:19-20 Outburst (0,5 sec), straight upwards

06:20-06:40 Probably burning from cell vent

06:46-47 Outburst 3 (1 sec), straight upwards

06:47-55 Burning from cell vent

06:58 Probably burning from cell vent

07:14 Outburst 4, straight upwards

07:14-07:24 Burning from cells

07:24 Outburst 5 very rapidly (~ 100 ms), straight upwards

07:26-> Outburst 6, straight upwards
Burning and outburst, ventilation, a lot of activity, hard
to

07:26:07:41 Burning over complete battery pack

07:41 Outburst 7 very rapidly, straight upwards

07:41-08:01 Burning from cells

08:01 Outburst 8 very rapidly, straight upwards

08:13 Outburst 9, not straight upwards but upwards to the right

08:15/16 Maybe outburst

08:18 Clear outburst 10 (1 sec), not straight upwards but
upwards to the left

08:28 Outburst 11, straight upwards

08:41-50 Clear outburst 12 (9 sec), not straight upwards but
upwards to the left

08:45-53 Maybe outburst 13, long, straight upwards-little right

~07:00 - 10:00 | Fire from battery cells (pack) almost finished at 10:00

10:00-12:45 Some flames from time to time, some black smoke

12:45-18:32 Less intense than above, and from time to time:

some flames from time to time, some black smoke

18:32

LPG flames end
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Table 14 Comment to test 7 from video analyses.
Video time Comment
(min:sec)
00:00 Video start
01:20 LPG fire beginnings
02:25 Small fire in left pack, likely in plastics — yellow flames
(same as LGP flames)
03:24 One short flame
03:33 One short flame
03:34-39 Outburst 1 (4-5 sec)
03:43 One short flame
03:46-48 Outburst 2 (2-3 sec)
03:54 One short flame
03:58-01 Outburst 3 (2-3 sec)
04:04-08 Outburst 4 (3-4 sec)
04:12-14 Outburst 5 (2-3 sec)
04:15-19 Outburst 6 (4 sec), maybe several
04:22-23 Outburst 7 (2 sec), can have been multiple, last 20 sec
04:35-38 Outburst 8 (2-3 sec)
04:56-57 Outburst 9 (1 sec)
05:02-03 Outburst 10 (1 sec)
> 06:00 Light smoke
06:50-07:00 | 10 sec white smoke
> (07:00 Light smoke
18:14 LPG flames end
6.4.2 HRR and gas measurements
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The results from the HRR measurements are summarized in Table 15. The HRR curves
are presented in Figure 58 for test 1, 2 and 3, Figure 61 for test 4 and 5 and Figure 62 for
test 6 and 7 respectively. Figure 59 indicates when outbursts of gases could be observed

from the video while Figure 60 shows the HRR results from test 3 together with

indications of when water mist was sprayed into the flames. Even if the maximum HRR
was about the same for test 1, 2, 3 and 7, the test performance was quite different with
large flames and material sprouting out from the laptop cells.

Table 15 Summary of results from the fire tests.
Test no Weight loss Max heat | Total heat
(09) release release
(kw) (kJ)
1 346 48 6826
2 342 44 6645
3 341 42 7130
4 353 9.5 7356
5 354 14 7460
6 145 26 2409
7 258 50 3036
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Figure 61 HRR measurements from test 1-3.
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Figure 62 HRR measurements with outbursts as noted in the videos marked together with water

mist injection for test 3.
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Figure 63 Water mist injection for test 3.
50
45
40
35
30
=
g
£ 25 Tests
o
I 20 Test5
15
10
5 |
O I I
0 5 10 15 20 25 30 35

Figure 64

HRR measurements from test 4-5.
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Figure 65 HRR measurements from test 6 and 7.

The FTIR measurements show production of HF in all tests, but POF; could not be
detected. The measured concentrations of HF were generally quite low but well above the
detection limits. Maximum concentrations in tests 1-2 were about 15 ppm and the duct
flow was decreased before remaining tests to increase the HF concentration in the duct.
The maximum concentration in the remaining tests were in the range 30 - 50 ppm.

The high dilution in the exhaust duct means that POF; might have been produced but not
detected by the FTIR. Assuming that the ratio between HF and POF; concentration was
20 as seen in the spray-tests with the cone calorimeter, that would correspond with
maximum POF;-concentrations below 1 ppm in tests 1-2 and 2.5 ppm in tests 3-5 which
is below the quantification limit (6 ppm) for the FTIR.

The amount of HF produced during tests 1-5 is presented in Table 16. It is clear that the
low concentration of HF resulted in a very large relative loss of HF in the sampling
filters. In addition is the HF production presented together with the HRR in Figure 65-
Figure 69 for test 1-5. The delay of HF compared to HRR seen in the production curves
below is most probably influenced by retention in the filter. More results can be found in
Appendix B.

From Table 15 it is evident that the total amount of HF produced is lower for the fully
charged cells than those cells with a lower SOC. This could be due to the rapid outbursts
of gases during these tests so that parts of the gases might not have been collected, but as
the Total Heat Release (THR) from the tests are in the same order of magnitude then it
seems that most of the gases were captured. Alternatively, the prolonged fire duration
allowed more HF to be produced as it might give a chance for a more complete burning,
or else it has something to do with how the Fluorine is available in the battery at different
SOCs. It has not been possible to explore this further at this stage.

Table 15 also show that despite the larger peak in production rate of HF in test 3 where
water was introduced into the flame, the total amount of HF was still the same.
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Table 16 Results of HF analysis with FTIR from test 1-5.
Test no Max Total Total Total Total yields
production | amounts | amounts | amounts (mg/g)
rate (g/s) from from ()
FTIR (g) | filter (g)
1 0.0088 3.2 1.7 4.9 14
2 0.0077 3.9 2.4 6.3 18
3 0.0154 4.2 1.5 5.7 17
4 0.0102 9.7 1.6 11.3 32
5 0.0164 12.0 1.9 13.9 39
HRR, kW Testl HF g/s
50 0.010
45 0.009
40 0.008
A
35 l‘v 0.007
30 0.006
25 0.005 —HRR, kW
20 - 0.004 HF (g/5)
15 f 0.003
10 0.002
[T - 0.001
il \?" a1\ 0.000
0 10 15 20
Time, min
Figure 66 HRR and HF production as a function of time for test 1. The HF production only
includes the readout from the FTIR so HF that is captured in the filter is not included.
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Figure 67 HRR and HF production as a function of time for test 2. The HF production only

includes the readout from the FTIR so HF that is captured in the filter is not included.
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Figure 68 HRR and HF production as a function of time for test 3. The HF production only
includes the readout from the FTIR so HF that is captured in the filter is not included.
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Figure 69 HRR and HF production as a function of time for test 4. The HF production only
includes the readout from the FTIR so HF that is captured in the filter is not included.
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Figure 70 HRR and HF production as a function of time for test 5. The HF production only

includes the readout from the FTIR so HF that is captured in the filter is not included.

The results from test 6 and 7 are available in Table 17 and Figure 70. As seen the yields
of HF is much lower for the lap top cells, in fact the HF detected online was below the
determined detection limit. Partly this is because the burnable mass in the laptop cells is
also the plastic around the battery. But this does not explain all the difference. One
plausible explanation is that the laptop cells exploded with liquid splashed on the walls in
the equipment and some slat might have been missed there.

Table 17 Results of HF analysis with FTIR from test 6-7.
Test no Max Total Total Total Total
production | amounts | amounts | amounts yields
rate (g/s) from from (9) (mg/g)
FTIR (g) | filter (g)
6 0.0029 1.2 1.0 2.2 15
7 0.0011 Not 1.9 1.9 7.3
detected
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Figure 71 HRR and HF production as a function of time.

6.5 Discussion

Looking at the results from these reduced scale tests alone the emission data can be
difficult to interpret. An important aspect in this context is a comparison with emission
data from a traditional car fire. Emission data from a complete vehicle fire is scarce.
Lonnermark and Blomgqvist® have made measurements both on a full scale fire and parts
of a vehicle like door panels, dashboard etc. The vehicle tested in the full scale fire was a
medium class model from 1998. No HF could be detected in these tests either in the
small-scale tests or in the full scale test but significant amounts of HCN (NGV 1.8 ppm,
TGV 3.6 ppm), HCI (TGV 5 ppm) and SO, (NGV 2 ppm, TGV 5ppm).

Recently Lecocq, Bertana, Truchot and Mairlair reported emission data from both a full-
scale fire of a fully charged Electric Vehicle (EV) and a full-scale fire of a similar Diesel
vehicle fully gassed’. This showed an initial peak of HF produced for both vehicles. This
peak was higher than the amount of HF produced later in the fire stage when the battery
started to burn in the EV but the amount of HF produced by EV's were at least twice the
amount from the Diesel vehicles. The amounts reported are presented in Table 18. The
initial HF peak might have been caused by the AC liquid.

The battery cells tested in this study were power optimized cells that one could find in a
plug-in hybrid electric vehicle (PHEV). A typical PHEV could have 432 cells (9.7 kWh,
345.6 VDC nom, 108s4p, cell: 7Ah, 3.2 V nominal). This means that the emissions
reported in the battery cell tests should be multiplied with a factor of 432/5 = 86.4 to
reflect a case where the complete battery is consumed in a fire. This results in a value of
400-1200 g HF depending on SOC with a low value for a high SOC. This is in the same
order of magnitude as the valued reported by Leqoqc et. al. (657 and 919 respectively) as
presented in Table 18.

Similar, if the result from the burner tests are extrapolated to the amount of HF one would
get if the entire amount of electrolyte in a vehicle is consumed in a fire, one ends up in a
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large variation of values, 1200 — 2800 g of HF. These values are on the high end and
higher than the value measured in the cell tests and larger than the values reported by
Leqocq et. al. However, considering the large extrapolation done here going from a small
number of completely different fire scenario the differences are not that big. In the burner
test the electrolyte was introduced in a pure state and it had to go into the flame. In the
vehicle test one cannot be 100% sure that all electrolyte is consumed, in addition, we do
not known what kind of vehicle it was in the full vehicle test, this might differ from the
assumptions on power etc. that was made in the extrapolation.

Table 18 Comparison with complete vehicle fire emissions.

Study/vehicle HF (g) HCN HCI(g) | SO2(g)
(9)

Lonnermark/Blomqvist | No HF detected 170 1400 540

Leqocq et al. Diesell 621 167 1990

Legocq et al. EV1 1540 113 2060

Leqocq et al. Diesel2 813 178 2140

Leqocq et al. EV2 1470 148 1930

This study, cell tests 400-1200 depending
on SOC, high SOC
gives low amount of
HF

This study, burner tests | 1200-2800

This study, cakecup 950
test

The experimental results in this study could not show any significant change in the
constitution of gases emitted if water is used as an extinguishing media. The battery cell
experiment showed a higher concentration of HF produced during the actual spraying
with water but the_total amount HF was still the same. No change could be observed in
the burner tests due to introduction of water.
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7 Conclusions

The work presented here shows that it is possible to use FTIR to measure HF and POF;
online in fire tests including Li-ion batteries at different scales.

POF; was detected in all the small scale tests using pure electrolyte. However, no POF;
was detected in the tests on cells. The detection limit for POF; was 6 ppm. Extrapolating
from the small scale tests to the cells tests one ends up at concentrations below 6 ppm,
which probably explains why no POF; was detected in these tests.

It is an important finding that POF; is emitted from a battery fire as this will increase the
toxicity of the fire effluents. The amount of POF; is shown to be significant, 5-40 % of
the HF emissions on a weight basis.

No PFs could be detected in any of the tests. The reason for this is probably the high
reactivity of this specie. This was also demonstrated by the difficulty to produce a
calibration gas mixture for PFs.

There was no apparent experimental evidence that using water had a significant impact on
the amount of HF produced if water is used as an extinguishing media. The use of water
to extinguish a battery fire has the potential to shift the chemistry to favour the production
of HF over POF;. The toxicity of POF; is not known but substances similar to POF; are
highly toxic, more toxic than HF. Therefore shifting the chemistry to favour the
production of HF over POF; may be toxicologically favourable. More information is
needed to resolve this issue especially as POF; can be emitted under other cell venting
situations and not only fires.

Extrapolating the results from these experiments one ends up in the same order of
magnitude in amount of HF as reported in the few available complete EV vehicle burns.
This is an indication that the small scale experiments conducted in this project provide
useful information to analysing the risks associated with emissions from Li-ion batteries
in fires and the impact of water application during the fire.
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Tests conducted are listed in Table 1. Each of the tests are then presented in tables (test procedure) and

figures.
Table 1 Tests conducted
Test nr Type of Fuel Comment
test
1 burner Propane only Initial test to determine propane HRR
2 Burner + Propane and 5.9 DME works not as spray but as a beam,
needle ml/min DME possibility that all DME not burnt
3 Burner + Propane and 5.9 Needle in bottom of burner instead of top
Needle ml/min DME
4 Burner + Propane and 5.9 Needle inserted outside of burner
Needle ml/min DME
5 Burner + Propane and 2.4 Not a very successful attempt
spoon ml/min DMC
6 Burner + Propane and 12 and later 5 ml/min
Needle ml/min DMC
7 Burner + Propane and 20 Interrupted as holder melted
Needle ml/min DMC
8 Burner + Propane and 20-18 | Burner placed a bit lower under the
Needle ml/min DMC collecting hood
9 Burner + Propane and DMC
Needle 18 ml/min
10 Burner + Propane and DMC
Needle 18 ml/min with 1 M
salt
11 Burner + Propane and DME
needle 18 ml/min
12 Burner + Propane and DME
needle 18 ml/min with 0.4
M salt
13 Burner + Propane and DMC
Needle 18 ml/min 1 M salt
14 Burner + Propane and DMC
Spoon 1.8 ml/min
15 Burner + Propane and DMC
spoon 1.8 ml/min + 1M
salt
16 Burner + Propane and DME
spoon 1.8 ml/min+0.4 M
salt
17 cakecup DMC +salt 1:1 No external heating, did not burn very well
18 cakecup DME + salt 1:1 No external heating, did not burn very well
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Figure 1 HRR from test 1, propane burner at 7 sp.

Table 2 Test procedure test 2
Time Min:sec Comment
0 FTIR and HRR measuremtn started
1:00 Burner with 7 sp propane started
1:34 First numbers from FTIR available
6:00 Start DME injection 5.9 ml/min, DME works not as spray but as a beam, possibility
that all DME not burnt
HRR, kW Test2
8
7
6
5
4
3
2
X L
0
0 120 240 360 480 600 720 840 960 1080 1200 1320
Time, s
Figure 2 HRR from test 2
Table 3 Test procedure test 3
Time Min:sec Comment
0 FTIR and HRR measurements started
1:00 Burner with 7 sp propane started
1:30 First numbers from FTIR available
6:00 Start DME injection 5.9 ml/min, Needle inserted in bottom of burner instead
8:00 test was interrupted as the spray hit the burner
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Figure 3 HRR from test 3
Table 4 Test procedure test 4
Time Min:sec Comment
0 FTIR and HRR measurement started

1:00 Burner with 7 sp propane started
1:33 First numbers from FTIR available
4:00 Start DME injection 5.9 ml/min, Needle placed outside of burner
HRR, KW Test4
i |
7 I
6 ! I
> e
4
3
2
1
0
0 120 240 360 480 600 720 840 960
Time, s
Figure 4 HRR from test 4
Table 5 Test procedure test 5
Time Min:sec Comment
0 FTIR and HRR measurement started
1:03 First numbers from FTIR available
2:00 Burner start
10:30 Start DMC injection 2.4 ml/min onto spoon placed in flame
Not a successful attempt
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Figure 5 HRR from test 5

Table 6 Test procedure test 6

Time Min:sec

Comment

0

FTIR and HRR measurement started

1:00 Burner (propane) start

1:23 First numbers from FTIR available

6:00 Start injecting DMC 12 ml/min onto spoon
6:45 Injection interrupted

7:30 Injection started again flow 5 ml/min

8:00 Injection interrupted

8:57 Flame extinguished

10:09 Flame lit again

10:30 Injection 5 ml/min

12:00 Injection ended and flame turned off
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Figure 6 HRR from test 6
Table 7 Test procedure test 7
Time Min:sec Comment
0 FTIR and HRR measurement started
0:41 First numbers from FTIR available
1:10 Burner start
6:00 Start injecting DMC 20 ml/min spray
7:45 Injection interrupted as holder melted
10:00 Burner off
HRR, KW Test7
12
10
8
6
A — aandh ™~
4 v Vs S Y Ve
2
0 1 _
0 60 120 180 240 300 360 420 480 540 600 660 720

Time, s

Figure 7 HRR from test 7
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Table 8 Test procedure test 8
Time Min:sec Comment
0 FTIR and HRR measurement started
0:44 First numbers from FTIR available
1:00 Burner start, burner placed lower in relation to collecting hood
6:00 Start injecting DMC 20 ml/min spray
8:30 Start decreasing injection until 18 ml/min
9:30 Injection off
HRR, kW Test8
10

8

6 \

4 bl "‘-r-.'"" v““"‘v“:j

2

; W

0 120 240 360 480 600 720 840 960
Time, s

Figure 8 HRR from test 8
Table 9 Test procedure test 9
Time Min:sec Comment
0 FTIR and HRR measurement started
0:33 First numbers from FTIR available
1:00 Burner start
4:00 Start injecting DMC 18 ml/min spray
7:00 DMC off
10:30 Burner off
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Figure 9 HRR from test 9
Table 10 Test procedure test 10
Time Min:sec Comment
0 FTIR and HRR measurement started
0:54 First numbers from FTIR available
1:09 Burner start
4:00 Start injecting DMC + salt 18 ml/min spray
6:00 DMC off
12:20 Burner off
Table 11 Test Procedure test 11
Time Min:sec Comment
0 FTIR and HRR measurement started
0:59 First numbers from FTIR available
1:00 Flame start
4:00 Start injecting DME 18 ml/min, flame turns purple, salt still available in system!
8:40 Stop spray
13:55 Start injecting DME again after cleaning of hoses
15:30 Stop injection
16:43 Burner off
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Figure 10 HRR and HF concentration test 11
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Figure 11 HF and POF; concentration test 11
Table 12 Test procedure test 12
Time Min:sec Comment
0 FTIR and HRR measurement started
0:30 Flame start
0:43 First numbers from FTIR available
2:30 Start injecting DME 18 ml/min + 0.4 M salt
5:00 Stop spray
10:00 Burner off
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Table 13 Test procedure test 13
Time Min:sec Comment
0 FTIR and HRR measurement started
0:30 Flame start
0:45 First numbers from FTIR available
2:30 Start injecting DMC + 1 M salt 18 ml/min
3:20 Flow increased to 20 ml/min
4:00 Stop spray due to no spray
5:40 Injection clean DMC
7:00 Gets spray
8:00 Start salt + DMC injection
11:00 Injection end
16:22 Burner off
Table 14 Test procedure test 14
Time Min:sec Comment
0 FTIR including numbers on screen
3:00 HRR measurement started
3:30 Flame start
5:30 Start injecting DMC + 1 M salt 1.8 ml/min in spoon
7:15 Interrupted due to stop in needle
Test14
HRR, kW
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2
1.5
1
0.5
0 |\
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Time, s
Figure 12 HRR test 14
Table 15 Test procedure test 15
Time Min:sec Comment
0 FTIR and HRR measurement started
0:48 First numbers from FTIR available
1:05 Flame start
3:00 Start injecting DMC 1.8 ml/min onto spoon
5:00 Start injecting DMC + salt 1.8 ml/min onto spoon
10:00 Start injecting DMC 1.8 ml/min onto spoon
11:00 Injecting water instead, come through white plug in opening
15:15 Stop injection
17:15 Burner off
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Table 16 Test procedure test 16

Time Min:sec Comment
0 FTIR and HRR measurement started
0:45 First numbers from FTIR available
1:07 Flame start
3:00 Start injecting DMC 1.8 ml/min onto spoon
5:05 Start injecting DMC + salt 1.8 ml/min onto spoon
11:15 Start injecting DMC 1.8 ml/min onto spoon
13:00 Injecting water instead
16:50 Stop injection
Burner off
Table 17 Test procedure test 17
Time Min:sec Comment
0 FTIR and HRR measurement started
0:47 First numbers from FTIR available
2:30 Light the 2g DMC + 2 g salt in open cup
3:40 Fire extinguishes itself
5:27 Light the 2g DMC + 2 g salt in open cup
6:40 Fire extinguishes itself
10:00 end
HRR, kW Testl7
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Figure 13 HRR test 17

Table 18 Test procedure test 18

Time Min:sec Comment

0 FTIR and HRR measurement started
0:62 First numbers from FTIR available

6:50 Light the 2g DMC + 2 g salt in open cup
7:30 Fire extinguishes itself

10:48 Light the 2g DMC + 2 g salt in open cup
11:50 Fire extinguishes itself

10:00 end
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Time Min:sec Comment
0 HRR measurement started
1:30 FTIR measurements start
1:59 FTIR values available
2:30 Start propane 7 skd
7:30 Stop propane
HRR KW Test20
6
g .Y . A
v l‘\/\/"M‘\/"‘\,«w"\l"\ﬂv\lu

4
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2

1

o
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Time, min

Figure 15

HRR from test 20 Propane only gave a mean HRR of 4.78 kW
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Table 20 Test procedure test 21
Time Min:sec Comment
0 FTIR measurement started
0:28 FTIR values available
4:00 Start HRR measurements
5:00 Flame start
7:00-8:00 Spray water into flame
10:00-11:00 Spray water into flame
13:00 Stop flame
HRR, kW Test21
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1
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Figure 16 HRR from test 21. Propane + water injection by spraybottle. Sprayinjection of water marked in figure

with horisontal lines

Table 21 Test procedure test 22

Time Min:sec Comment

0 FTIR measurement started

0:25 First numbers from FTIR available
2:00 Start HRR measurements

3:00 Start propane flame

5:00 Start injecting DMC 15 ml/min

7:00 Start injecting DMC with salt 1 M
9:00 DMC only, spray not OK until 9:40
13:00 Injecting ethanol

19:00 Stop flame, inject water through needle
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Table 22 Test procedure test 23

Time Min:sec Comment

0 FTIR measurement started

0:40 First numbers from FTIR available
2:00 Start HRR measurements

3:00 Start propane flame

5:00 Start injecting DMC 15 ml/min
7:00 Start injecting DMC with salt 0.4 M
10:00 Propane decreased to 5 skd

11:30 Pump stopped

12:00 Injecting ethanol

20:00 Injecting DMC and salt 0.4 M
23:00 Injecting DMC only

25:00 Injecting ethanol only

27:00 Injecting water only

30:00 Propane only

33:00 Stop flame

Table 23 Test procedure test 24

Time Min:sec Comment

0 FTIR measurement started

0:27 First numbers from FTIR available
2:00 Start HRR measurements

3:00 Start propane flame

6:00 Start injecting DMC 15 ml/min with salt problematic
11:15 Decreased to 10 ml/min

14:25 DMC finished

15:00 Start again

15:05 Started injecting weater also, stop in system directly
17:00 Stop flame

Table 24 Test procedure test 25

Time Min:sec Comment

0 FTIR measurement started

0:37 First numbers from FTIR available
2:00 Start HRR measurements

3:00 Start propane flame 7 skd

5:00 Start injecting DMC 15 ml/min
7:00 Start injecting DMC with salt 1 M
10:00 Spary became beam, turned injection off
12:00 Stop flame
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Table 25 Test procedure test 26
Time Min:sec Comment
0 FTIR measurement started
0:38 First numbers from FTIR available
2:00 Start HRR measurements
3:00 Start propane flame 7 skd
4:00 Start injecting DMC 15 ml/min with salt 1 M
5:00 Water spray into flame
5:40 Spray became beam
7:00 Injecting water through needle for cleaning
11:00 Start injecting DMC 15 ml/min with salt 1 M
11:50 Water spray into flame
12:30 Spray became beam
15:00 Stop flame
Table 26 Test procedure test 27
Time Min:sec Comment
0 FTIR measurement started
0:30 First numbers from FTIR available
2:00 Start HRR measurements
2:30 Cakecup with 1 M DMC placed into Cone calorimeter
2:47 Radiation starts, immediate ignition
5:45 Flames extinguish themself
11:45 End heat exposure
Test28

0.4M salt in DME in cakecup, 15 kW/m? radiation applied as heating, spark placed above surface

Ignition about 13 s after heat radiation started.
The electrolyte burned up and then new was added at 7 minutes 35 s.

Unfortunately the FTIR program ceased to work during this test.

Test 28

HRR, kW
35

’ 4

25 ‘
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o \
| y
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-0.5 0

Time, min

Figure 17 HRR test 28
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HF and POF; test 28
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Appendix B Results from batterycell tests
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Figure 1 Concentration of CO, measured by FTIR in Test 1.
10
. L
—~ 6 |
o L
2 L
i /A\/UL
2 | _/ S —
0 i U — 1 L I 1 1 1 } 1 1 1 } 1 1 1 1
0 5 10 15 20

Time (min)

Figure 2 Production rate of CO, measured by FTIR in Test 1.
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Figure 3 Concentration of CO measured by FTIR in Test 1.
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Figure 4 Production rate of CO measured by FTIR in Test 1.
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Figure 5 Concentration of CO, measured by FTIR in Test 2.
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Figure 6 Production rate of CO, measured by FTIR in Test 2.
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Figure 7 Concentration of CO measured by FTIR in Test 2.
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Figure 8 Production rate of CO measured by FTIR in Test 2.
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Figure 9 Concentration of CO, measured by FTIR in Test 3.
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Figure 10 Production rate of CO, measured by FTIR in Test 3.
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Figure 11 Concentration of CO measured by FTIR in Test 3.
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Figure 12 Production rate of CO measured by FTIR in Test 3.
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Figure 13 Concentration of CO, measured by FTIR in Test 4.
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Figure 14 Production rate of CO, measured by FTIR in Test 4.
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Figure 15 Concentration of CO measured by FTIR in Test 4.
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Figure 16 Production rate of CO measured by FTIR in Test 4.
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Figure 17 Concentration of CO, measured by FTIR in Test 5.
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Figure 18 Production rate of CO, measured by FTIR in Test 5.
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Figure 19 Concentration of CO measured by FTIR in Test 5.
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Figure 20

Production rate of CO measured by FTIR in Test 5.
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Figure 21 Concentration of CO, measured by FTIR in Test 6.
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Figure 22 Production rate of CO, measured by FTIR in Test 6.
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Figure 23 Concentration of CO measured by FTIR in Test 6.
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Figure 24 Production rate of CO measured by FTIR in Test 6.
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Production rate of CO, measured by FTIR in Test 7.
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Figure 27 Concentration of CO measured by FTIR in Test 7.
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Figure 28 Production rate of CO measured by FTIR in Test 7.
Table 1 Results of CO, analysis with FTIR from test 1-5.
Test no Total Total
amounts yields
with burner (mg/g)
contribution
subtracted
(9)
1 599 488
2 610 496
3 646 525
4 553 450
5 653 532
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Table 2 Results of CO analysis with FTIR from test 1-5.
Testno Max Total Total
production amounts yields
rate (9/s) (9) (mg/g)
1 0.041 6.0 4.9
2 0.038 6.2 5.0
3 0.050 6.7 5.4
4 0.011 8.4 6.8
5 0.016 7.6 6.2
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Figure 29 Concentration of HF measured by FTIR in Test 1.
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Figure 30

Production rate of HF measured by FTIR in Test 1.
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Concentration of HF measured by FTIR in Test 2.
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Production rate of HF measured by FTIR in Test 2.
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Figure 33 Concentration of HF measured by FTIR in Test 3.
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Production rate of HF measured by FTIR in Test 3.
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Figure 35 Concentration of HF measured by FTIR in Test 4.
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Figure 36

Production rate of HF measured by FTIR in Test 4.
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Figure 37 Concentration of HF measured by FTIR in Test 5.
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Production rate of HF measured by FTIR in Test 5.



Testimony of John Hinckley, Q.E.P.

Exhibit STPB-JH-1

EFSB 21-02
Page 209
B20
50
40
— 30
£
Q L
Z
% 20
10
0 L~ J‘-—r\ |/'\/|‘\AM A f 1 1 1 1 I 1 1 I 1
0 5 10 15 20 25
Time (min)
Figure 39 Concentration of HF measured by FTIR in Test 6.
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Figure 40

Production rate of HF measured by FTIR in Test 6.
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Figure 41 Concentration of HF measured by FTIR in Test 7.
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Figure 42

Production rate of HF measured by FTIR in Test 7.
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Appendix C Photos from cell experiments
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Figure 1 Burner during blank test 1

Figure 2 Typical outburst test 1

Figure 3 Later stage of fire Test 1
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Figure 4 Outburst example test 2

Figure 5 Close up of test 2.

Figure 6 After test 2
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Figure 7 Applying water test 3

Figure 8 Applying water test 3
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Figure 9 Applying water test 3
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Figure 10 Cells for test 6 in their test container
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Figure 11 Test 6

Figure 12 Test 6
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Figure 13 Laptop cells in their container placed on burner before test 7

Figure 14 Outburst example test 7

Figure 15 Outburst example test 7



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 217

C7

Figure 16 Outburst example test 7
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EXECUTIVE SUMMARY

This document serves as the BASF Corporation’s (BASF) 112(g) case-by-
case maximum achievable control technology (MACT) analysis and
application for its lithium ion battery (LIB) plant at the Elyria, Ohio,
facility. The Ohio Environmental Protection Agency (OEPA) requested
that BASF conduct a case-by-case analysis to propose a MACT emission
limit or standard because the LIB plant is a new major source of
hazardous air pollutants (HAP) and not specifically regulated or
exempted from regulation under another subpart of 40 CFR Part 63.

The analysis was conducted in accordance with the requirements specified
in 40 CFR Part 63, §63.40 through §63.44. Various sources of information
were investigated to ensure that all possible control strategies were
identified that could feasibly be applied to the LIB plant operations to
achieve the maximum degree of emissions reduction. The relevant
information sources used in this analysis included sources recommended
by OEPA and other industry resources.

Review of the available information with respect to control technologies
concludes that a new baghouse/fabric filter will operate with a higher
control efficiency than a wet scrubber or cyclone, and as good, if not
better, than a new electrostatic precipitator (ESP). Further consideration
of control technology for this case-by-case MACT could then be limited to
either a fabric filter or ESP.

To evaluate the control technologies employed by similar sources, a
nationwide control technology search was conducted. The nationwide
control technology search included review of available air permits for
facilities identified to have manufacturing operations similar to the LIB
plant (i.e., battery material manufacturers and battery assemblers in the
electric drive vehicle and hybrid-electric vehicle industry). As part of this
search, the RACT/BACT/LAER Clearinghouse (RBLC) database also was
queried for all PM determinations made within the past 5 years. These
two searches both lead to the conclusion that the best controlled similar
source employs a fabric filter. A detailed review of the promulgated
MACT standards in 40 CFR Part 63 revealed that no similar source must
achieve a greater degree of HAP emission reduction than identified in the
nationwide control technology review.

In accordance with 40 CFR 63.43(e), BASF proposes to use fabric filters for
particulate matter (PM) and PM-HAP emission control on all LIB plant
process operations except the kilns. PM emissions from the kilns are
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inherently low and therefore, no additional control is proposed for the
kilns. The proposed emission limitation for the LIB plant takes the form of
an equipment/operational standard. This approach to a proposed
emission limitation is consistent with, and supported by, both the
regulatory history of case-by-case MACT and specific instructions from
the OEPA. Several specific operational /monitoring standards also are
proposed to demonstrate continuous compliance with the proposed
equipment/operational standard.
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INTRODUCTION

This document serves as the BASF Corporation’s (BASF) 112(g) case-by-
case maximum achievable control technology (MACT) analysis and
application for its lithium ion battery (LIB) plant at the Elyria, Ohio,
facility. This analysis is being submitted in conjunction with the permit to
install (PTI) applications (initial application A0045081 and two subsequent
applications A0046796 and A0047014), previously submitted for the LIB
plant to the Ohio Environmental Protection Agency (OEPA). Standards
promulgated pursuant to Section 112(g) of the Clean Air Act Amendments
of 1990 (CAAA) regulate constructed (i.e., new) and reconstructed major
sources of HAPs and consist of five standards under 40 CFR Part 63,
§63.40 through §63.44. Appendix A contains the text of these standards.
Section 63.43 requires that an application for a case-by-case MACT
determination be submitted to the permitting authority as part of the
construction permitting process.

FACILITY BACKGROUND

BASF began construction on the new Elyria, Ohio, cathode material
manufacturing operations on November 28, 2011. The new operations
were designed to produce nickel/manganese/cobalt (NMC) cathode
material for lithium ion batteries. Construction of the new operations, i.e.,
the LIB plant, was accomplished through a cooperative agreement
between BASF Catalysts LLC and the United States Department of Energy
(US DOE) established to support the anticipated growth in the LIB
industry and, more specifically, the electric drive vehicle and hybrid-
electric vehicle industry. Construction of the LIB plant, which included a
single kiln unit, was completed on June 11, 2012. In June 2013,
construction of a second kiln unit began. The expected completion date
for construction of the second kiln unit is December 2014, and the
anticipated startup date of operation of the second kiln is January 2015.

The cathode materials manufacturing process consists of state-of-the-art
operations, including: metal carbonate process operations, metal
hydroxide process operations, mixed materials process operations, and
cleanup operations. Collectively, the operations are equipped with 13
fabric filtration systems that were designed and are operated to achieve
the highest degree of control affordable for particulate matter (PM) and
hazardous air pollutants (HAPs) (nickel, manganese, and cobalt
compounds). Although these filters operate to produce very low air
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pollutant emissions, emission reductions achieved through use of the
control devices installed as part of the LIB plant construction are not
considered federally enforceable, and therefore, potential emissions must
be based on uncontrolled emissions from the operations. The resulting
potential HAP emission rate for the LIB plant is above the HAP major
source threshold of 25 ton/year of any combination of HAPs. As such, the
LIB plant is considered a new major source of HAP.

PROCEDURAL REQUIREMENTS FOR A CASE-BY-CASE MACT
DETERMINATION

The OEPA requested that BASF conduct a case-by-case analysis to
propose a MACT emission limit or standard because the LIB plant is a
new major source of HAP and not specifically regulated or exempted from
regulation under a standard issued pursuant to Sections 112(d), 112(h), or
112(j) of the CAAA that has been incorporated in another subpart of

Part 63.

The requirements for a 112(g) case-by-case MACT analysis are described
in 40 CFR § 63.43(e). Under that section, an application for a MACT
determination must specify a control technology selected by the owner or
operator that, if properly operated and maintained, will meet the MACT
emission limit or standard as proposed by the applicant and approved by
OEPA according to the principles set forth in 40 CFR § 63.43(d).

For a new source, MACT is defined as the emission limitation which is not
less stringent than that achieved in practice by the best controlled similar
source and which reflects the maximum degree of deduction in emissions
that is achievable by the constructed or reconstructed major source. In
accordance with § 63.43(d)(3), the MACT standard may be determined to
be a specific design, equipment, work practice, or operational standard, or
a combination thereof, if it is not feasible to prescribe or enforce an
emission limitation.

Table 1 lists the information that is required to be submitted in a case-by-
case MACT analysis, to the extent needed to support a proposed MACT
emission limit or standard. Table 1 also shows the location that such
information is provided in BASF documents.

In addition to the 112(g) case-by-case MACT requirements, §63.43(c)(4)
specifies that BASF must comply with all applicable requirements of
Subpart A of 40 CFR Part 63 with respect to operation of the LIB plant.

ERM 2 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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These requirements, which are known as the MACT general provisions,
are found in §§ 63.1 through 63.16. As an example, BASF will prepare a
startup, shutdown, and malfunction plan for the LIB plant in accordance
with § 63.6(e)(3).

Table 1. Information Requirements to Support a Case-by-Case MACT

Determination as Described in 40 CFR §63.43(e)

Application Requirement

Location of Requirement
Content

(i) The name and address of the major source PTI Applications
(if) A brief description of the major source and identification
of any listed source category or categories in which it is PTI Applications

included

(iii) The expected commencement date for the construction

PTI Applications and this

MACT Analysis
. . . PTI Applications and this
(iv) The expected completion date for construction MACT Analysis
. PTI Applications and this
(v) The anticipated date of start-up MACT Analysis
(vi) The HAP(s) emitted by the source and the estimated PTI Applications and this
emission rate for each such HAP MACT Analysis
(vii) Any federally enforceable emission limitations PTI Applications
applicable to the constructed major source
(viii) The maximum and expected utilization of the source
and the associated uncontrolled emission rates for that PTI Applications

source

(ix) The controlled emissions for the source in tons per year

PTI Applications and this

at expected and maximum utilization MACT Analysis

(x) A recommended emission limitation for the constructed

or reconstructed major source consistent with the principles | This MACT Analysis
set forth in §63.43(d)

(xi) The selected control technology to meet the . .
recommended MACT emission limitation This MACT Analysis
(xii) Supporting documentation, including identification of

alternative control technologies considered by the applicant | This MACT Analysis
to meet the emission limitation

(xiii) Any other relevant information required pursuant to This MACT Analysis

40 CFR 63 Subpart A

OVERVIEW OF BASF CASE-BY-CASE MACT ANALYSIS

METHODOLOGY

Defining MACT is generally a two-step process: 1) identify a control

technology that represents the highest control achieved in practice by the
best-controlled similar source, and 2) determine whether stricter controls
are achievable in light of costs, non-air quality health and environmental
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impacts, and energy requirements. BASF’s case-by-case MACT analysis is
based on this process and entails first identifying the emission control
which is achievable in theory at the LIB plant and achieved in practice by
the best controlled similar source and then using the information to
determine MACT (i.e., the maximum degree of reduction in emissions of
HAP that is achieved in practice).

Section 2 of this report describes the LIB plant and the operations within
the plant. This information is presented to assist the reader in
understanding the MACT concept of “similar source” and to assist in
determining technically feasible control technologies. Section 3 presents
an evaluation of control technologies used in practice for similar sources,
and Section 4 identifies sources similar to the LIB plant and the emission
control technologies utilized by those similar sources. Section 5 presents
the proposed MACT control technology and operational standards of the
control technology in order to demonstrate continued compliance.
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LITHIUM ION BATTERY CASE-BY-CASE MACT CONSIDERATIONS

LIB PLANT PROCESS OVERVIEW

The BASF LIB plant (cathode material manufacturing process) consists of
15 process operations identified as Cathode-1 through Cathode-15. These
operations have the potential to emit PM, including inorganic solid phase
metal HAPs. Raw materials consist of mixed metal powders, and the end
product is a dry powder material that is packaged in drums or bags. The
manufacturing process begins with receipt of raw materials (non-HAP
metal carbonate and HAP metal hydroxide). The raw materials are
milled, mixed, and then chemically combined in one of two kilns. The
resulting chemical is a HAP compound (cobalt compound/manganese
compound/nickel compound) that is again milled and blended before
packaging. Once the raw materials are introduced, the entire
manufacturing process takes place in a closed system.

Process equipment within the LIB plant were designed and constructed to
achieve maximum recovery of valuable raw materials and products from
all operations. The mills and blenders are specifically designed to
minimized dust generation and maximize material recovery. Except for
the two kilns, all process equipment are served by a dust filter (the LIB
plant includes 13 such filters).

Table 2 lists the process operations, the identification numbers of the
associated primary and secondary control devices, and the associated
stacks. (Process descriptions in this table are considered trade secret
information). A total of 7 stacks are used to discharge emissions from the
15 processes. As identified in Table 2, air streams from Cathode-1 through
Cathode-7 are combined after control and prior to being discharged to the
atmosphere through Stack A1, air streams from Cathode-9 and
Cathode-13 are combined after control and prior to being discharged
through Stack A2, and air streams from Cathode-11 and Cathode-12 are
combined after control and prior to being discharged through Stack A9.
All other stacks serve individual processes.

ERM 5 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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OPr;'Cai?zn Description® C(::l)llelz:or After Filter Stack

Cathode-1 DE-1

Cathode-5 DEF-5 AF-2

Cathode-3 DE-3 AF-1

Cathode-2 DE-2 Al

Cathode-4 DF-4

Cathode-6 DF-6 AF-3

Cathode-7 DEF-7

Cathode-9 DEF-12, DF-8 AF-4

Cathode-13 DF-8 A2
DF-11 AF-7

Cathode-10 DF-9 AF-5 A3

Cathode-8 A4

Cathode-14 A6

Cathode-11

Cathode-12 DEF-10 AF-6 A9

Cathode-15 DF-13 AF-8 A10

a. The process descriptions are considered trade secret information.

Figure 1 presents a schematic of the process flow through the LIB plant.

(The process descriptions in Figure 1 are considered trade secret

information). Raw materials (the non-HAP material and the precursor

material) enter the process on the left side of the schematic and are
processed from left to right. The numerous low-flow dust filters, as well
as the after filters, are shown connected to process operations identified in
Table 2. As illustrated in Figure 1, the LIB plant consists of a large number

of enclosed and intricately-connected processes.
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Figure 1. Process flow diagram for the BASF Lithium Ion Battery Plant.
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LIB PLANT AIR CAPTURE AND FLOW SCHEMES

Process equipment are constructed as fully-enclosed units to completely
eliminate fugitive loss of raw or process materials. Material transfer
between equipment units takes place through enclosed pipe or conveyors.
Table 3 describes the properties of the capture systems that have been
incorporated into the LIB plant operations. A large portion of the LIB
plant is occupied by the sagger conveyor system that receives raw
material for delivery to the two kilns and transports processed material to
the unloading station after the kilns. The sagger conveyor system is
located within a three-story housing that operates under negative
pressure and functions as a permanent total enclosure (PTE) to capture all
escaping air for delivery to various fabric filtration systems. The two kilns
are isolated from the PTE by kiln entry and exit point airlocks that prevent
the air in the housing from entering the either kiln.

The two mills are the largest individual processes from an air volume
standpoint. These mills (Cathode-5 and Cathode-10) incorporate state-of-
the-art high-efficiency cyclones/collection vessels as intermediate product
capture devices to separate most of the material from the air stream prior
to passing through the filters. A majority of the air stream exiting the mill
tilters is recycled back to the mills to maintain sufficient flow of dry air
through the mills to avoid moisture uptake by the process material. The
only air added to the recycle loop is fresh dry air used to flush seal gaps
around rotating parts of the mill and a small amount as entrained air with
the process material. The balance of added air and recycle air results in
less than 10 percent of the air stream exiting the mill filters that must be
vented to the atmosphere to maintain the required recycle air flow rate.

Minimum air flows are maintained from all other process equipment to all
filters (air flow rates through individual filters range from 30 cubic feet
per minute [cfm] to 2,350 cfm), so as to minimize dust entrainment in the
airstream and minimize the air-to-cloth ratios (as shown in Table 3),
ultimately maximizing the degree of control. All of the separated material
is either returned directly to the process from which it originated or
collected in a plastic-lined drum for reuse in subsequent processing. To
further prevent potential material loss, all process equipment equipped
with a dust filter, except the non-HAP metal carbonate unloading
operation, are exhausted through a subsequent in-line after filter prior to
being discharged to the atmosphere. These after filters, some of which are
high efficiency particle air (HEPA) filters, were added to the
HAP-containing processes to provide a continuous secondary layer of
control should a malfunction of a primary control/recovery device occur.

ERM 8 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 235
Table 3. PM Capture and Filter Design Parameters for HAP-containing Process Equipment
Process Filter Design
Gpetition Equipment Description Equipment Discharge/Transfer Mechanism Source of Exhaust Air Air-to-Cloth
ratio
Cathode-1 | Not in HAP service
Cathode-5 | Notin HAP service
Cathode-3 Standard fully-enclosed Supersack handling bin Attached via hard pipe to Cathode-4 Ind.uce‘rd draft ?Ctmg as an inductor to 40
(off-the-shelf) assist in material transfer
Cathode-2 | Notin HAP service
Standard fully enclosed hopper with rotary . Displaced air during Cathode-3
Cathode-4 discharge valve (off-the-shelf) Hard pipe/short screw conveyor to Cathode-6 operation 1.8
Cathode-6 | Standard fully-enclosed mixer (off-the-shelf) Hard pipe to Cathode-7 feed hopper/short Small induced draft to clear mixer 1.8
screw conveyor
Three-story PTE for containing sagger conveyor Induced draft to maintain negative
Cathode-7 | (loading, unloading, cleaning) and kiln airlock Dropped via hard pipe to Cathode-9 pressure in housing; multiple pick-up 1.9
(field constructed) points
Hard pipe to enclosed feed bin equipped with Displaced air when transferrin
Cathode-9 | Standard fully-enclosed crusher (off-the-shelf) short screw conveyor; rotary valve discharge to p'a J 1.9
material to Cathode-10
Cathode-10.
Three-story PTE for containing sagger conveyor Induced draft to maintain negative
Cathode-13 | (loading, unloading, cleaning) and kiln airlock Dropped via hard pipe to Cathode-9 pressure in housing; multiple pick-up 1.9
(field constructed) points
. Air conveyed to product collector for transfer . . .
Cathode-10 | Standard, fully-enclosed mill (off-the-shelf) via hard pipe to Cathode-11 Intermediate product conveying air 3.6
Fully-enclosed indirect-heated dryer with Inlet and outlet airlocks to accommodate sagger Airlock exh'ausjc and sn}all induced .
Cathode-8 . . draft to maintain negative pressure in none
airlock (field constructed) conveyor Kiln
Fully-enclosed indirect-heated dryer with Inlet and outlet airlocks to accommodate sagger Airlock exh.ausjc and sn}all induced .
Cathode-14 | . . draft to maintain negative pressure in none
airlock (field constructed) conveyor Kiln
Standard fully enclosed hopper with screw .
Cathode-11 discharge (off-the-shelf) Hard pipe to Cathode-12 None 1.8
Cathode-12 | Fully-enclosed packaging station (off-the-shelf) }c\r/[:rt::eil is completely packaged prior to Small induced draft to clear enclosure 1.8
Cathode-15 | Central Vacuum Unit (off-the-shelf) Dust is collected in receiver bin Vacuum unit 22
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LIB PLANT EMISSION CALCULATIONS

Table 4 presents a summary of uncontrolled and controlled potential PM
and HAP emissions for each LIB plant processes as well as each stack after
air streams are combined. (Process descriptions in this table are
considered trade secret information). These emission rates were originally
presented in the LIB plant PTT applications cited in Section 1 of this report.
Potential uncontrolled emissions are based on uncontrolled AP-42
emission factors for metallic mineral processing, while annual controlled
mass emissions (ton/yr) are calculated after applying an assumed control
efficiency of 99%, taking into account only the control achieved by the
primary dust filters (pulse-jet fabric filters).!

As noted above, the calculated values presented in Table 4 are to allow
comparison to the values originally presented in the LIB plant PTI. These
values are for illustration only, and caution is warranted when attempting
to extrapolate the calculated results for other uses. The primary reason for
this caution is that the calculated values present an indication of the outlet
conditions from the controlled processes, but the values themselves are
not completely accurate. The algebraic relationship between hourly mass
inlet and outlet loadings inherently produce higher calculated control
efficiencies with higher inlet mass rates. Additionally, consistency of
results between this calculated efficiency and a calculated outlet
concentration cannot be maintained between identical fabric filtration
systems. This is because for a given combination of filter design and dust
loading, the overall efficiency of a fabric filter is more likely to vary with
inlet particulate mass loading (i.e., pounds per hour) whereas the outlet
particle concentration (i.e., grains per cubic foot) from a fabric filter is
nearly constant.®

The algebraic anomaly around control efficiency calculations can be
demonstrated by comparing the controlled emission rates for Cathode-5
and Cathode-10 in Table 4. The fabric filters associated with these two
processes (DF-5 and DF-9, respectively) are identical in all ways (i.e.,
manufacturer, design, fabric filter bag model), and the inlet concentrations

i Compilation of Air Pollutant Emission Factors, AP-42, Fifth Edition (8/82). Volume I, Section 11.24: Metallic
Minerals Processing

s tationary Source Control Techniques Document for Fine Particulate Matter, Air Quality Strategies and Standards
Division, U.S. EPA, October 1998. http:/ /www.epa.gov/ ttncatcl/dirl/finepmtech.pdf
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are nearly the same. Because DF-5 and DF-9 are based on the exact same
design criteria (air-to-cloth ratio), the outlet PM concentrations for the
units should be the same. However, using the controlled PM emission
rates (based on 99% control) and air flow rates provided in Table 4 for
DEF-5 and DF-9 results in a calculated PM concentration of 0.0043 gr/dscf
for DF-5 and 0.0054 gr/dscf for DF-9. As per the USEPA document cited
above, the outlet concentration of DF-9 should be the same as that for
DEF-5 (because the filter designs are the same), and the control efficiency of
DF-9 should be higher than that of DF-5 (because the inlet mass loading is
twice as high in DF-9 as in DF-5).

Controlled concentrations (grains per dry standard cubic foot [gr/dscf] of
gas) are calculated based on the annual controlled mass emissions and the
outlet gas flow rates reported in Table 4. Due to the conservative nature
of the emission factors and assumed control efficiency, both the
uncontrolled and controlled emissions are higher than would actually be
expected. This is especially true for the mills that employ specially-
designed high-efficiency cyclones/collection vessels for material
separation prior to the dust collector (PM separation in these high-
efficiency cyclones is likely not accounted for in the AP-42 emission factor
that was established in 1982.) In addition, no additional control has been
applied to account for performance of the after filters.

As seen in Table 4, the total uncontrolled HAP emission rate is

46.6 ton/year. The individual HAP component of the uncontrolled
emission rate varies depending on the product formulation. The largest
individual HAP metal component in the precursor material for any
product is nickel, and the largest fraction of nickel in any product is 50
percent. The precursor material is added to the lithium carbonate at a
ratio of approximately 7 to 3 (i.e., 70 % precursor). The calcination process
that occurs within the kilns chemically combines the raw materials into a
single compound. Although the new compound is less than 100 percent
element HAP, the Clean Air Act of 1990 defines the metal-bearing HAP as
the HAP compound. Thus, the entire quantity of material leaving the kiln
is considered the HAP compound (i.e., a compound of nickel, cobalt, and
manganese). Therefore, the largest single HAP uncontrolled emission rate
is 46.3 ton/ year of nickel compound, assuming continuous manufacturing
of the product containing the largest ratio of nickel. This emission rate
was calculated assuming the material HAP fraction in emissions from
Cathode-3 and Cathode-4 are 50 percent nickel, emissions from Cathode-6
and Cathode-7 are 35 percent nickel, and emissions from the kilns and all
subsequent process operations (i.e., Cathodes-8 through 14) are 100
percent nickel compounds.
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Table 4. Summary of LIB Plant Potential Uncontrolled and Controlled Emissions

e Controlled Outlet Controlled Emissions
Uncontrolled .
. Dust Emissions® Gas at Outlet of Stack®
Process . Emissions Stack
. Description® Collector Flow
Operation ton/yr ID ton/yr Rate ID ton/yr gr/dscf©
PM HAP®@ PM HAP (acfm) PM HAP PM HAP
Cathode-1 0.10 0 DE-1 0.0010 0 300
Cathode-5 229 0 DF-5 0.23 0 1,423()
Cathode-3 0.17 0.17® DE-3 0.0017 0.0017 300
f
Cathode-2 0.32 0 DF-2 0.0032 0 Al 0.24® ] 0.0071 | 0.0019 | 0.0001
Cathode-4 0.17 0.17® DF-4 0.0017 0.0017 13000
Cathode-6 0.26 0.18M DF-6 0.0026 0.0018 ’
Cathode-7 0.26 0.18M DE-7 0.0026 0.0018
DE-12
Cathode-9 0.62 0.62 0.0062 0.0062
/DE-8 1,300
DE-8 A2 0.0080 | 0.0080 | 0.0001 | 0.0001
Cathode-13 0.19 0.19 0.0018 0.0018
DE-11 116
Cathode-10 445 445 DF-9 0.44 0.44 2,213() A3 0.44® 0.44 | 0.0054 | 0.0054
Cathode-8 0.13 0.130) none 0.13 0.13 3,500 A4 0.13 0.13 | 0.0010 | 0.0010
Cathode-14 0.13 0.130) none 0.13 0.13 3,500 A6 0.13 0.13 | 0.0010 | 0.0010
Cathode-11 0.19 0.19
DE-10 0.0037 0.0037 2,350 A9 0.0037 | 0.0037 | 0.0042 | 0.0042
Cathode-12 0.19 0.19
Cathode-15 0.002 0.002 DF-13 0.0015 0.0015 208 A10 0.0015 | 0.0015 | 0.0049 | 0.0049
TOTAL 70.2 46.6 0.96 0.73 0.96 0.73

Footnotes for Table 4 are defined on the following page.
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Footnotes for Table 4:

a. The process descriptions are considered trade secret information.

b. Controlled emissions account for dust filter control efficiency (99% was assumed), but do not account for additional reductions achieved in the after
filters.

c. The outlet grain loadings identified for each process operation do not represent the design loading for the associated control device; the outlet grain

loadings were calculated based on the controlled emission rate, which was conservatively assumed to be 99% control, and the maximum air flow rate

(see Subsection 2.3 for more detail.)

Total HAP emissions include nickel/ manganese/cobalt compounds.

The majority of the air flow must be returned to the process (see Subsection 2.2 for more detail).

Assuming 90% of the air flow is recycled to the mills, the controlled PM emission rate for stack A1 is 0.036 ton/yr and for stack A3 is 0.044 ton/yr.

The precursor material loaded to the system in Cathode-3 is 100% total HAP with a maximum individual HAP content of 50% (nickel - see

Subsection 2.3 on pg. 11 for more detail).

The material processed in Cathode-6 and -7 has a maximum precursor content of 70% which results in a total HAP content of 70% and maximum

individual HAP content of 35% (nickel - see Subsection 2.3 on pg. 11 for more detail).

i.  The air flow rate through the fabric filters associated with Cathodes-2, -4, -6, and -7 are regulated by individual pressure control loops that control the
blower output to maintain the pressure set-point. The pressure set-points for Cathodes-2, -4, and -6 maintain maximum air flow rates of 30 acfm with
the balance air flow through Cathode-7.

j- The calcination process that occurs in the kilns chemically combines the raw materials into a single compound; as such, the material exiting the kiln is
considered a single metal HAP compound based on the definition of metal-bearing HAP in the Clean Air Act of 1990 (see Subsection 2.3 on pg. 11 for
more detail).

R N
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EVALUATION OF AVAILABLE CONTROL TECHNOLOGIES

In accordance with 40 CFR 63.43(d)(1) and (2) (reproduced in

Appendix A), MACT requirements recommended by an applicant must
not be less stringent than the emission control which is achieved in
practice by the best controlled similar source. A case-by-case MACT
analysis must define a control strategy, based upon available information,
that can achieve the maximum degree of reduction in emissions of HAP.
In the hierarchy of air pollution control strategies, therefore, a MACT
control strategy would represent the ultimate degree of control
achievable. An applicant must also determine whether stricter controls
are achievable. This determination can be facilitated by reviewing
emission control concepts established for similar sources by other
regulatory programs such as New Source Review and New Source
Performance Standards.

The following sections describe the various information sources
investigated, as recommended by OEPA, to ensure that all possible
control strategies were identified that could feasibly be applied to the LIB
plant operations to achieve the maximum degree of emissions reduction.
When reviewing information in this section, as well as Section 4 that
follows, the reader should be cognizant of the original intention of U.S.
Environmental Protection Agency (USEPA) with respect to data collection
for a case-by-case MACT evaluation. While every effort was made to
collect complete and relevant information, the use of the information is
guided by USEPA’s intention, as stated in the preamble to the final case-
by-case MACT rule:

The EPA wishes to clarify that the requirement in §63.43(e)(2)(vi)
to list emission rates is intended as background information to
enable the permitting authority to identify the pollutants
requiring MACT controls. The EPA recognizes that there is often
a significant effort required to obtain precise estimates of HAP
emission rates and speciations. The EPA does not intend in this
paragraph to require a greater level of detail than is necessary for
evaluating applicability and emission control issues. (61 FR 68393,
December 27, 1996)
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SUMMARY OF AVAILABLE CONTROL TECHNOLOGIES

The USEPA Clean Air Technology Center (CATC) website maintains
Technical Bulletins and Air Pollution Technology Fact Sheets for a variety
of control technologies. A review of the Technical Bulletins and Fact
Sheets identified several technologies capable of controlling PM, PM with
an aerodynamic diameter less than 10 microns (um) (PM10), PM with an
aerodynamic diameter less than 2.5 microns (PM2.5), and particle-phase
HAP (PM-HAP) emissions.

Table 5 presents a summary of CATC-identified PM control technologies
and the expected control efficiencies. Table 5 shows that a new
baghouse/fabric filter will commonly operate with a control efficiency of
99% and greater. The same is shown for a new electrostatic precipitator
(ESP). Table 5 also shows that a wet scrubber or cyclone will operate with
a maximum control efficiency equal to the low range of control achieved
by a fabric filter or ESP. Thus, one can conclude that further consideration
of technology for this case-by-case MACT can be limited to either a fabric
tilter or ESP. (As concluded in Section 4, however, similar sources employ
fabric filtration.) The following subsections provide additional discussion
of fabric filters and, to a lesser extent, ESPs. A brief description of a
cyclone is also included because the mills incorporate a high-efficiency
cyclone as an integral part of the process. Finally, a description of
extended media is included to describe the HEPA after filters.

Table 5. Summary of PM and PM-HAP Control Technologies and
Control Efficiencies

o 5
Control Category | Control Type P(;,lll\l/['ltant T{eml(’)l‘\lllall OEfﬁlclen;)l;[(Z/jg
Baghouse/Fabric i\)ﬁzzjgcal Shaker Older existing equipment: 95 to 99.9
Filter Reverse-Air/ Reverse Jet New equipment: 99 to 99.9
Dry Electrostatic Wire-Pipe Older existing equipment: 90 to 99.9
Precipitator (ESP) | Wire-Plate New equipment: 99 to 99.9
Wet ESP W%re—Pipe Older existing equipment: 90 to 99.9
Wire-Plate New equipment: 99 to 99.9
Condensation I | 99+
Impingement-Plate/ Tray-Tower 50 to 99
Mechanically-Aided 80 to 99
Wet Scrubber Orifice 80 to 99
Packed-Bed/ Packed-Tower | 50 to 95
Spray-Chamber/Spray-Tower 70 to 99
Venturi 70 to 99
Conventional 70 to 90 30 to 90 0 to 40
Cyclone High Efficiency 80 to 99 60 to 95 20 to 70
High Throughput 80 to 99 10 to 40 0to 10
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3.1.1 Baghouse/Fabric Filter'

A fabric filter unit consists of one or more isolated compartments
containing rows of fabric bags or cartridges. PM-laden gas passes through
the fabric where the particles are retained on the upstream face of the
bags, and the cleaned gas stream is vented to the atmosphere. The filter
operates by cycling between long periods of filtering and short periods of
cleaning. During cleaning (either mechanical or with air), dust that has
accumulated on the bags is removed from the fabric surface and deposited
in a hopper. (In the LIB plant, this dust is recovered for reintroduction
back into the process.)

Fabric filters collect PM with sizes ranging from submicron to several
hundred microns in diameter at efficiencies generally in excess of 99 or
99.9 percent. The layer of dust, or dust cake, collected on the fabric is
primarily responsible for such high efficiency, as it serves as a barrier that
traps PM as they travel through the cake. Fabric filters are used where
high-efficiency PM collection is required.

The major operating feature of fabric filters that distinguishes them from
other gas filters, such as HEPA filters, is the ability to renew the filtering
surface periodically by cleaning. Fabric filters are usually made of woven
or (more commonly) needle-punched felts sewn to the desired shape,
mounted in a plenum with special hardware, and used across a wide
range of dust concentrations.

Pulse-jet cleaning of fabric filters can treat high dust loadings, operate at
constant pressure drop, and occupy less space than other types of fabric
tilters. Because bags cleaned by pulse-jet do not need to be isolated for
cleaning, pulse-jet cleaning fabric filters do not need extra compartments
to maintain adequate filtration during cleaning. Also, because of the
intense and frequent nature of the cleaning, they can treat higher gas flow
rates with higher dust loadings. Consequently, fabric filters cleaned by
pulse jet can be smaller than other types of fabric filters in the treatment of
the same amount of gas and dust, making higher gas-to-cloth ratios
achievable.”

i EPA Air Pollution Control Cost Manual, Sixth Edition, EPA/452/B-02-001, January 2002,
http:/ /www.epa.gov/ttncatcl/dirl/c_allchs.pdf

v Stationary Source Control Techniques Document for Fine Particulate Matter, Air Quality Strategies and Standards
Division, U.S. EPA, October 1998. http:/ /www.epa.gov/ ttncatcl/dirl/finepmtech.pdf
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Important process variables include particle characteristics, gas
characteristics, and fabric properties. The most important design
parameter is the air- or gas-to-cloth ratio and the usual operating
parameter of interest is pressure drop across the filter system*. The gas-to-
cloth ratio has a major effect on particle collection mechanisms. This is a
ratio of the volumetric flow rate of gas per unit of filtering area, and is
usually expressed in the units of cubic feet per minute of gas per square
foot of fabric [(ft?/min)/ft?]. Higher gas-to-cloth ratios allow for smaller
tabric filters, but as the gas-to-cloth ratio increases, there is increased
pressure drop, increased particle penetration, blinding of fabric, more
frequent cleaning, and reduced bag life. Table 6 presents recommended
gas-to-cloth design conditions for various industrial dusts.

Table 6. Gas-to-Cloth Design Ratios for Pulse-jet Fabric Filters

Gas-to-Cloth Ratio for
Dust Pulse-jet Felt Fabric
(acfm/ft2 of net cloth area)
carbon black, graphite, fly ash, iron sulfate, lead oxide, 5106
soap, detergents, talc
alumina, bauxite, coal, cement, fertilizer, iron oxide, 708
limestone, paint pigments, plastics, silica, starch
asbestos, clay, cosmetics, enamel frit, feldspar, gypsum, 91011
iron ore, lime, mica, paper, quartz, rock dust, sand, spices
cocoa, chocolate, feeds, grain, flour, leather dust, sawdust, 12 to 14
slate, sugar

Source: Table 1.1, EPA Air Pollution Control Cost Manual, Sixth Edition, January 2002
3.1.2 Electrostatic Precipitator

An ESP is a PM control device that uses electrical forces to move the PM
out of the flowing gas stream and onto collector plates. The PM is given
an electrical charge by forcing them to pass through a corona, a region in
which gaseous ions flow. The electrical field that forces the charged PM to
move comes from electrodes maintained at high voltage in the center of
the flow lane. Resistivity of the PM is a key factor influencing the
successful use of an ESP, because the PM collected on the ESP plates or
wires must be removed without re-entraining it into the gas stream. PM
can become reentrained when the electrical charge is retained by the
particle such as occurs when handling high-resistivity materials. This

Y EPA Air Pollution Control Cost Manual, Sixth Edition, EPA/452/B-02-001, January 2002,
http:/ /www.epa.gov/ tincatcl/dirl/c_allchs.pdf
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difficulty can be lessened by conditioning the gas stream with water and
through the use of a wet ESP, but these mitigations make the collected PM
less amenable to re-introduction into the production process than particles
collected from a dry control system.

Cyclone

Cyclones operate to separate PM from a gaseous stream through the use
of centrifugal forces. Particle-laden gas is made to rotate in a decreasing
diameter pathway forcing solids to the outer edge of the gas stream for
deposition into the bottom of the cyclone. Because different-sized
particles display differing inertial properties, cyclones can also be used to
classify materials by particle size. Higher efficiency cyclones are designed
to achieve high control of smaller particles, but come with higher pressure
drops, which require higher energy costs to move the exhaust gas through
the cyclone.

Extended Media

In addition to the PM control devices discussed above, extended media
filters, such as HEPA and ultra-low penetration air (ULPA) filters, are
utilized in situations where high collection efficiency of submicron PM is
required, where toxic or hazardous PM cannot be cleaned from the filter,
or where the PM is difficult to clean from the filter. HEPA and ULPA
filters are installed as the final component in a PM collection system,
downstream from other PM collection devices such as ESPs or baghouses.

HEPA filters are composed of a mat of randomly arranged fibers. The
fibers are typically composed of fiberglass and possess diameters between
0.5 and 2.0 pm. The small fiber diameter and high packing density of the
filter media allow for the efficient collection of submicron PM. HEPA and
ULPA filters are generally not cleaned, because a dynamic cleaning
system would likely prohibit the filter from maintaining its rated
efficiency. The dust cake that forms on the filter media from the collected
PM will increase its collection efficiency. After sufficient dust cake forms
on the filter, however, the air flow rate will decrease to the point that
prevents adequate air flow, and the filter must be replaced and properly
disposed.
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HEPA filters, as defined by the DOE standard adopted by most American
industries, remove at least 99.97% of airborne particles 0.3 pm in
diameter."

DATA AVAILABLE FROM THE USEPA CONTROL TECHNOLOGY
CENTER

The USEPA’s Air Pollution Control Technology Center (APCTC) conducts
third party verification of commercial-ready technologies that control
stationary and mobile air pollution sources and mitigate the effects of
indoor air pollutants. The APCTC has verified technologies in a range of
categories, including:

e Baghouse filtration products

e Dust suppression and soil stabilization products

e Emulsified fuels

e Indoor air quality products

e Mobile sources devices

e Mobile sources fuels

e Mobile sources selective catalytic reduction

e Nitrogen oxide (NOx) control technologies for stationary sources
e Outdoor wood-fired hydronic heaters

e Paint overspray arrestors

e Volatile organic compounds (VOCs) emission control technologies

The baghouse filtration products category is the only technology category
tested that is relevant to the type of emissions (particle-phase) generated
by the LIB plant operations. This program area was designed to evaluate
the performance of particulate filters for fine-particle emission control.
Performance testing of filtration performance was conducted by the
APCTC during four separate rounds of testing: initial verifications
conducted in 2000, a second round of verifications conducted in 2001, a
third round in 2005 through 2007, and a final round in 2011 through 2012.

During each performance test, a small swatch of the fabric filter was tested
in a test apparatus (i.e., not an actual baghouse in operation at an
industrial facility). While the performance testing conducted on the fabric
tilter swatches do not directly translate to the efficiency of a particular

vi http:/ /www.iagsource.com/ article.php/what-is-a-hepa-filter-and-what-is-not-a-hepa-filter / ?id=20
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baghouse in practice, the results demonstrate continuous improvement in
the performance of the verified fabrics over the past decade."® As such,
tabric filters equipped with newer filter media will have a greater control
efficiency than fabric filters equipped with older filter models.

The dust collectors at the LIB plant employ the latest in fabric filtration
technology. As an example, the dust filters used for the mills (i.e., the
largest contributors to the uncontrolled emission estimate at the LIB plant)
are equipped with latest generation of filter media manufactured by the
Donaldson Company, Inc. (Donaldson), Tetratex Extreme PTFE-
Membrane (ePTFE). Donaldson actively participated in each round of the
baghouse filtration products verification studies by the APCTC. In fact,
three of the nine filter samples tested during the final round of verification
studies were samples of Donaldson’s Tetratex ePTFE filter technology.
Each of these three filter samples resulted in measured concentrations
below the detection limit of the study.

Vil The Evolution of Improved Baghouse Filter Media as Observed in the Environmental Technology
Verification Program, Paper #176, presented at the Air & Waste Management Association 101st Annual

Conference. June 2008. http:/ /www.epa.gov/etv/pubs/600etv08023.pdf

ERM 20 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 247

EVALUATION OF SIMILAR SOURCES

In accordance with the principles of MACT determinations specified in
40 CFR 63.43(d), the MACT requirements shall not be less stringent than
the emission control which is achieved in practice by the best controlled
similar source. Similar source, as defined in §63.43, means a stationary
source or process that has comparable emissions and is structurally
similar in design and capacity to a constructed or reconstructed major
source such that the source could be controlled using the same control
technology.

The preamble to the 112(g) case-by-case MACT rule provides two criteria
that should be used when determining if a source is considered similar:
1) whether the two sources have similar emissions, and 2) whether the
source can be controlled with the same type of control technology. The
preamble goes on to classify emission sources as one of five different
types: 1) process vent or stack discharges, 2) equipment leaks,

3) evaporation and breathing losses, 4) transfer losses, and 5) operational
losses. These five types of emission sources can serve as a general guide
in identifying available control options while also considering the
concentration and the type of constituents of a gas stream. USEPA also
states that while two pieces of apparatus can be classified within the same
emission source type, this does not automatically mean that the emission
points can be controlled using the same type of control technology. In
fact, the preamble explicitly states that “the EPA recognizes that control
efficiencies across similar sources may be different. The permitting
authority is expected to use its judgment in determining when operating
conditions are comparable across emission units.” "

The following subsections summarize the evaluation of available
information on emission controls that are achieved in practice by similar
sources. Per USEPA guidance, this evaluation considered the following
factors: the volume and concentration of emissions, the type of emissions,
the similarity of emission points, and the effectiveness of controls relative
to the effectiveness of those controls at the LIB plant, as well as other
operating conditions. "

viii

Federal Register, Volume 61, No. 250. Hazardous Air Pollutants: Regulations Governing Constructed or
Reconstructed Major Sources, Final Rule. pgs. 68394 and 68395. December 27, 1996.
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SIMILAR SOURCES WITHIN THE LIB INDUSTRY

Of the similar source evaluation factors identified by USEPA and listed
above, BASF considers the type of emissions and the similarity of
emission points as the most relevant factors. As noted earlier in this
report, the US DOE is supporting growth in the LIB industry and tracks
current process development. Because this development represents the
activity of the most relevant similar sources to the LIB plant, a nationwide
search was conducted to identify facilities with manufacturing operations
similar to the LIB plant. Such facilities would potentially be considered in
the same MACT source category as the LIB plant if one was listed by
USEPA. Using the US DOE activity as a starting point, two general types
of potentially similar facilities were identified: battery material
manufacturers and battery assemblers. Appendix B presents a summary
of the facilities identified in this search. The types of operations present at
these facilities (i.e., raw material handling and processing/conditioning)
were determined to represent the most valid comparison to the LIB plant
operations. Table 7 lists the permitted battery material manufacturers and
battery assembly facilities identified in the search and summarizes the
types of operations present at each facility as well as the permitted control
requirements, if available.

In all cases except one, the similar sources listed in Table 7 achieve PM
control through the use of a fabric filter or HEPA filter or combination of
both. Table 7 shows that sources within the LIB industry using a fabric
filtration system achieve the highest degree of control.
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Table 7. Similar Sources at Permitted Battery Material Manufacturers
and Battery Assembly Facilities
MH‘AP Emission
Company l\i/i[]i(:ll;):r Activity Operations Control Device Limit®
Source? (gr/dscf)
manufacture
nano-iron receiving, handling,
Al23 Systems minor phosphate milling, mixing, and fabric filter 0.01
- Romulus, MI L
cathode weighing
powder
DOW-Kokam manganese
- Midland minor oxide cathode | dry ingredient material dust collectors 0.001
Battery Park, / graphite handling and mixing and HEPA filters |
MI LIB assembly
EnerDel - synthetic
Indianapolis, y . LIB assembly mixers fabric filter 0.03
minor
IN
manufacture milling fabric filter
EnerG2, Inc. - minor high energy See footnote
Albany, OR density nano- below. ®)
carbon product bagging HEPA filter
ERACHEM milling, classifier,
) manufacture : .
Comilog, Inc. . material handling and o
.. minor manganese fabric filter 0.03
- Riviera carbonates transfer, and
Beach, MD roaster/ calciner,
LG Chem manganese-
Michigan minor based.cathode mfitferlal metering and fabric filter 0.001 to 0.003
Incorporated material LIB mixing
- Holland, MI assembly
manufacture
BASE . . mcke.l metal bulk bag unloading, fabric filter and
Corporation - minor hydride mixin HEPA filter 0.005
Troy, Ml battery &
material
not
applicable
Rockwood (subject only
Lithium - synthetic manufacture to state PM
. . Li2CO3 and material handling fabric filter -
Kings minor LiOH emission
Mountain, NC limits based
on process
weight rate)
raw material handling
Toda America manufacture and “Ti"i“g’ inte.rr'nediate fabric filter 0.001 to 0.03
- Battle Creek, minor NMC cathode han?ihn.g and.rr.uxmg, and
MI material calcination mixing
calcination process wet scrubber 0.001

a. The Michigan PM emission limits are provided in units of Ib PM/1,000 Ib exhaust. Emission limits were
converted to units of gr/dscf using the conversion provided by the Michigan Department of Environmental

Quality.

b. The activated carbon process is subject to an overall annual emission limit of 2.6 ton PM/yr. PM emissions
from any air contaminant source (other than fuel burning and fugitive emission sources) may not exceed

0.1 gr/scf.
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SUMMARY OF CONTROL TECHNOLOGY DETERMINATIONS
DOCUMENTED IN USEPA’S RACT/BACT/LAER CLEARINGHOUSE
FOR SIMILAR SOURCES

The case-by-case MACT definition of similar source encompasses sources
that may exist in other source categories, and, therefore, this evaluation of
similar sources must look beyond the LIB industry itself. The USEPA
CATC was consulted to aide in this endeavor.

The USEPA maintains a database of control technology determinations
made throughout the United States. This database represents the largest
compendium available in the field of air pollutant source requirements
and control capabilities, and is a useful resource when conducting a
nationwide case-by-case MACT analysis. As part of this nationwide
control technology search, therefore, the RACT/BACT/LAER
Clearinghouse (RBLC) database was queried for all PM determinations
from January 1, 2008 to present (longer than a 5-year period). The query
returns information for any process that has a PM determination. Each
process could include several records for other pollutants as well;
therefore, the number of records returned in any query may not all be
related to PM. A total of 5,918 records were obtained from the query,
downloaded into an Access database, and filtered to list only PM records
(approximately 48% of the total records) and exclude records for
operations that are not similar to the LIB plant.

Two separate screening methods were employed to evaluate the RBLC
records for operations that are similar to the LIB plant. For both of these
methods, all records for fuel combustion sources, such as coal, oil, or
natural gas-fired boilers, were excluded from further consideration. There
are no fuel combustion sources associated with the LIB plant; therefore,
these records were removed because they failed the “similar design”
criteria. Fuel combustion sources would produce larger volumes of air
(i.e., combustion gases) than produced in the LIB plant, and the
particulate will be much smaller than found in the LIB plant operations.
This initial filtering removed approximately two thirds of the records.
The remaining 1,050 PM records were evaluated using both of the
following two methods:

1. Filter the PM records by industrial source category (i.e., SIC code)
and use engineering judgment and general knowledge of the
processes to exclude those not similar to the LIB plant. These
records were removed because they failed the “similar design”
and/or “similar capacity” criteria. Records excluded using this
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method were related to sources such as large material processing
and handling sources (e.g., cement and lime kilns), because they are
much larger, both in gas volumes and particulate mass loadings,
than the types of sources at the LIB plant.

2. Identify the records that report throughput capacity data and
exclude all records that have reported hourly or annual
throughputs more than 10 times greater than the hourly or annual
LIB plant throughput rates. These records were removed because
they failed the “similar capacity” criteria.

Appendix C provides additional documentation on the RBLC records
review and the two separate methods employed to screen the records that
are not similar. The review identified 58 records (sources) that are
potentially similar to the LIB plant. The review was unable to fully assess
whether these 58 records would be considered similar sources to the BASF
LIB plant operations because the RBLC does not contain all of the
information needed to assess the previously-stated USEPA evaluation
factors (i.e., the volume and concentration of emissions, the type of
emissions, the similarity of emission points, and the effectiveness of
controls). Nonetheless, the records were evaluated in this assessment
because they primarily include material handling processes and other
operations with capacities that would be expected to be similar to the LIB
plant capacities. Records were obtained from the following Standard
Industrial Classification (SIC) groups:

e 2816 - Inorganic Pigments

e 2819 - Industrial Inorganic Chemicals, Not Elsewhere Classified
e 2895 - Carbon Black

e 2899 - Chemicals and Chemical Preparations, Not Elsewhere

Classified
e 3211 - Flat Glass
e 3274 - Lime

e 3295 - Minerals and Earths, Ground or Otherwise Treated

e 3312 - Steel Works, Blast Furnaces (Including Coke Ovens), and
Rolling Mills

e 3321 - Gray and Ductile Iron Foundries

e 3325 - Steel Foundries, Not Elsewhere Classified

e 3624 - Carbon and Graphite Products

Table 8 presents a summary of these 58 RBLC control technology
determinations. Every similar RBLC record that identifies a control
technology specifies a baghouse (fabric filter) as the control device
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employed by the source. This leads one to conclude that the best
controlled similar source employs a fabric filter. Therefore, evaluation of
these similar sources yields the same conclusion as derived by review of
the LIB industry sources, i.e., the best controlled similar source employs a
fabric filter.

Table 8. Summary of Control Technology Determinations Found in
RBLC for Similar Sources

Total Type of Limit
dscf
Control Type Number g/
of Records | 0.005 | 0.01 Io/hr | Ibfton | ton/yr
No additional control 1 1
Operating practice 2 2
Baghouse 55 29 6 13 7 3
TOTAL 58 29 6 13 7 3

REGULATIONS FOR SIMILAR SOURCES

USEPA has promulgated a variety of control technology standards in
recent years for area sources (facilities emitting less than 10 tons per year
of any one HAP and less than 25 tons per year total HAP) and major
sources (facilities emitting 10 tons per year or more of any one HAP and
25 tons per year or more total HAP). The LIB plant is a major source of
HAP based on the uncontrolled emissions of PM-HAP metals; however,
the LIB plant does not meet the applicability requirements for any source
category that has currently been selected by USEPA for regulation.

The control technology standards promulgated in 40 CFR Part 63 were
reviewed to determine whether any promulgated standard is relevant to
the LIB plant. Of the 133 NESHAPs promulgated in Part 63 (Subparts F
through 7H), only 25 are major source MACT standards that include a
standard for PM emissions or a specific metal HAP. The majority of these
25 standards relate to the metallurgical industry or fuel burning sources,
which are not similar to the emission units at the LIB plant based on the
volume and concentration of emissions and the dissimilarity of emission
points. Excluding these source categories, the following list identifies the
remaining major source categories with PM standards:

e Lime Manufacturing

e Mineral Wool Production

e Brick and Structural Clay Products Manufacturing
e (Clay Ceramics Manufacturing
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e Portland Cement Manufacturing

e Asphalt Processing and Asphalt Roofing Manufacturing
e Wool Fiberglass Manufacturing

e Taconite Iron Ore Processing

e Phosphoric Acid

Table 9 presents a summary of the PM emission standards for new units
with numeric emission standards for PM under these potentially similar
major source categories. Table 9 shows PM grain loading standards
ranging from 0.02 to 0.04 gr/dscf and PM emission rates ranging from
0.02 to 0.42 Ib/ton product. While the emission units identified in these
remaining source categories are not necessarily similar to the LIB plant
(e.g., lime and cement manufacturing operations will have much larger
design capacities than the LIB plant processes), they aide in
understanding USEPA’s MACT determinations for source categories
involving PM-HAPs.

PM or specific metal HAP standards also exist for 15 area (i.e., non-major)
sources. While the LIB plant is defined as a major source of HAP based on
uncontrolled emissions, the similar sources identified above in Section 4.2
are minor sources of HAP. Those similar sources that use as feedstock,
generate as a byproduct, or produce as a product any one of the urban
metal HAP (i.e., arsenic, cadmium, chromium, lead, manganese, or nickel)
are subject to the Chemical Manufacturing Area Source (CMAS) rule in
Subpart VVVVVV (6V).
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Table 9. Summary of PM and PM-HAP Emission Standards

Source Catego 40 CFR 63 Emission Rate Grain Loading
gory Subpart (Ib/ton product) (gr/dscf)
Lime Manufacturing AAAAA 0.10 (kilns/lime coolers) 0.02 (material handling)
Mineral Wool Production DDD 0.10 (cupola) -
Brick and Structural Clay .
Products Manufacturing wl 012 (tunnel kiln) B
0.42 (<10 ton/hr) or
Clay Ceramics Manufacturing KKKKK 0.12 (>10 ton/hr) -
(tunnel kiln)
Portland Cement Manufacturing | LLL 0.02 -
Asphalt Processing/ Asphalt LLLLL 0.08 (mineral-surfaced) or 0.8 |
Roofing Manufacturing (smooth-surfaced)
Wool Fiberglass Manufacturing NNN 0.5 (furnace) -
Taconite Iron Ore Processing RRRRR - 0.005 (crushing/handling)
0.006 (furnace)
Phosphoric Acid AA 0.060 (dryer) 0.040 (calciner)

Under the CMAS rule, the affected source is the facility-wide collection of
chemical manufacturing production units (CMPU) and applies to all
process vents within a CMPU. If metal HAP emissions from all process
vents within a CMPU are greater than or equal to 400 pounds per year, the
facility must reduce collective uncontrolled emissions of total metal HAP
by at least 95 percent by weight by routing emissions from a sufficient
number of the metal process vents through a closed-vent system to any
combination of control devices. This required degree of control is less
stringent than is achievable through the LIB plant design.

In conclusion, none of the identified rules promulgated under 40 CFR 63
present an emission limit that is more stringent than the degree of control
achieved by the best controlled similar source.
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CASE-BY-CASE MACT DETERMINATION

IDENTIFIED CONTROL TECHNOLOGY THAT ACHIEVES THE
MAXIMUM DEGREE OF HAP EMISSION REDUCTION

As stated throughout this document, 40 CFR 63.43(d) specifies the manner
in which a case-by-case MACT analysis must be conducted. In adhering
to those specifications, two separate nationwide reviews were conducted
to identify the maximum degree of HAP emissions reduction that is
achieved at a similar source. While recognizing the limitations noted by
USEPA in attempting to identify similar sources, as well as the maximum
degree of HAP emission reduction that is achieved in practice, the results
of this case-by-case MACT analysis are irrefutable and consistent between
the two nationwide searches performed — the best controlled source
similar to the LIB plant employs a fabric filter. This conclusion is
corroborated by review of data available from the USEPA APCTC.

PROPOSED EMISSION LIMITATION

Pursuant to 40 CFR 63.43(e), an application for a MACT determination
must specify a control technology that, if properly operated and
maintained, will meet the MACT emission limitation or standard as
determined according to the principles set forth in paragraph (d) of that
section.

As demonstrated in various sections of this report, a properly designed
(appropriate gas-to-cloth ratio) and operated (within the manufacturer’s
specified pressure drop across the filter system) fabric filter will have an
extremely high PM collection efficiency and is considered MACT for the
LIB plant. In accordance with 40 CFR 63.43(e), therefore, BASF proposes
to use fabric filters for PM and PM-HAP emission control on all LIB plant
process operations except the kilns. PM emissions from the kilns are
inherently low (0.13 ton/yr and 0.0010 gr/dscf) and control is
unnecessary; therefore, no additional control is proposed for the kilns.

Appendix D provides supporting documentation of the manufacturer’s
equipment specifications for the control equipment and associated
blowers at the LIB plant.
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DISCUSSION OF OTHER ASPECTS OF CASE-BY-CASE MACT
Identification of Fabric Filter as MACT

The data presented in Table 5 demonstrate that fabric filters and ESPs can
achieve comparable levels of control. Data presented in Table 7 and Table
8 (i.e., other battery material production permits and the RBLC
determinations), however, demonstrate that in practice fabric filters are
used at similar sources to achieve the highest degree of HAP emission
control. These evaluations of similar sources clearly dictate that fabric
tilters be considered the MACT control technology.

Form of the Proposed Emission Limitation

The proposed emission limitation for the LIB plant takes the form of an
equipment design and operational standard. An appropriately designed
and operated fabric filter will achieve the highest degree of HAP emission
control. Specifications for fabric filters employed at the LIB plant
have/will include the appropriate air-to-cloth ratio needed to achieve this
HAP emission control. The actual form of the propose equipment design
and operational standard may be specified as follows:

e Process equipment shall be designed, installed, and operated to
minimize HAP emissions through the use of closed-pipe
conveyance, equipment enclosures, and/or permanent total
enclosures with all HAP-laden air from bins and enclosures routed
to a fabric filter control device.

e HAP-laden air from all process operations, except for the kilns
(Cathode-8 and Cathode-14), shall be routed to a pulse-jet fabric
filter control device designed with an air-to-cloth ratio of no more
than 5 acfm/ft2 of cloth area.

e Fabric filters shall be operated and maintained in accordance with
the manufacturer’s recommendations, instructions, and operating
manual(s).

e Equipment to continuously monitor the pressure drop across each
fabric filter shall be properly installed and maintained; this
equipment shall be operated when the associated process
equipment is in operation, including periods of startup and
shutdown. The acceptable pressure drop shall be based upon the
manufacturer’s specifications.

This approach to a proposed emission limitation is consistent with, and
supported by, both the regulatory history of case-by-case MACT and
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specific instructions from the OEPA. As stated in OEPA’s letter to BASF’s
Site Director, dated September 30, 2013:

[T]he proposed standard may be an emissions limitation, or if it is
not feasible to prescribe or enforce an (numeric) emission
limitation, the proposed standard may be the employment of a
specific design, a work practice, an operational standard, or a
combination. (italic text added)

This concept is mirrored in both the 112(g) and 112(j) procedures
promulgated at 40 CFR 63.43(d)(3) and 40 CFR 63.53(b)(3), respectively.
Several important factors must be considered when determining whether
a numeric emission limitation can be prescribed or is enforceable. The
tirst of these considerations is USEPA’s expressed recognition that direct
transfer of control equipment performance from one source to another is
not always possible. As declared in the case-by-case MACT preamble:

[t]he EPA recognizes that control efficiencies across similar
sources may be different. The permitting authority is expected to
use its judgment in determining when operating conditions are
comparable across emission units. (61 FR page 68395, Dec 27,
1996)

A second factor to be considered is the inherently low emission rates
produced by the process operations in the LIB plant. The high degree of
control, coupled with the enclosed processes and low air flow rates will
yield very low mass emission rates for processes equipped with control
devices. These low rates were previously presented in Table 4 of this
report. Generation of these low emission rates will represent an extreme
challenge to source testing efforts, making such tests potentially
meaningless. This is somewhat witnessed by the observation by the
USEPA’s APCTC verification test on filter fabrics during which the fabric
used by the two LIB plant mills produced results that were below the
detectable limit of the test equipment. (This observation was presented
previously in Section 3.2 of this report.) USEPA’s observation, coupled
with the need to perform up to 15 separate emission tests at the LIB plant,
makes enforcement of a numeric emission limitation a technical challenge
and economically-costly venture. Although not equipped with control
devices, the kilns operate with inherently low emissions as well,
producing similar compliance demonstration challenges.

Finally, several of the processes in the LIB plant are intermittent
operations. For example, the Central Vacuum Unit (Cathode-15) is only
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operated during periods of maintenance or after an upset of process
equipment. As such, the operation of this process is not regular or
predictable, and a numeric emission limit for this process operation is
likewise not feasible.

PROPOSED OPERATIONAL/MONITORING STANDARDS

The following operational standards are proposed to demonstrate
continuous compliance with the equipment/operational emission
limitation identified above. These proposed MACT standards include
operation, monitoring, and recordkeeping requirements for the LIB plant.

1.

HAP-laden air from the process operations listed above shall be
vented to their respective fabric filter when the process equipment
is in operation.

Discharges from the fabric filters listed above shall be vented to an
after filter whenever the process equipment is in operation.

Equipment to continuously monitor the pressure drop across each
fabric filter shall be properly installed, operated, and maintained
when the controlled process equipment are in operation, including
periods of startup and shutdown. The pressure drop across each
fabric filter shall be recorded on a daily basis.

The monitoring equipment shall be installed, calibrated, operated,
and maintained in accordance with the manufacturer’s
recommendations, instructions, and operating manual(s), unless
any modifications are deemed necessary. The acceptable pressure
drop shall be based upon the manufacturer’s specifications.

Whenever the monitored value for the pressure drop deviates from
the limit or range established in accordance with this permit, an
investigation of the cause of the deviation shall be promptly
conducted, and records of the following information for each
investigation shall be maintained:

a. the date and time the deviation began;
b. the magnitude of the deviation at that time;

c. the date the investigation was conducted;

A

the name(s) of the personnel who conducted the
investigation; and

e. the findings and recommendations.
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6. Inresponse to each required investigation to determine the cause of
a deviation, prompt corrective actions shall be conducted to bring
the operation of the control equipment within the acceptable range
specified in this permit, unless it is determined that corrective
action is not necessary and the reasons for that determination and
the date and time the deviation ended are documented. Records of
the following information for each corrective action taken shall be
maintained:

a
b.

o

-

a description of the corrective action;
the date corrective action was completed;
the date and time the deviation ended;

the total period of time (in minutes) during which there was
a deviation;

the pressure drop readings immediately after the corrective
action was implemented; and

the name(s) of the personnel who performed the work.

Investigation and records required by this paragraph do not
eliminate the need to comply with the requirements of OAC rule
3745-15-06 if it is determined that a malfunction has occurred.

ERM

33 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 260

CONCLUSIONS

The BASF LIB plant sited at the Elyria, Ohio, facility has been designed to
satisfy a growing demand for new energy technology. The plant
incorporates state-of-the-art equipment and environmental control
strategies that maximize material usage and recovery.

In part because this industry represents a relatively new source category,
USEPA has not developed standards specific to the source category, and a
new major source of HAP in the industry must apply for a case-by-case
MACT determination. This analysis satisfies this case-by-case MACT
requirement. BASF will comply with the proposed case-by-case MACT by
implementing the equipment/operational emission limitations specified
in this analysis. The HAP emission limitation at the BASF LIB plant is the
use of fabric filters with design specifications that will achieve the highest
degree of HAP emission control. A nationwide search of similar facilities,
including other known cathode material manufacturing facilities, yielded
results demonstrating that no more stringent emission limitation is
achieved at any similar source.

Establishing numeric emission limitations on the operations at the LIB
plant is not technically feasible from an enforcement standpoint, nor is it
economically feasible to incur the costs associated with testing the large
number of process operations in order to demonstrate compliance with an
emission limit while yielding undetectable amounts of HAPs. The LIB
plant in Elyria, therefore, will operate under equipment design and
operational conditions that produce the maximum degree of HAP
emission control achievable in practice.
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APPENDIX A - CASE-BY-CASE MACT REGULATIONS
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40 CFR Part 63--National Emission Standards for Hazardous Air Pollutants for
Affected Source Categories

Subpart B--Requirements for Control Technology Determinations for Major
Sources

§63.40 Applicability of §§63.40 through 63.44.

(a) Applicability. The requirements of §§63.40 through 63.44 of this subpart carry
out section 112(g)(2)(B) of the 1990 Amendments.

(b) Overall requirements. The requirements of §§63.40 through 63.44 of this
subpart apply to any owner or operator who constructs or reconstructs a major
source of hazardous air pollutants after the effective date of section 112(g)(2)(B)
(as defined in §63.41) and the effective date of a title V permit program in the
State or local jurisdiction in which the major source is (or would be) located
unless the major source in question has been specifically regulated or exempted
from regulation under a standard issued pursuant to section 112(d), section
112(h), or section 112(j) and incorporated in another subpart of part 63, or the
owner or operator of such major source has received all necessary air quality
permits for such construction or reconstruction project before the effective date
of section 112(g)(2)(B).

(c) Exclusion for electric utility steam generating units. The requirements of this
subpart do not apply to electric utility steam generating units unless and until
such time as these units are added to the source category list pursuant to section
112(c)(5) of the Act.

(d) Relationship to State and local requirements. Nothing in this subpart shall
prevent a State or local agency from imposing more stringent requirements than
those contained in this subpart.

(e) Exclusion for stationary sources in deleted source categories. The
requirements of this subpart do not apply to stationary sources that are within a
source category that has been deleted from the source category list pursuant to
section 112(c)(9) of the Act.

(f) Exclusion for research and development activities. The requirements of this
subpart do not apply to research and development activities, as defined in
§63.41.

§63.41 Definitions.

Terms used in this subpart that are not defined in this section have the meaning
given to them in the Act and in subpart A.

Affected source means the stationary source or group of stationary sources which,
when fabricated (on site), erected, or installed meets the definition of "construct a
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major source" or the definition of "reconstruct a major source" contained in this
section.

Affected States are all States:

(1) Whose air quality may be affected and that are contiguous to the State in
which a MACT determination is made in accordance with this subpart; or

(2) Whose air quality may be affected and that are within 50 miles of the major
source for which a MACT determination is made in accordance with this
subpart.

Awailable information means, for purposes of identifying control technology
options for the affected source, information contained in the following
information sources as of the date of approval of the MACT determination by the
permitting authority:

(1) A relevant proposed regulation, including all supporting information;
(2) Background information documents for a draft or proposed regulation;

(3) Data and information available for the Control Technology Center developed
pursuant to section 113 of the Act;

(4) Data and information contained in the Aerometric Informational Retrieval
System including information in the MACT data base;

(5) Any additional information that can be expeditiously provided by the
Administrator; and

(6) For the purpose of determinations by the permitting authority, any additional
information provided by the applicant or others, and any additional information
considered available by the permitting authority.

Construct a major source means:

(1) To fabricate, erect, or install at any greenfield site a stationary source or group
of stationary sources which is located within a contiguous area and under
common control and which emits or has the potential to emit 10 tons per year of
any HAP's or 25 tons per year of any combination of HAP, or

(2) To fabricate, erect, or install at any developed site a new process or
production unit which in and of itself emits or has the potential to emit 10 tons
per year of any HAP or 25 tons per year of any combination of HAP, unless the
process or production unit satisfies criteria in paragraphs (2)(i) through (vi) of
this definition.

(i) All HAP emitted by the process or production unit that would otherwise be
controlled under the requirements of this subpart will be controlled by emission
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control equipment which was previously installed at the same site as the process
or production unit;

(ii)(A) The permitting authority has determined within a period of 5 years prior
to the fabrication, erection, or installation of the process or production unit that
the existing emission control equipment represented best available control
technology (BACT), lowest achievable emission rate (LAER) under 40 CFR part
51 or 52, toxics--best available control technology (T-BACT), or MACT based on
State air toxic rules for the category of pollutants which includes those HAP's to
be emitted by the process or production unit; or

(B) The permitting authority determines that the control of HAP emissions
provided by the existing equipment will be equivalent to that level of control
currently achieved by other well-controlled similar sources (i.e., equivalent to the
level of control that would be provided by a current BACT, LAER, T-BACT, or
State air toxic rule MACT determination);

(iif) The permitting authority determines that the percent control efficiency for
emissions of HAP from all sources to be controlled by the existing control
equipment will be equivalent to the percent control efficiency provided by the
control equipment prior to the inclusion of the new process or production unit;

(iv) The permitting authority has provided notice and an opportunity for public
comment concerning its determination that criteria in paragraphs (2)(i), (2)(ii),
and (2)(iii) of this definition apply and concerning the continued adequacy of any
prior LAER, BACT, T-BACT, or State air toxic rule MACT determination;

(v) If any commenter has asserted that a prior LAER, BACT, T-BACT, or State air
toxic rule MACT determination is no longer adequate, the permitting authority
has determined that the level of control required by that prior determination
remains adequate; and

(vi) Any emission limitations, work practice requirements, or other terms and
conditions upon which the above determinations by the permitting authority are
applicable requirements under section 504(a) and either have been incorporated
into any existing title V permit for the affected facility or will be incorporated
into such permit upon issuance.

Control technology means measures, processes, methods, systems, or techniques to
limit the emission of hazardous air pollutants through process changes,
substitution of materials or other modifications;

(1) Reduce the quantity of, or eliminate emissions of, such pollutants through
process changes, substitution of materials or other modifications;

(2) Enclose systems or processes to eliminate emissions;

(3) Collect, capture or treat such pollutants when released from a process, stack,
storage or fugitive emissions point;
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(4) Are design, equipment, work practice, or operational standards (including
requirements for operator training or certification) as provided in 42 U.S.C.
7412(h); or

(5) Are a combination of paragraphs (1) through (4) of this definition.

Effective date of section 112(g)(2)(B) in a State or local jurisdiction means the effective
date specified by the permitting authority at the time the permitting authority
adopts a program to implement section 112(g) with respect to construction or
reconstruction or major sources of HAP, or June 29, 1998 whichever is earlier.

Electric utility steam generating unit means any fossil fuel fired combustion unit of
more than 25 megawatts that serves a generator that produces electricity for sale.
A unit that co-generates steam and electricity and supplies more than one-third
of its potential electric output capacity and more than 25 megawatts electric
output to any utility power distribution system for sale shall be considered an
electric utility steam generating unit.

Greenfield suite means a contiguous area under common control that is an
undeveloped site.

List of Source Categories means the Source Category List required by section 112(c)
of the Act.

Maximum achievable control technology (MACT) emission limitation for new sources
means the emission limitation which is not less stringent that the emission
limitation achieved in practice by the best controlled similar source, and which
reflects the maximum degree of deduction in emissions that the permitting
authority, taking into consideration the cost of achieving such emission
reduction, and any non-air quality health and environmental impacts and energy
requirements, determines is achievable by the constructed or reconstructed major
source.

Notice of MACT Approval means a document issued by a permitting authority
containing all federally enforceable conditions necessary to enforce the
application and operation of MACT or other control technologies such that the
MACT emission limitation is met.

Permitting authority means the permitting authority as defined in part 70 or 71 of
this chapter.

Process or production unit means any collection of structures and/or equipment,
that processes assembles, applies, or otherwise uses material inputs to produce
or store an intermediate or final product. A single facility may contain more than
one process or production unit.

Reconstruct a major source means the replacement of components at an existing
process or production unit that in and of itself emits or has that potential to emit
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10 tons per year of any HAP or 25 tons per year of any combination of HAP,
whenever:

(1) The fixed capital cost of the new components exceeds 50 percent of the fixed
capital cost that would be required to construct a comparable process or
production unit; and

(2) It is technically and economically feasible for the reconstructed major source
to meet the applicable maximum achievable control technology emission
limitation for new sources established under this subpart.

Research and development activities means activities conducted at a research or
laboratory facility whose primary purpose is to conduct research and
development into new processes and products, where such source is operated
under the close supervision of technically trained personnel and is not engaged
in the manufacture of products for sale or exchange for commercial profit, except
in a de minimis manner.

Similar source means a stationary source or process that has comparable
emissions and is structurally similar in design and capacity to a constructed or
reconstructed major source such that the source could be controlled using the
same control technology.

§63.42 Program Requirements Governing Construction or Reconstruction of
Major Sources.

(a) Adoption of program. Each permitting authority shall review its existing
programs, procedures, and criteria for preconstruction review for conformity to
the requirements established by §§63.40 through 63.44, shall make any additions
and revisions to its existing programs, procedures, and criteria that the
permitting authority deems necessary to properly effectuate §§63.40 through
63.44, and shall adopt a program to implement section 112(g) with respect to
construction or reconstruction of major sources of HAP. As part of the adoption
by the permitting authority of a program to implement section 112(g) with
respect to construction or reconstruction of major sources of HAP, the chief
executive officer of the permitting authority shall certify that the program
satisfies all applicable requirements established by §§63.40 through 63.44, and
shall specify an effective date for that program which is not later than June 29,
1998. Prior to the specified effective date, the permitting authority shall publish a
notice stating that the permitting authority has adopted a program to implement
section 112(g) with respect to construction or reconstruction of major sources of
HAP and stating the effective date, and shall provide a written description of the
program to the Administrator through the appropriate EPA Regional Office.
Nothing in this section shall be construed either:

(a)(1) To require that any owner or operator of a stationary source comply with
any requirement adopted by the permitting authority which is not intended to
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implement section 112(g) with respect to construction or reconstruction of major
sources of HAP; or

(a)(2) To preclude the permitting authority from enforcing any requirements not
intended to implement section 112(g) with respect to construction or
reconstruction of major sources of HAP under any other provision of applicable
law.

(b) Failure to adopt program. In the event that the permitting authority fails to
adopt a program to implement section 112(g) with respect to construction or
reconstruction of major sources of HAP with an effective date on or before June
29,1998, and the permitting authority concludes that it is able to make case-by-
case MACT determinations which conform to the provisions of §63.43 in the
absence of such a program, the permitting authority may elect to make such
determinations. However, in those instances where the permitting authority
elects to make case-by-case MACT determinations in the absence of a program to
implement section 112(g) with respect to construction or reconstruction of major
sources of HAP, no such case- by-case MACT determination shall take effect
until after it has been submitted by the permitting authority in writing to the
appropriate EPA Regional Administrator and the EPA Regional Administrator
has concurred in writing that the case-by-case MACT determination by the
permitting authority is in conformity with all requirements established by
§§63.40 through 63.44. In the event that the permitting authority fails to adopt a
program to implement section 112(g) with respect to construction or
reconstruction of major sources of HAP with an effective date on or before June
29,1998, and the permitting authority concludes that it is unable to make case-
by-case MACT determinations in the absence of such a program, the permitting
authority may request that the EPA Regional Administrator implement a
transitional program to implement section 112(g) with respect to construction or
reconstruction of major sources of HAP in the affected State of local jurisdiction
while the permitting authority completes development and adoption of a section
112(g) program. Any such transitional section 112(g) program implemented by
the EPA Regional Administrator shall conform to all requirements established by
§§63.40 through 63.44, and shall remain in effect for no more than 30 months.
Continued failure by the permitting authority to adopt a program to implement
section 112(g) with respect to construction or reconstruction of major sources of
HAP shall be construed as a failure by the permitting authority to adequately
administer and enforce its title V permitting program and shall constitute cause
by EPA to apply the sanctions and remedies set forth in the Clean Air Act section
502(I).

(c) Prohibition. After the effective date of section 112(g)(2)(B) (as defined in
§63.41) in a State or local jurisdiction and the effective date of the title V permit
program applicable to that State or local jurisdiction, no person may begin actual
construction or reconstruction of a major source of HAP in such State or local
jurisdiction unless:
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(c)(1) The major source in question has been specifically regulated or exempted
from regulation under a standard issued pursuant to section 112(d), section
112(h) or section 112(j) in part 63, and the owner and operator has fully complied
with all procedures and requirements for preconstruction review established by
that standard, including any applicable requirements set forth in subpart A of
this part 63; or

(c)(2) The permitting authority has made a final and effective case-by-case
determination pursuant to the provisions of §63.43 such that emissions from the
constructed or reconstructed major source will be controlled to a level no less
stringent than the maximum achievable control technology emission limitation
for new sources.

§63.43 Maximum Achievable Control Technology (MACT) Determinations for
Constructed and Reconstructed Major Sources.

(a) Applicability. The requirements of this section apply to an owner or operator
who constructs or reconstructs a major source of HAP subject to a case-by-case
determination of maximum achievable control technology pursuant to §63.42(c).

(b) Requirements for constructed and reconstructed major sources. When a case-
by-case determination of MACT is required by §63.42(c), the owner and operator
shall obtain from the permitting authority an approved MACT determination

according to one of the review options contained in paragraph (c) of this section.

(c) Review options. (1) When the permitting authority requires the owner or
operator to obtain, or revise, a permit issued pursuant to title V of the Act before
construction or reconstruction of the major source, or when the permitting
authority allows the owner or operator at its discretion to obtain or revise such a
permit before construction or reconstruction, and the owner or operator elects
that option, the owner or operator shall follow the administrative procedures in
the program approved under title V of the Act (or in other regulations issued
pursuant to title V of the Act, where applicable).

(c)(2) When an owner or operator is not required to obtain or revise a title V
permit (or other permit issued pursuant to title V of the Act) before construction
or reconstruction, the owner or operator (unless the owner or operator
voluntarily follows the process to obtain a title V permit) shall either, at the
discretion of the permitting authority:

(©)(2)(i) Apply for and obtain a Notice of MACT Approval according to the
procedures outlined in paragraphs (f) through (h) of this section; or

(©)(2)(ii) Apply for a MACT determination under any other administrative
procedures for preconstruction review and approval established by the
permitting authority for a State or local jurisdiction which provide for public
participation in the determination, and ensure that no person may begin actual
construction or reconstruction of a major source in that State or local jurisdiction
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unless the permitting authority determines that the MACT emission limitation
for new sources will be met.

(c)(3) When applying for a permit pursuant to title V of the Act, an owner or
operator may request approval of case-by-case MACT determinations for
alternative operating scenarios. Approval of such determinations satisfies the
requirements of section 112(g) of each such scenario.

(c)(4) Regardless of the review process, the MACT emission limitation and
requirements established shall be effective as required by paragraph (j) of this
section, consistent with the principles established in paragraph (d) of this section,
and supported by the information listed in paragraph (e) of this section. The
owner or operator shall comply with the requirements in paragraphs (k) and (1)
of this section, and with all applicable requirements in subpart A of this part.

(d) Principles of MACT determinations. The following general principles shall
govern preparation by the owner or operator of each permit application or other
application requiring a case-by-case MACT determination concerning
construction or reconstruction of a major source, and all subsequent review of
and actions taken concerning such an application by the permitting authority:

(d)(1) The MACT emission limitation or MACT requirements recommended by
the applicant and approved by the permitting authority shall not be less
stringent than the emission control which is achieved in practice by the best
controlled similar source, as determined by the permitting authority.

(d)(2) Based upon available information, as defined in this subpart, the MACT
emission limitation and control technology (including any requirements under
paragraph (d)(3) of this section) recommended by the applicant and approved by
the permitting authority shall achieve the maximum degree of reduction in
emissions of HAP which can be achieved by utilizing those control technologies
that can be identified from the available information, taking into consideration
the costs of achieving such emission reduction and any non-air quality health
and environmental impacts and energy requirements associated with the
emission reduction.

(d)(3) The applicant may recommend a specific design, equipment, work
practice, or operational standard, or a combination thereof, and the permitting
authority may approve such a standard if the permitting authority specifically
determines that it is not feasible to prescribe or enforce an emission limitation
under the criteria set forth in section 112(h)(2) of the Act.

(d)(4) If the Administrator has either proposed a relevant emission standard
pursuant to section 112(d) or section 112(h) of the Act or adopted a presumptive
MACT determination for the source category which includes the constructed or
reconstructed major source, then the MACT requirements applied to the
constructed or reconstructed major source shall have considered those MACT
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emission limitations and requirements of the proposed standard or presumptive
MACT determination.

(e) Application requirements for a case-by-case MACT determination. (1) An
application for a MACT determination (whether a permit application under title
V of the Act, an application for a Notice of MACT Approval, or other document
specified by the permitting authority under paragraph (c)(2)(ii) of this section)
shall specify a control technology selected by the owner or operator that, if
properly operated and maintained, will meet the MACT emission limitation or
standard as determined according to the principles set forth in paragraph (d) of
this section.

(e)(2) In each instance where a constructed or reconstructed major source would
require additional control technology or a change in control technology, the
application for a MACT determination shall contain the following information:

(e)(2)(i) The name and address (physical location) of the major source to be
constructed or reconstructed;

(e)(2)(ii) A brief description of the major source to be constructed or
reconstructed and identification of any listed source category or categories in
which it is included;

(e)(2)(iii)) The expected commencement date for the construction or
reconstruction of the major source;

(e)(2)(iv) The expected completion date for construction or reconstruction of the
major source;

(€)(2)(v) The anticipated date of start-up for the constructed or reconstructed
major source;

(e)(2)(vi) The HAP emitted by the constructed or reconstructed major source, and
the estimated emission rate for each such HAP, to the extent this information is
needed by the permitting authority to determine MACT;

(e)(2)(vii) Any federally enforceable emission limitations applicable to the
constructed or reconstructed major source;

(e)(2)(viii) The maximum and expected utilization of capacity of the constructed
or reconstructed major source, and the associated uncontrolled emission rates for
that source, to the extent this information is needed by the permitting authority
to determine MACT;

(e)(2)(ix) The controlled emissions for the constructed or reconstructed major
source in tons/yr at expected and maximum utilization of capacity, to the extent
this information is needed by the permitting authority to determine MACT;
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(€)(2)(x) A recommended emission limitation for the constructed or reconstructed
major source consistent with the principles set forth in paragraph (d) of this
section;

(e)(2)(xi) The selected control technology to meet the recommended MACT
emission limitation, including technical information on the design, operation,
size, estimated control efficiency of the control technology (and the
manufacturer's name, address, telephone number, and relevant specifications
and drawings, if requested by the permitting authority);

(e)(2)(xii) Supporting documentation including identification of alternative
control technologies considered by the applicant to meet the emission limitation,
and analysis of cost and non-air quality health environmental impacts or energy
requirements for the selected control technology; and

(e)(2)(xiii) Any other relevant information required pursuant to subpart A.

(e)(3) In each instance where the owner or operator contends that a constructed
or reconstructed major source will be in compliance, upon startup, with case-by-
case MACT under this subpart without a change in control technology, the
application for a MACT determination shall contain the following information:

(e)(3)(i) The information described in paragraphs (e)(2)(i) through (e)(2)(x) of this
section; and

(e)(3)(ii) Documentation of the control technology in place.

(f) Administrative procedures for review of the Notice of MACT Approval. (1)
The permitting authority will notify the owner or operator in writing, within 45
days from the date the application is first received, as to whether the application
for a MACT determination is complete or whether additional information is
required.

(f)(2) The permitting authority will initially approve the recommended MACT
emission limitation and other terms set forth in the application, or the permitting
authority will notify the owner or operator in writing of its intent to disapprove
the application, within 30 calendar days after the owner or operator is notified in
writing that the application is complete.

(f)(3) The owner or operator may present, in writing, within 60 calendar days
after receipt of notice of the permitting authority's intent to disapprove the
application, additional information or arguments pertaining to, or amendments
to, the application for consideration by the permitting authority before it decides
whether to finally disapprove the application.

(f)(4) The permitting authority will either initially approve or issue a final
disapproval of the application within 90 days after it notifies the owner or
operator of an intent to disapprove or within 30 days after the date additional
information is received from the owner or operator; whichever is earlier.
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(£)(®) A final determination by the permitting authority to disapprove any
application will be in writing and will specify the grounds on which the
disapproval is based. If any application is finally disapproved, the owner or
operator may submit a subsequent application concerning construction or
reconstruction of the same major source, provided that the subsequent
application has been amended in response to the stated grounds for the prior
disapproval.

(f)(6) An initial decision to approve an application for a MACT determination
will be set forth in the Notice of MACT Approval as described in paragraph (g)
of this section.

(8) Notice of MACT Approval. (1) The Notice of MACT Approval will contain a
MACT emission limitation (or a MACT work practice standard if the permitting
authority determines it is not feasible to prescribe or enforce an emission
standard) to control the emissions of HAP. The MACT emission limitation or
standard will be determined by the permitting authority and will conform to the
principles set forth in paragraph (d) of this section.

(8)(2) The Notice of MACT Approval will specify any notification, operation and
maintenance, performance testing, monitoring, reporting and record keeping
requirements. The Notice of MACT Approval shall include:

(8)(2)(i) In addition to the MACT emission limitation or MACT work practice
standard established under this subpart, additional emission limits, production
limits, operational limits or other terms and conditions necessary to ensure
Federal enforceability of the MACT emission limitation;

(8)(2)(ii) Compliance certifications, testing, monitoring, reporting and record
keeping requirements that are consistent with the requirements of §70.6(c) of this
chapter;

(8)(2)(iii) In accordance with section 114(a)(3) of the Act, monitoring shall be
capable of demonstrating continuous compliance during the applicable reporting
period. Such monitoring data shall be of sufficient quality to be used as a basis
for enforcing all applicable requirements established under this subpart,
including emission limitations;

(8)(2)(iv) A statement requiring the owner or operator to comply with all
applicable requirements contained in subpart A of this part;

(8)(3) All provisions contained in the Notice of MACT Approval shall be
federally enforceable upon the effective date of issuance of such notice, as
provided by paragraph (j) of this section.

(8)(4) The Notice of MACT Approval shall expire if construction or
reconstruction has not commenced within 18 months of issuance, unless the
permitting authority has granted an extension which shall not exceed an
additional 12 months.
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(h) Opportunity for public comment on the Notice of MACT Approval. (1) The
permitting authority will provide opportunity for public comment on the Notice
of MACT Approval, including, at a minimum:

(h)(1)(i) Availability for public inspection in at least one location in the area
affected of the information submitted by the owner or operator and of the
permitting authority's initial decision to approve the application;

(h)(1)(ii) A 30-day period for submittal of public comment; and

(h)(1)(iii) A notice by prominent advertisement in the area affected of the location
of the source information and initial decision specified in paragraph (h)(1)(i) of
this section.

(h)(2) At the discretion of the permitting authority, the Notice of MACT
Approval setting forth the initial decision to approve the application may
become final automatically at the end of the comment period if no adverse
comments are received. If adverse comments are received, the permitting
authority shall have 30 days after the end of the comment period to make any
necessary revisions in its analysis and decide whether to finally approve the
application.

(i) EPA notification. The permitting authority shall send a copy of the final
Notice of MACT Approval, notice of approval of a title V permit application
incorporating a MACT determination (in those instances where the owner or
operator either is required or elects to obtain such a permit before construction or
reconstruction), or other notice of approval issued pursuant to paragraph
(c)(2)(ii) of this section to the Administrator through the appropriate Regional
Office, and to all other State and local air pollution control agencies having
jurisdiction in affected States.

(j) Effective date. The effective date of a MACT determination shall be the date
the Notice of MACT Approval becomes final, the date of issuance of a title V
permit incorporating a MACT determination (in those instances where the owner
or operator either is required or elects to obtain such a permit before construction
or reconstruction), or the date any other notice of approval issued pursuant to
paragraph (c)(2)(ii) of this section becomes final.

(k) Compliance date. On and after the date of start-up, a constructed or
reconstructed major source which is subject to the requirements of this subpart
shall be in compliance with all applicable requirements specified in the MACT
determination.

(I) Compliance with MACT determinations. (1) An owner or operator of a
constructed or reconstructed major source that is subject to a MACT
determination shall comply with all requirements in the final Notice of MACT
Approval, the title V permit (in those instances where the owner or operator
either is required or elects to obtain such a permit before construction or
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reconstruction), or any other final notice of approval issued pursuant to
paragraph (c)(2)(ii) of this section, including but not limited to any MACT
emission limitation or MACT work practice standard, and any notification,
operation and maintenance, performance testing, monitoring, reporting, and
recordkeeping requirements.

(1)(2) An owner or operator of a constructed or reconstructed major source which
has obtained a MACT determination shall be deemed to be in compliance with
section 112(g)(2)(B) of the Act only to the extent that the constructed or
reconstructed major source is in compliance with all requirements set forth in the
final Notice of MACT Approval, the title V permit (in those instances where the
owner or operator either is required or elects to obtain such a permit before
construction or reconstruction), or any other final notice of approval issued
pursuant to paragraph (c)(2)(ii) of this section. Any violation of such
requirements by the owner or operator shall be deemed by the permitting
authority and by EPA to be a violation of the prohibition on construction or
reconstruction in section 112(g)(2)(B) for whatever period the owner or operator
is determined to be in violation of such requirements, and shall subject the owner
or operator to appropriate enforcement action under the Act.

(m) Reporting to the Administrator. Within 60 days of the issuance of a final
Notice of MACT Approval, a title V permit incorporating a MACT determination
(in those instances where the owner or operator either is required or elects to
obtain such a permit before construction or reconstruction), or any other final
notice of approval issued pursuant to paragraph (c)(2)(ii) of this section, the
permitting authority shall provide a copy of such notice to the Administrator,
and shall provide a summary in a compatible electronic format for inclusion in
the MACT data base.

§63.44 Requirements for Constructed or Reconstructed Major Sources Subject
to a Subsequently Promulgated MACT Standard or MACT Requirement.

(a) if the Administrator promulgates an emission standard under section 112(d)
or section 112(h) of the Act or the permitting authority issues a determination
under section 112(j) of the Act that is applicable to a stationary source or group of
sources which would be deemed to be a constructed or reconstructed major
source under this subpart before the date that the owner or operator has
obtained a final and legally effective MACT determination under any of the
review options available pursuant to §63.43, the owner or operator of the
source(s) shall comply with the promulgated standard or determination rather
than any MACT determination under section 112(g) by the permitting authority,
and the owner or operator shall comply with the promulgated standard by the
compliance date in the promulgated standard.

(b) If the Administrator promulgates an emission standard under section 112(d)
or section 112(h) of the Act or the permitting authority makes a determination
under section 112(j) of the Act that is applicable to a stationary source or group of
sources which was deemed to be a constructed or reconstructed major source
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under this subpart and has been subject to a prior case-by-case MACT
determination pursuant to §63.43, and the owner and operator obtained a final
and legally effective case-by-case MACT determination prior to the
promulgation date of such emission standard, then the permitting authority shall
(if the initial title V permit has not yet been issued) issue an initial operating
permit which incorporates the emission standard or determination, or shall (if
the initial title V permit has been issued) revise the operating permit according to
the reopening procedures in 40 CFR part 70 or part 71, whichever is relevant, to
incorporate the emission standard or determination.

(b)(1) The EPA may include in the emission standard established under section
112(d) or section 112(h) of the Act a specific compliance date for those sources
which have obtained a final and legally effective MACT determination under
this subpart and which have submitted the information required by §63.43 to the
EPA before the close of the public comment period for the standard established
under section 112(d) of the Act. Such date shall assure that the owner or operator
shall comply with the promulgated standard as expeditiously as practicable, but
not longer than 8 years after such standard is promulgated. In that event, the
permitting authority shall incorporate the applicable compliance date in the title
V operating permit.

(b)(2) If no compliance date has been established in the promulgated 112(d) or
112(h) standard or section 112(j) determination, for those sources which have
obtained a final and legally effective MACT determination under this subpart,
then the permitting authority shall establish a compliance date in the permit that
assures that the owner or operator shall comply with the promulgated standard
or determination as expeditiously as practicable, but not longer than 8 years after
such standard is promulgated or a section 112(j) determination is made.

(c) Notwithstanding the requirements of paragraphs (a) and (b) of this section, if
the Administrator promulgates an emission standard under section 112(d) or
section 112(h) of the Act or the permitting authority issues a determination under
section 112(j) of the Act that is applicable to a stationary source or group of
sources which was deemed to be a constructed or reconstructed major source
under this subpart and which is the subject of a prior case-by-case MACT
determination pursuant to §63.43, and the level of control required by the
emission standard issued under section 112(d) or section 112(h) or the
determination issued under section 112(j) is less stringent than the level of
control required by any emission limitation or standard in the prior MACT
determination, the permitting authority is not required to incorporate any less
stringent terms of the promulgated standard in the title V operating permit
applicable to such source(s) and may in its discretion consider any more
stringent provisions of the prior MACT determination to be applicable legal
requirements when issuing or revising such an operating permit.
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Clean Air Act Section 112(d)(2) and 112(d)(3)

Definition of MACT for New Sources

The definition of MACT for new sources is found in section 112(d)(2) and (3) of
the Clean Air Act:

(2) STANDARDS AND METHODS. — Emissions standards
promulgated under this subsection and applicable to new or
existing sources of HAPs shall require the maximum degree of
reduction in emissions of the HAPs subject to this section
(including a prohibition on such emissions, where achievable) that
the Administrator, taking into consideration the cost of achieving
such emission reduction, and any non-air quality health and
environmental impacts and energy requirements, determines is
achievable for new or existing sources in the category or
subcategory to which such emission standard applies, through
application of measures, processes, methods, systems or
techniques including, but not limited to, measures which —

(A) reduce the volume of, or eliminate emissions of, such
pollutants through process changes, substitution of materials or
other modifications,

(B) enclose systems or processes to eliminate emissions,

(C) collect, capture or treat such pollutants when released from a
process, stack, storage or fugitive emissions point,

(D) are design, equipment, work practice, or operational
standards (including requirements for operator training or
certification) as provided in subsection (h), or

(E) are a combination of the above.

None of the measures described in subparagraphs (A) through (D)
shall, consistent with the provisions of section 114(c), in any way
compromise any United States patent or United States trademark
right, or any confidential business information, or any trade secret
or any other intellectual property right.

(3) NEW AND EXISTING SOURCES. — The maximum degree of
reduction in emissions that is deemed achievable for new sources
in a category or subcategory shall not be less stringent than the
emission control that is achieved in practice by the best controlled
similar source, as determined by the Administrator.
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APPENDIX B - SIMILAR SOURCE SEARCH RESULTS
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Table B-1. Summary of Facilities Reviewed to Identify Sources Similar to BASF LIB Plant Operations

Emission
Company Description Types of Emission Units in Permit Limit Control Requirements
Range
Manufacturer of nano-iron phosphate Re.ceiving and handling of battery powder raw materials e The permit"cee.shaI.l 1’1.0’[ operate ar?y EU
. (with dust collector). unless the fabric filter is installed, maintained,
cathode powder and electrode coatings; — - 0.021b PM/ . .
A123 Systems - L Milling of processed battery powders (with dust and operated in a satisfactory manner,
fabrication of battery cells and modules; and 1,000 1b . R L
Romulus, MI collector). including monitoring the pressure drop for
assembly of complete battery pack systems — — exhaust g - -
. . . Anode and cathode battery powder mixing and weighing the fabric filter on a continuous basis.
for hybrid and electric vehicles. . .
(with dust collector). e Monthly VE readings for each EU.
DOW Energy
Materials - Manufacturer of NMC cathode material. Operations do not require an air permit under Michigan regulations.
Midland, MI
Anode and binder dry ingredient material handling and
o . ) 0.002 1b . .
mixing, and anode coating storage and manufacturing PM/ 1,000 e Shall not operate dry material operations
. tanks controlled by dust collectors, HEPA filters, N2 ! unless dust collectors and HEPA filters are
DOW-Kokam - | Produce manganese oxide cathode / . . Ib exhaust . Ny .
. ey . . blanketing system, and pipe-away PRVs. installed, maintained, and operated in a
Midland graphite lithium-ion batteries for hybrid and - - - - — . : . .
. . Cathode dry ingredient material handling and mixing, satisfactory manner, including continuous
Battery Park electric vehicles. . . 0.001 Ib S
and cathode coating storage and manufacturing tanks PM/ 1,000 pressure drop monitoring.
controlled by dust collectors, HEPA filters, N2 blanketing b exh;ust ¢ Monthly VE readings for each EU.
system, and pipe-away PRVs.
DOW-Kokam - | Produce manganese oxide cathode /
Lee’s Summit graphite lithium-ion batteries for hybrid and | Operations do not require an air permit under Missouri regulations.
Battery Park electric vehicles.
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Emission
Company Description Types of Emission Units in Permit Limit Control Requirements
Range
. Facility-wide limit of 100 ton PM/yr, 10 ton individual HAP/yr, and 25 ton total HAP/yr to avoid major source status.
Produce lithium-ion cells and packs for
- - . . o Shall operate baghouse (Dust Collector #1)
hybrid and electric vehicles. Primary .
. . at all times when EU7A, EU7C, and EU7E are
5. EnerDel - lithium chemistries include: manganese - .
. . . 1 . The PM emissions from the mixers EU7A, EU7C, and not completely covered.
Indianapolis, spinel cathode and lithium titanate anode . . . .
. - EUYE shall not exceed a combined emission rate of 2.26 | 0.03 gr/dscf | e Daily pressure drop readings across the
IN for high power applications, as well as
. Ib/hr. baghouse (Dust Collector #1)
manganese spinel cathode and amorphous . .
. Lo e Daily VE notations of Dust Collector #1
carbon for high energy applications.
stack exhaust.
Permit Notice Information: The EnerG2 facility will
manufacture activated carbon particles and use
baghouses and a thermal oxidizer to control air
6. EnerG2, Inc. - Produce high energy density nano-carbon pollutants. A small natural gas-fired boiler will be used 0.1 gr/dscf
Albany, OR for ultracapacitors. to provide steam heat for the manufacturing processes. 8
Milling (controlled by fabric filter) and product bagging
(controlled by HEPA) during the carbon manufacturing
processes.
Produce manganese chemical derivatives
7. ERACHEM designed for Specialties and Electronics Exhaust gases from must vent through the
COMILOG, applications, as well as for the Agrochemical | Milling, classifier, material handling and transfer, and 0.03 gr/dscf dust collector before discharging to the
INC. - Riviera industry. Portfolio includes high purity roaster/calciner. 8 atmosphere.
Beach, MD oxides, anhydrous salts, specialty
metallurgical products and reduced ore.
8 h Produce nickel-cobalt-metal battery cells and
- Johnson packs, as well as production of battery According to the Michigan Department of Environmental Quality, this facility recently submitted a permit application but
Controls -
separators (by partner Entek) for hybrid and | a permit has not yet been issued.
Holland, MI . \
electric vehicles.
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Emission
Company Description Types of Emission Units in Permit Limit Control Requirements
Range
e Shall not operate EUs unless dust collector
is installed, maintained, and operated in a
satisfactory manner, including continuous
pressure drop monitoring.
e Monthly VE readings for each EU.
9. LG Chem Produce lithium-ion polymer battery cells 0.002 to ?thle ;—:rrll:)lricsﬁorr(;llllir:gltrsr;anganese emissions

Michigan for the GM Volt using a manganese-based Anode and cathode material metering and mixing 0.005 1b limit of 125 b/ yr

Incorporated - cathode material and a proprietary controlled by a dust collector and activated carbon. PM/ 1,000 h ylll' ickel emissions limit of

Holland, MI separator. 1b exhatst e 12-month rolling nickel emissions limit o
301b/yr.
e 12-month rolling cobalt emissions limit of
241b/yr.
e 12-month rolling emission limit for each
individual HAP of 8.9 ton/yr.
e 12-month rolling emission limit for total
HAPs of 22.4 ton/yr.

10. NEI An Open Public Records Act request was submitted to the New Jersey Department of Environmental Protection (NJDEP)
Corporation - Manufacturer of NMC cathode material. for any air permits issued to NEI Corporation. According to the NJDEP, no air permits have been issued to NEI

Somerset, NJ

Corporation.

Manganese sulfate and/ or nickel sulfate bulk bag
unloader. HEPA filter system.

Manganese sulfate and/ or nickel sulfate solution mixing

¢ Shall not operate any EU unless HEPA

11. BASF . . . tank. HEPA filter system. 0.011b PM/ filter system is installed, maintained, and
Corporation - Manufacturer of NiMH battery material. - 1,000 Ib . .
Troy, MI Cobalt sulfate and/or nickel sulfate bulk bag unloader. exhaust operated in a satisfactory manner.
! HEPA filter system. e Monthly VE readings for each EU.
Cobalt sulfate and/or nickel sulfate solution mixing tank.
HEPA filter system.
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Emission
Company Description Types of Emission Units in Permit Limit Control Requirements
Range
Lithium hydroxide materials handling operation; lithium
hydroxide materials handling operation; controlled by
fabric filter (1,808 square feet of filter area). e Shall perform periodic inspections and
12. Rockwood maintenance (I&M) of fabric filter as
Lithium - Produce battery-grade lithium carbonate Subject only to state PM emission limits based on process recommended by the manufacturer and
Kings and lithium hydroxide. weight rate. perform an annual (for each 12 month period
Mountain, NC following the initial inspection) internal
Facility-wide limit of 100 ton PM/yr, 10 ton individual inspection of each bagfilter system.
HAP/yr, and 25 ton total HAP/yr to avoid major source
status.
0,001 to 0.05 ;1 The pejrrlmttee s}'1a11 notloperﬁteleljn'e lor2
. . . ‘ o b PM/ try mater{a operatlor@ unless the fabric
Raw material handling and mixing (with fabric filter). 1.0001b filters are installed, maintained, and operated
’ in a satisfactory manner, including but not
exhaust limited to maintaining a pressure drop range
gap p rang
across each fabric filter according to the
0.001 Ib manufacturer’s specifications.
Calcination mixer controlled by a fabric filter PM/ 1,000 ° ynstall, cah.brate, maintain, and operate a
Ib exhaust device to monitor the pressure drop for each
13. Toda America - fabric filter on a continuous basis.
Battle Creek, Manufacturer of NMC cathode material. o The permittee shall not operate the lines
MI 0.01t0 0.033 | unless the wet scrubbers are installed,
Intermediate material handling and mixing (with fabric 1b PM/ maintained, and operated in a satisfactory
filter). 1,000 Ib manner, including continuously monitoring
exhaust the scrubber liquid flow rate and maintaining
it at a minimum of 0.22 gal/min.
¢ Monthly VE readings.
0.001 1b
Calcination process (with wet scrubber). PM/ 1,000 Other emission limits:
Ib exhaust e 12-month rolling nickel emissions limit of

1451b/yr.
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APPENDIX C - RBLC SEARCH RESULTS
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The USEPA maintains a database of control technology determinations
made throughout the United States. This database represents the largest
compendium available in the field of air pollutant source requirements
and control capabilities, and is a useful resource when conducting a case-
by-case MACT analysis. The RBLC database was queried for all PM
determinations from January 1, 2008 to present (a full 5 year period, plus
the remainder of 2013). The query returns information for any process
that has a PM determination. Each process could include several records
for other pollutants as well; therefore, the number of records returned in
any query may not all be related to PM. A total of 5,918 records were
obtained from the query, downloaded into an Access database, and
tiltered to list only PM records (approximately 48% of the total records)
exclude records for operations that are not relevant to the LIB plant.

Two separate screening methods were employed to evaluate the RBLC
records for operations that are similar to the LIB plant. For both of these
methods, all records for fuel combustion sources, such as coal, oil, or
natural gas-fired boilers, were excluded from further consideration. There
are no fuel combustion sources associated with the LIB plant; therefore,
these records were removed because they failed the “similar design”
criteria. Fuel combustion sources would produce larger volumes of air
(i.e., combustion gases) than produced in the LIB plant, and the
particulate will be much smaller than found in the LIB plant operations.
This initial filtering removed approximately two thirds of the records.
The remaining 1,050 PM records were evaluated using both of the
following two methods:

1. Filter the PM records by industrial source category (i.e., SIC code)
and use engineering judgment and general knowledge of the
processes to exclude those not similar to the LIB plant. These
records were removed because they failed the “similar design”
and/or “similar capacity” criteria. Records excluded using this
method were related to sources such as large material processing
and handling sources (e.g., cement and lime kilns), because they are
much larger, both in gas volumes and particulate mass loadings,
than the types of sources at the LIB plant.

2. Identify the records that report throughput capacity data, and
exclude all records that have reported hourly or annual
throughputs more than 10 times greater than the hourly or annual
LIB plant throughput rates. These records were removed because
they failed the “similar capacity” criteria.
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The first method was to filter the records by SIC group as presented in
Table C-1 and then use general knowledge of the processes to exclude
those not similar to the LIB plant. Once filtered by SIC group, additional
records within SIC groups were excluded as appropriate (e.g., fuel
burning processes). Table C-2 presents a detailed summary of the records

potentially relevant to the LIB plant operations.

Table C-1. Summary of SIC Categories Identified in RBLC PM Records from
January 1, 2008 to Present

Does SIC Why Not?
SIC qns Represent
Code SIC Description a SP}milar
Source?
0 (miscellaneous) No Wront Pollutant;
oilers
28 (chemical plant cooling tower) No Pollutant is mist
147 | (lime silos at precipated calcium carbonate plant) No Pollutant is mist
173 | (fuel combustion) No High flow
242 | (fuel combustion) No High flow
262 | (fuel combustion) No High flow
361 | (fuel combustion) No High flow
491 | (fuel combustion and cooling towers) No Pollutant is mist
493 | (fuel combustion) No High flow
701 (fuel combustion) No High flow
971 (fuel combustion) No High flow
1011 | Iron Ores No High flow
1311 | Crude Petroleum and Natural Gas No Wrong pollutant
1321 | Natural Gas Liquids No No PM
1382 | Oil and Gas Field Exploration Services No No PM
1474 | Potash, Soda, and Borate Minerals No Boiler
1731 | Electrical Work No NA
1771 | Portland Cement No High flow
2032 | Canned Specialties No Wrong pollutant
2046 | Wet Corn Milling No Wet PM
2075 | Soybean Oil Mills No Wet PM
2079 Shortening, Table Oils, Margarine, and Other Edible No VOC/acid
Fats and Oils, Not Elsewhere Classified
2421 | Sawmills and Planing Mills, General No Large PM
2493 | Reconstituted Wood Products No Large PM
2611 | Pulp Mills No Wrong pollutant
2621 | Paper Mills No High flow
2711 | Newspapers: Publishing, or Publishing and Printing No VOC
2813 | Industrial Gases No Wrong pollutant
2816 | Inorganic Pigments Potentially
2819 Indus.tlTial Inorganic Chemicals, Not Elsewhere Potentially
Classified
2801 Plastics Materials, Synthetic Resins, and N Boilers; heaters
Nonvulcanizable Elastomers ©
2822 | Synthetic Rubber (Vulcanizable Elastomers) No Large PM
2869 Indus'tljial Organic Chemicals, Not Elsewhere No Boilers; generators
Classified
2873 | Nitrogenous Fertilizers No High flow
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Does SIC Why Not?
SIC 6] Represent
Code SIC Description a SP;milar
Source?
2895 | Carbon Black Potentially
2899 Chemicals and Chemical Preparations, Not Potentially
Elsewhere Classified
2911 | Petroleum Refining No High flow
3011 | Tires and Inner Tubes No Wrong pollutant
3211 | Flat Glass No High flow
3241 | Cement, Hydraulic No High flow
3251 | Brick and Structural Clay Tile No High flow
3274 | Lime Potentially
3295 | Minerals and Earths, Ground or Otherwise Treated Potentially
3296 | Mineral Wool No Condensables/wet
3312 Steel Works, Blast Furnaces (Including Coke Ovens), N High flow
and Rolling Mills ©
3313 | Electrometallurgical Products, Except Steel No High flow
3321 | Gray and Ductile Iron Foundries No High flow
3325 | Steel Foundries, Not Elsewhere Classified No Fugitives
3334 | Primary Production of Aluminum No High flow/acid
Secondary Smelting and Refining of Nonferrous High flow/acid
3341 No
Metals
3351 | Rolling, Drawing, and Extruding Of Copper No Oily
3365 | Aluminum Foundries No High flow
3511 Steam, Gas, and Hydraulic Turbines, and Turbine N High flow
Generator Set Units ©
3624 | Carbon and Graphite Products Potentially
3711 | Motor Vehicles and Passenger Car Bodies No VOC
3713 | Truck and Bus Bodies No VOC
3724 | Aircraft Engines and Engine Parts No Specialty
122 Specifill Warehousing and Storage, Not Elsewhere No NA
Classified
4812 | Radiotelephone Communications No NA
4911 | Electric Services No NA
4922 | Natural Gas Transmission No NOx
4923 | Natural Gas Transmission and Distribution No NOx
4905 Mixed, Manufactured, or Liquefied Petroleum Gas No NA
Production and/or
4931 | Electric and Other Services Combined No NA
4939 | Combination Utilities, Not Elsewhere Classified No Generators
4952 | Sewerage Systems No Wrong pollutant
4953 | Refuse Systems No High flow
4961 | Steam and Air-Conditioning Supply No NA
5052 | Coal and Other Minerals and Ores No Pollutant is mist
7011 | Hotels and Motels No NA
8221 | Colleges, Universities, and Professional Schools No Boilers
9711 | National Security No NA

NA = not applicable

NOx = nitrogen oxides

PM = particulate matter

VOC = volatile organic compounds
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Table C-2. Summary of RBLC Records Potentially Relevant to the LIB Plant Operations
Percent
SIC a9 q_ps Control Method Emission | Emission 2
Code Facility Description Process Name Tresmasiins Limit Limit Unit Efflc(:)ency
. o . . No. 7 Pigment Grinding
2816 | Titanium Dioxide Pigment Manufacturing Feed Bin (AK-107) Baghouse 0.005 gr/dscf
- o . . No. 7 Pigment Grinding
2816 | Titanium Dioxide Pigment Manufacturing Feed Bin (AK-107) Baghouse 0.01 gr/dscf
. L . . No. 7 Pigment Grinding
2816 | Titanium Dioxide Pigment Manufacturing Feed Bin (AK-107) Baghouse 0.01 gr/dscf
2819 | Activated Carbon Production Facility Carbon Production Fabric filter 0.01 gr/dsct
2819 | Activated Carbon Production Facility Carbon Production Fabric filter 0.01 gr/dscf
2819 | Activated Carbon Production Facility Carbon Production Fabric filter 0.01 gr/dscf
2895 | Furnace Carbon Black Production Ca1jbon Black Production | Main Unit Filter 3.01 Ib/hr
Units 3 and 4 Baghouse
2895 | Furnace Carbon Black Production [C;I;ESOg frllzc}: Production Baghouse 3.01 Ib/hr
A proposed manufacturing complex consists of an acrylamide
plant, a powder plant, a diallyldimethylammoniumchloride ATBS Plant - Silos,
2899 | (DADMAC) plant, a specialty products plant, an emulsion plant, | Hoppers, Bagging No additional control 0.01 Ib/hr
a polyamine plant, a dimethylamineoethylacrylate (ADAM) Operations
plant, a chloromethy
A proposed manufacturmg complex consists of an acrylamlde Good equipment design
plant, a powder plant, a diallyldimethylammoniumchloride Powder Plant - Process and Droper operations
2899 | (DADMAC) plant, a specialty products plant, an emulsion plant, proper op ) 0.51 Ib/hr
. - . Sources Fueled by natural gas or
a polyamine plant, a dimethylamineoethylacrylate (ADAM)
propane
plant, a chloromethy
A proposed manufacturmg Complex consists of an acryla.mlde Good equipment design
plant, a powder plant, a diallyldimethylammoniumchloride Powder Plant - Process and proper operations
2899 | (DADMAC) plant, a specialty products plant, an emulsion plant, proper op ) 0.41 Ib/hr
. . . Sources Fueled by natural gas or
a polyamine plant, a dimethylamineoethylacrylate (ADAM)
propane
plant, a chloromethy
A proposed manufacturing complex consists of an acrylamide
plant, a powder plant, a diallyldimethylammoniumchloride Powder Plant
2899 | (DADMAC) plant, a specialty products plant, an emulsion plant, Packaging / Loading Areas Dust Filters 0.1 Ib/hr
a polyamine plant, a dimethylamineoethylacrylate (ADAM) s1ns &
plant, a chloromethy
ERM C-5 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014




Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 287
Percent
SIC o a-rg Control Method Emission | Emission 0.0
Code Facility Description Process Name Smesyan Limit Limit Unit Efflrg)ency
A proposed manufacturing complex consists of an acrylamide
plant, a powder plant, a diallyldimethylammoniumchloride Powder Plant
2899 | (DADMAC) plant, a specialty products plant, an emulsion plant, Packaging / Loading Areas Dust filters 0.11 Ib/hr
a polyamine plant, a dimethylamineoethylacrylate (ADAM) s1ns &
plant, a chloromethy
Baghouse with 99.5%
Lime manufacturing plant. Dolomitic lime is produced from capture efficiency.
3274 limestone containing 30 to 45% magnesium carbonate. Dust Load-out System Mechanical enclosure for 8.1 ton/yr
conveying equipment.
Lime manufacturing plant. Dolomitic lime is produced from Lime L.oad—Out, Baghousgs @) Wh;Ch
3274 ) .. o . Screening, Transfer, shall achieve 99.5% 3.32 ton/yr
limestone containing 30 to 45% magnesium carbonate. .
Storage capture efficiency.
. . e e Product Transfer,
3974 Flme manufactgn.ng plant. Doolomltlc ll.me is produced from Processed Stone, Baghouse 123 fon/yr
limestone containing 30 to 45% magnesium carbonate. . .
Conveying at Kiln
The Carbo Ceramics, Inc. facility in McIntyre, GA is engaged in Addition of a baghouse
3295 the production of ceramic pellets for use in the natural gas Alumina-Rich Clay, to control PM emissions 0.01 v/ dsct 99
mining industry. The major raw materials are alumina-rich clay, | Water, and Bauxite as required in 40 CFR 60 ’ &
water, and bauxite. Subpart NSPS UUU.
Pyramax Ceramics plans to construct a manufacturing facility for
3205 the production of proppant beads for use in the oil and gas Material Handlin Baghouse 0.005 v/ dsct 99
industry. The major raw material is clay. The clay is mixed with 5 & ' &
chemicals and then fired in a kiln to produce ceramic beads.
Pyramax Ceramics plans to construct a manufacturing facility for
the production of proppant beads for use in the oil and gas . .
329 industry. The major raw material is clay. The clay is mixed with Material Handling Baghouse 0.005 gr/ dscf 9
chemicals and then fired in a kiln to produce ceramic beads.
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Percent
SIC o a-rg Control Method Emission | Emission 0.0
Code Facility Description Process Name Smesyan Limit Limit Unit Efflrg)ency
Pyramax Ceramics plans to construct a manufacturing facility for
3295 the production of proppant beads for use in the oil and gas Material Handlin Bachouse 0.005 v/ dsct 99
industry. The major raw material is clay. The clay is mixed with & & ' &
chemicals and then fired in a kiln to produce ceramic beads.
3624 | Graphite Electrode Manufacturing Facility Cleaning and Inspection Baghouse 0.005 gr/dscf
Graphitizing Process
3624 | Graphite Electrode Manufacturing Facility (Gulper System, Dust Baghouse 0.005 gr/dscf
Bins)
Graphitizing Process
3624 | Graphite Electrode Manufacturing Facility (Gulper System, Dust Baghouse 0.005 gr/dsct
Bins)
Graphitizing Process
3624 | Graphite Electrode Manufacturing Facility (Gulper System, Dust Baghouse 0.005 gr/dsct
Bins)
3624 | Graphite Electrode Manufacturing Facility Machining and Shipping Baghouse 0.005 gr/dsct
3624 | Graphite Electrode Manufacturing Facility Insullat.mg Media Baghouse 0.005 gr/dscf
Receiving
. . . Mill, Mix, and Extrusion Baghouse/Dry Fume
3624 | Graphite Electrode Manufacturing Facility Process Including Mixers | Scrubber 0.005 gr/dsct
3624 | Graphite Electrode Manufacturing Facility Cleaning and Inspection Baghouse 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility Cleaning and Inspection Baghouse 0.005 gr/dsct
3624 | Graphite Electrode Manufacturing Facility Machining and Shipping Baghouse 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility Machining and Shipping Baghouse 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility Mill, Mix, and Extrusion Baghouse 0.005 gr/dscf
Rebake Load and
3624 | Graphite Electrode Manufacturing Facility Unload/Graphitizing Baghouse 0.005 gr/dscf
Preparation
Rebake Load and
3624 | Graphite Electrode Manufacturing Facility Unload/Graphitizing Baghouse 0.005 gr/dscf
Preparation
Bake Load and Unload
3624 | Graphite Electrode Manufacturing Facility and Baked Electrode Baghouse 0.005 gr/dsct
Cleaning Process
ERM C-7 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014




Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 289
Percent
SIC o a-rg Control Method Emission | Emission 0.0
Code Facility Description Process Name Smesyan Limit Limit Unit Efflrg)ency
3624 | Graphite Electrode Manufacturing Facility Mill, Mix, and Extrusion Baghouse 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility {g&;liitil:gg Media Baghouse 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility gﬂg@gﬁ’&?ﬁi}gﬁ?ﬁs SBSELC;;SI-E/ Dry Fume 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility Ih’ﬁgkeﬁl?ﬁgiii)gﬁi(gs SB;%:LCI);S:/ Dry Fume 0.005 gr/dscf
Rebake Load and
3624 | Graphite Electrode Manufacturing Facility Unload/Graphitizing Baghouse 0.005 gr/dscf
Preparation
Bake Load and Unload
3624 | Graphite Electrode Manufacturing Facility and Baked Electrode Baghouse 0.005 gr/dsct
Cleaning Process
Bake Load and Unload
3624 | Graphite Electrode Manufacturing Facility and Baked Electrode Baghouse 0.005 gr/dsct
Cleaning Process
. . . Insulating Media
3624 | Graphite Electrode Manufacturing Facility Receiving Baghouse 0.005 gr/dscf
3624 | Graphite Electrode Manufacturing Facility Mill, Mix, and Extrusion Baghouse 0.005 gr/dscf

a. If blank, no efficiency was specified in the RBLC database record.
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The second approach to reviewing the RBLC records involved reviewing available
information to identify PM records for processes with similar capacity to the LIB plant.
This approach began with filtering out all the non-PM records and records for fuel
burning sources. These two refinements alone reduced the potentially relevant records
from 5,918 to 1,050. The remaining 1,050 records contained records for cooling towers,
boilers, and generators that were not removed by the initial filtering of fuel burning
sources. These records were excluded and the remaining records numbered 922, just
15.5% of the initial query results.

These 922 records were then reviewed for available throughput data with which to
compare the LIB plant capacity. The LIB plant material throughput rate is 0.35 ton/hr
and 3,083 ton/yr. Of the 922 records, only 50% have throughput data of any kind, 28%
have ton/hr throughput rates, and 5% have ton/yr throughput rates. For this review,
similar capacity is conservatively considered to be a throughput rate within 10 times
that of the LIB plant. Without considering the type of facility (e.g., plasma torch cutting
operations would never be considered a similar source), only 5% of the facilities have
hourly throughput rates within 10 times that of the LIB plant (12 records out of 256 with
ton/hr throughput rates) and only 28% of the facilities have annual throughput rates
within 10 times that of the LIB plant (14 records out of 50 with ton/yr throughput
rates). These 26 remaining records with a throughput rate similar to that of the LIB
plant include the following:

e 12 material handling storage area sources at an iron ore concentrate
pelletizing plant that utilize bin vents for control,

e a batch mixer and material elevator at a flat glass plant that utilizes a
baghouse for control,

e 3 plasma torch cutting operations at a specialty steel plant that utilize a
baghouse for control,

e 7 process operations at an iron foundry and aluminum engine casting plant
that utilize baghouses for control, and

e astock house and 2 lime silos for pig iron production at a steel mill that use
baghouses for control.

Because there are no storage area sources utilizing bin vents for control at the LIB plant,
the 12 records associated with the iron ore concentrate pelletizing plant were not
considered similar in design to the LIB plant process operations and were excluded
from further evaluation. The remaining 14 records were identified with this approach
as having a similar capacity to the LIB plant and are presented in Table C-3. These 14
records were compared to those identified in Table C-2. No duplicates exist between
the two record sets. In addition, further review verified that the records identified in
Table C-2 either have no throughput data available in the RBLC database or their
throughput rates are at least 10 times greater than the LIB throughput rate. Therefore,
the records in Table C-2 would not be identified by the search described above.
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Both approaches to the RBLC data, using engineering knowledge of the industries and
review of the capacities of the processes identified in the search, result in the
observation that less than 1% of the query results (i.e., 58 records) contain a PM
determination potentially relevant to the LIB plant.

Table C-3. Summary of RBLC Records with Similar Capacity to the LIB Plant
Operations

g Control Beret Emission
SIc Fac1.11t¥ Process Name Throughput Method Em}ss?on Limit Pe.!r?ent
Code Description . . Limit . Efficiency
Description Unit
Cullet Return,
3211 | Flat Glass Plant Elevator Bottom & | 650 ton/yr | Baghouse 0.005 gr/dscf none(@
Top; Batch Mixer
. Plasma Torch 30,000
3312 | Specialty Steel Cutting Operation ton/yr Baghouse 0.01 Ib/hr 99.9
. Plasma Torch 30,000
3312 | Specialty Steel Cutting Operation fon/yr Baghouse 0.01 Ib/hr 99.9
. Plasma Torch 30,000
3312 | Specialty Steel Cutting Operation fon/yr Baghouse 0.01 Ib/hr 99.9
Iron Foundry and DeFlash, DeCore, 26.762
3321 | Aluminum Engine | DeGate torll Jyr Baghouse 0.031 Ib/ton
Casting Plant Operations (4) y
Iron Foundry and .
3321 | Aluminum Engine I{/ﬁid(goohng ,[2()6156% Baghouse 0.1 Ib/ton
Casting Plant y
Iron Foundry and Mold shakeout 26,762
3321 | Aluminum Engine | with duct burner tor’1 Jyr Baghouse 0.17 Ib/ton
Casting Plant @) y
Iron Foundry and | Mold shakeout 26.762
3321 | Aluminum Engine | with duct burner tor; Jyr Baghouse 0.35 Ib/ton
Casting Plant 4) y
Iron Foundry and . .
3321 | Aluminum Engine Elansrtllerﬁ:)oohng t2061;362r Baghouse 0.09 Ib/ton
Casting Plant y
Iron Foundry and . .
3321 | Aluminum Engine E;s;gg(;)oohng 3061562r Baghouse 0.17 Ib/ton
Casting Plant y
Iron Foundry and .
3321 | Aluminum Engine i/ilzld([lc)oohng t26r’1;62r Baghouse 0.2 Ib/ton
Casting Plant ¢ onzy
Pig Iron at Steel Stock House 2 Fabric
3325 Mill Baghouse Vent 2,462 ton/yr Filter 0.04 Ib/hr 99.5
. Coke Battery 2 .
335 | Fig Iron at Steel FGD Lime Silo 21,810 Fabric 0.005 Ib/hr 995
Mill . ton/yr Filter
Unloading
. Coke Battery 1 .
335 | Fig Iron at Steel FGD Lime Silo 21,810 | Fabric 0.005 Ib/hr 99.5
Mill . ton/yr Filter
Unloading

a. No efficiency was specified in the RBLC database record.
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APPENDIX D - CONTROL EQUIPMENT DESIGN DOCUMENTATION
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Table D-1. Index of Control Equipment and Location of Supporting Documentation

DF Ocl;lzl:t Gas-to-
Process Appendix D Dust DF Filter Manufacturer Cloth | Blower Flow Filter
Operation Page # Collector ID Area ID Area
() Ll Ratio
(acfm)
Cathode-1 “05:;:,:51) DF-1 F21050 | National Bulk Equipment | 75 21060 300 4.0
Cathode-3 D-3 DF-3 F31020 | National Bulk Equipment 75 31040 300 4.0
Cathode-s | MOtIMHAP | b g F23010 | Netzsch 377 | 23080 1423 38
service
Cathode | MOtIMHAP | pp )y F21535 | MAC Process, Inc. 17 30 1.8
service
Cathode-4 D-5, D-9 DF-4 F32015 MAC Process, Inc. 17 61040 30 1.8
Cathode-6 D-6, D-9 DEF-6 F41020 Littleford Day, Inc. 17 30 1.8
Cathode-7 D-7, D-9 DF-7 F61030 MAC Process, Inc. 671 1300 1.9
D-10 DF-12 F70025 MAC Process, Inc. 16 30 1.9
Cathode-9
69050
D-11 DE-8 F69040 MAC Process, Inc. 671 1300 1.9
Cathode-13
D-15 DF-11 F67350 Vac-U-Max 95 67355 116 1.2
Cathode-10 D-19 DF-9 F71030 Netzsch 614 71050 2213 3.6
Cathode-8
Cathode-14
Cathode-11
D-14 DEF-10 F92010 MAC Process, Inc. 1342 92030 2350 1.8
Cathode-12
Cathode-15 D-22 DF-13 F11910 Vac-U-Max 95 11930 208 2.2
ERM D'2 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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National Bulk Equipment
Cathode-3
Dust Collector DF-3
Filter ID: F31020

Blower ID: 31040

NBE Forward Thinking. Real Results

- NATIONAL BULK EQUIPMENT

Bulk Bag Unloader System Manual

NOTE: Be sure this
document is used in training
employees on daily operation

of this machine.

wr

5

W

e
e

N/ T
"

A~

BASF
CSO# E601060135

49-1SP-BBU

National Bulk Equipment
12838 Stainless Drive Holland, MI 49424
Phone: (616) 399-2220 Fax: (616) 399-7365
www.nbe-inc.com
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- e N Forward Thinking Real Results
-

-

Pneumatic Slide Gate: A 14" pneumatic gate 1s provided. The gate 1s designed to
close during the empty bulk bag collapsing sequence. The gate is constructed in 304-
2B stainless steel. Double acting air cylinders actuate the gate.

Dust Collection: The system includes an integral reverse pulse jet dust collector. It
nzes (10 ane Chemen 17 5" diameter ¥ 78" long standard pleated filter cartridge with a
filtration surface area of 75 square feet. The cartridge is easily changeable and has
NBE's exclusive diffusion cone for efficient reverse pulse cleaning. The dust
collection system is powered by a 1 HP /460 VAC / 3 phase / 60 Hz inverter duty
maotor and inclndes 2 VEFD located in the control panel. The American Fan unit is
rated to 300 CEM @ 6" w.c. static pressure. The fan blade and heusing are
constructed 1 Aluminum (Stainless Steel 15 available). An analog DP transmitter 15
provided for the unit; a secondary unit is provided on the Precursor (BS31010) unit.
An air flow sensor 18 provided to indicate if there 1s no air flow. There 15 an on/off
switch on the control panel for the dust collection unit. Tt can be turned to the off
position during equipment cleaning or maintenance. When it 1s turned to the off
position it reverse pulses to clean the cartridge and the captured dust is reclaimed into
the receiving hopper. The dust collector is mounted on the bulk bag unloader frame.
The dust collection system 1s designed to collapse the bulk bag,

Controls: The enclosure is NEMA 4 type and all motor starters, VFD's, contactors,
operator switches and an Allen Bradley CompactLogix PLC is supplied. The
CompactLogix includes Ethernet [P communications. All Reliance motors supplied
are in accordance with IEEE-841 requirements. The bulk bag unloader includes
comtrols for the dust collector. The dust collector includes an On/Off switch for the
fan and reverse pulse jet cleaning. A differential pressure transmutter 15 included and
1s mounted at the operator station. All devices within the control system conform to
the BASF vendor list. An operator display 1s mounted on the operator enclosure and
has been designed to adjust system variables and display equipment faults. The unit
includes two separate enclosures; (1) has 460 VAC and the other is for the 24 VDC
control voltage.

Operator Platform

013112 13 of 45 Bulk Bag Unloader — Precurser
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Dust Collectors DF-4

Filter IDs:

F32015

(5) GROUND LUCS
(SEE DETAIL)

8

.ALL DIMENSIONS ARE IN INCHES WITH SECONDARY UNITS IN
WILLIMETERS,

3447 (19.08MM) FNPT, 60—80 PSl (41— 6.2 BARG) REGULATED
CLEAN, DRY AR REQUIRED. 1 SCFM VOLUME.

10 GA. 304 STAINLESS STEEL CONSTRUCTION.

UNIT IS STRESSED FOR —17" Hg (—0.57 BAR).

(2) 1/47 (B.35MM) FNPT DIFFERENTAL PRESSURE GAUGE PORTS
MUST HAVE PIFE PLUGS IF DIFFERENTIAL PRESSURE GAUGE IS
NOT USED.

TOP PLENUM REMOVABLE FOR ACCESS TO CARTRIDGE. DE—
EMERGIZE TIMER COMTROL BEFORE WORKIMG OW UMIT. REMOVE
BY UNBOLTING PLENUM FROM BAGHOUSE AND EXHAUST DUCT,
DISCOMMNECT 3,/47 (19.05MM) BRAIDED HOSE, AND LIFT OFF
TOF PLENUM. (HEADER REMAINS ATTACHED TO HOUSING)

(2) 1/47 (B.35MM) THICK WHITE EFDM CLOSED CELL SPONGE
GASKETS PROVIDED TO SEAL TUBESHEET.

MEMA 4 ENCLOSURE WITH TIMER CONTROL AND GOYEM SOLENCID M
VALVE, 24 YDC REQUIRED. {SOLENDID PRE-FLUMBED TO @2
o PULSE HEADER GOYEN DIAPHRAGM VALVE WITH 1/4" (6.35MM) 0
Filter area (17 ftz) , POLY—FLO TUBING) =
UNIT INCLUDES {1) POLIPLEET QPB42 POLYESTER W/ PTFE =
flow rate (30 Cfm) and TOF LOAD CARTRIDGE, PROVIDING 17 SO. FT. OF MEDIA WITH 2
o AN .-!ER TO € I)_JI'H RATIO OF 1.8:1 & 30 CFM
] ] 1 . 10. 4" (6.35MM} WHITE EPDM CL»“ED CELL SPONGE GASKET AND
design air-to-cloth ratio (1.8:1) R T B e oEnE NS,
11, APEROX. WEIGHT: 50 LES.
o 12. 5/N: 187824—002—
253.948 135 TAG F22015
| 14. STAINLESS STEEL TAG.
! =
| FINISH NOTES:
. En 15. INTERIOR PRODUCT CONTACT WELDS TO BE CONTINUOUS, GROUND
| SMOOTH TO £G24 GRIT FINISH.
18. INTERIGR AND EXTERIOR STAINLESS STEEL SURFACES TO BE
PICKLED.
r 1064 = SPECIAL ASSEMBLY AND TEST MOTES:
‘ 17. FILTER TO BE BUBBLE TESTED AT 1/2 PSI (0.034 BARG)
This print is certified io be dimensionally correct
to E 1/4 inch on all compenents, E 1/2 on overdll
dimensions up to 120 inches and E 1 1/2 on all
dimensicns greater than 120
04} STAINLESS STEEL TAG INFORMATION . ~
@)_s S = Mac , F[oce"Fs, Inc.
/ - ™y & - - -
MAMUFACTURE: Mac Process, Inc. E{\r-' W | J C| L H er t% :-Wrg']@ Ef
PLANT BUILT: SABETHA, KS : ~
YEAR BUILLT: 2011
MODEL: 19RTC1 STYLE Il FILTER THS MATERIAL 15 THE PROFERTY OF MAC PROCESS
SER'AL I.IC 167824_@02_1 INC. AKD SHOULD MOT BE RFPED"IJ’E? PtIE.IE.HEP oR
EQUIPMENT TAG NO.. F32015 Sl on B (303 N0 T ABANST O oET-
FURCHASE ORDER MNO. 4557726298 MENTAL TO MAC PROTESE WG, SABETH
DESIGN PRESSURE: +8.327 PSl (+0.57 BARG) Rt
. _F‘, Hg ( I:r,;, BM;G“’ macprocess 9RTCT STYLE 1l FILTER
DESIGN TEMPERATURE: 140°F (60°C) ‘schendkpracess group FOR
EMPTY WEIGHT: 50 LBS. BASF CORPORATION
s 8 LH|““T§3 34,714 |IMEONE FRE e ERES (ELYRIA, OH)
[SCALE " " OWERM) JO8 ND. [DRAWING MO, i i REV.
1,/8"=1 1,,,, 5 m;ﬂ 167824 CM105936 | D

ERM

D-5

BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014




Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02
Page 297
Littleford Day, Inc.
Cathode-6
Dust Collector DF-6
Filter ID: F41020
% 9, Hew, A x §
_.r::'\ PEF NOZZLE TABLE
L8N T TE TEDE AN
FZ [ 77 DX 77 001D
[=] . 1 . NﬂTF P— "
FARE a7 °—— B n 4
¥2 | 14 0D TUBE e
¥4 [ 14" 0D TUBE r )
%2 | 4" NETE {
73 13 T50F ANSTPLIGEED
1T i
DAWIT :.?.r.-\ ' _Il}.'lé_; i
- 17.00
143181
'.F:ﬁ_H IE::E.\_"::;':FJ_I‘ I—1 ‘4 NPTF AIR l—_
."f';‘-‘.‘. 3 LIFTING _ng—\\ = | CONMECTION
o g
4 ;
y = il
! / o
i NeTr—/ I B | §e
' —
m|
1
K] g9 ¥ [d 9 (] ﬂi# HH\
JA— a oy CASHET
PLUGGED 17 SQ. FT. PULSEBACK FILTER Fllter area (17 ft2)

ERM D'6

BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014



Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 298

MAC Process, Inc.
Cathode-7
Dust Collector DF-7

Filter ID: F61030

ERM D'7 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014



Filter area (671 ft2),
flow rate (1,300 cfm), and
design air-to-cloth ratio (1.9:1)

WET B
FOOT PAD LAYOUT DETAIL

[120.656M) B.C.

1 2

_/ll' D:\ i:lyll 50.8

LEVEL INDICATOR PORT FLAMGE DETAIL

(4¥ SCALE)
AMZEL 1004 FLANGE FATIERN

MATES 37

{2) 5/8° [15.875MM)
17 (25.4aMM) SLOTS

| i
81/ 112
4.3 1905
) B I

VIERATCR MOUKRT DETAIL
MOLUNT FOR BH! 5/8 R BHZ VIBRATOR
(VBRATOR NOT PROVIDED)

@' STAIMLESS STEEL TAG INFO.

{ ) NOTES
1.

{4} 34" [19.05MM) DIA,
HOLES EQUALLY SPACEDR AMD i
STRADDLING = OM A 4 3/47

10
1.
12
15

4.

i5

1E.

FMISH
17

18
149

20

SPEC|AL A%

MANUFACTURE: MWac Frocess, Inc.

FLANT BUILT: S&BETHa, K3

YEAR BUILT: 201

MODEL: 2W2FE MACZFLO FILTER

SERIAL MO 1ETEZ4—003-2

EQUIPKMENT TAG MO.: FE2040

FURCHASE ORDER WO. 45577262498

LESIGN PRESSURE: 4+0.25 PSl (400007 H-’-\RE
—35" W.C. (—0.0B7 BAR)

DESIGN TEMPERATURE: 1BO°F (BZ"C)

EMPTY WEIGHT: 2260 LBS.

22

Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1
EFSB 21-02

ALL DIMEMZICME ARE IN INCHES.
PRIMARY FILTER COMSTRUCTED OF 304 ETAINLESS STEEL AND
SAFETY FILTER COMSTRUCTED OF CAREOM STEEL.
FLTERS STRESSED FOR —35° WL, (—0.0B7RAR).
— PRIMARY FILTER WITH (8) QPE06 SPUNSORD POLYESTER W/
PTFE MEMBRAMNE (STAINLESS STEEL END CAPS AMD CAGE)
CARTRIDGES PROMVIDIMG E71 500 FT. OF MEDIA WITH AND
AR TO WEDI& RATID OF 1.9:1 & 1300 CFW
— SAFETY FILTER WITH (2) PROTURA 254 CARTRIDGES
PROVIDING 208 20, FT. OF MEDIA WITH AN AIR TO MEDIA
RATIO OF 2.6:1 @ 1300 CPM.
1" (25.4MM] MPT CONNECTION FOR COMPRESSED AIR SUPPLY.
EII —100 FEl (5.5-648 BARG), CLEAM DAY AlR REGUIRED
1.4 SCF PER PULZE
NEMA 4 TIMER EMCLOZURE WITH 120 VAD SMART TIMER FOR
PRIMARY FILTER TO BE MOUMTEDR O SUPPORT STRUCTURE,
PRE-WIRED AKD TESTED. THEW REMOVED FOR SHIPFING.
(MO REVERSE AlR PULSE CLEANING OW SAFETY FILTER)
NEMA 4 GOYEM SOLENDID EMCLOSUEE WNIH 120 VAC SOLENOIDS
MOUNTED ON PEIMARY FILTER HEADER AND PRE—PLUMEBED TO
COYEM DIAPHRAGMW VALVES WITH POLY—FLD TURING,
{2) 1/4" NPT DIFFEREMTIAL PRESSURE GAUGE PORTS OM
PRIMARY FILTER AMD (2] 1,/4" NPT DIFFERENTIAL PRESSURE
PORTS ON SAFETY FILTER. PORTE MUST BE PLUGGED IF
DIFFEREMTIAL PRESSURE GAUGE 15 MOT LISED
1/47 (8,35MM] WHITE EPDM CLOSED CELL SPONGE GASKET
AMD (1) SPARE PROVIDED FOR FLANCE CONMECTIONS
12" BUTTERFLY VALVE WITH 31655 DISC & STEM, WHITE
EPDM SEAT AND MAMUAL ACTUATOR.
CARTRIDGES SHIPPED IMSTALLED 1IN FILTERS
FELD ASSEMBELY REQUIRED.
APPRON. WEIGHT: 2260 LES. (FRIMARY FILTER)
E10 LBE, ""'-'-FET‘(' FILTERR)
GO0 RS, (PR WARY FILTEQ STRUCTURE)
3470 L85, (TOTAL)
167824—005—-2 (FRIMAEY FILTER)
167824—005—-2 gS.".FET'r' FILTER)
16TR2A—00B—2 (FAN)
TaG: FEI040 (PRIMARY FILTER)
Fead4s (SAFETY FILTER)
BLEOS0 (FAM)
STAMLESS STEEL TAG REQUIRED.

5/N:

MOTES
INTERMAL FRODUCT CONTACT WELDE ON PRIMAEY FILTER TO
CONTINUOUSE, GROUMD SMOOTH, TO CG24 GRIT FIMIZH.
CARBON STEEL SURFACES TO BE SAMDBLASTED TO SSPC—3P—-10
FAINT, [CARBON STEEL SURFACES OMLY)

— PRIMER: ZINC CLaD I (9683 & BGOD11)

— INTERMEDIATE COAT: MACROPOXY 646 (B5E-600 & BSEVEDD)
— TOP COAT: COROTHAME Il (BES—200 & BEOVZ)

[COLOR: RAL—5015 (SKY BLUEY)

INTESNAL akh ExTERKAL STAINLESS STEEL SURFACES To BE
PICKLED.
EXTERMAL REINFORCEMENT RIES T BE SKIP WELDED TO HOUSINGE.
(CARBOMN STEEL RIBS TO HAVE CLEAR SIUCOME CAULKING BETWEEM
SKIF WELDS AFTER PAINTIRG, STAINLESS STEEL RIBS TO HAVE
CLEAR SILCOME CAULKING BETWEEM SKIF WELDS AFTER FICKUMNG)

SEMELY aMD TEST MOTES:
FILTERS TO BE BUBHLE TESTED AT 1,4 FEI (0.7 BARG]

LM107269

This print is
to £ 1/4 inch an all components, E 1/2 on overall
dirmensicns up to
dirmensicns greater than 120,

Mac ].,.]E"i—" o
‘«

certified te be dimensionally correct

120 inches and E 1 172 an all

Inec.

P
ade
L

ICl

L Herbgiabm

MANUFACTURE: MWac Frocess, Inc.
FLANT BUILT: SARBETHA&, K=

YEAR BUILT: 201

WODEL 2M2F2 MACZFLD FILTER
SERIAL MO TETEZ4—005-2
EQUIFKMENT TAG MO.: FS2045
PURCHASE CORDER WO ASS7726258

— 35" W.C
DESIGN TEMPERATURE: 1B0°F (B2™C)
EMPTY WEIGHT: E10 L85

DESIGH PRESSURE: +0.25 RSl (+0.017 BAR)
[—0.087 BAR)

macpracess

Il pTICETT greuy

THS WATEHAL 15 THE PROSERTY OF WAC PAGCESS
IH'_ AMD n-n.l.u uc‘r ] mmmﬂ: o
AUTHOSIZATION ASD
EM.LM..‘T:EI..ﬂh M'| AT AGHMIT R DETsH-
WEWTAL To: WdE PROCESS Wi, BABETHA. Kandas

IMIFA MACZFLO WTH

IMIF? SAFETY FILTER

FOR BASF CORPORATION
(ELYRI4, OH)

s e 7824

P Bwio7z6a | D |
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New York Blower Company
Cathodes-4, -6, and -7
Dust Collectors DF-4, DF-6, and DF-7
Blower ID: 61040
The New York Blower Company
nyb
Fan # 1 From File F07882
34.0- -24.0
30.6- — -216
M
-\-\.,_\\”.\— /
27.2- -19.2
238- >\\ 168
20.4- s N 144 o POO Values:
] T g CFM [ 1300
T T SP | 30.15
Uedl= — G BHP | 9.01
g ME 9| 62.2
13.6- 35 = RPM| 3284
Density| 0.0592
10.2- 7.2
B.8- -4.8
3.4- -24
0.0-, 0.0
o0 1300 1300 2500 3100 3700
CFh
Test Data
Test Parameters Corrected To:
Plot Test Part | Wheel | Outlet | Bar. Wheel | Wheel | Brg.
Ho. | s No. Ho. Dia. Area | Pres. | RPM | Density | Comp. | Width %| Dia. | Drag Description
1 ! * |PB11-8 2 24000 0340 | 2023 | 2264 | 0.0502 Yas 100.00 | 24.00 | 0.000
ERM D'9 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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MAC Process, Inc.
Cathode-9
Dust DF-12

Filter ID: F70025

—
() NoTES:
1. ALL DIMENSIONS ARE IM INCHES WITH SECONDARY UMITS IN

MILUMETERS.
3747 (19.05MM) FNPT, 60-90 PS| (41— E.2 BARG) REGULATED
CLEAM, DRY AR REQUIRED. 1 SCFM VOLUME.
10 GA. 304 STAINLESS STEEL CONSTRUCTION.
UNIT IS STRESSED FOR —17" Hg (—0.57 BAR).
(2) 1/4" (B.35MM) FNPT DIFFERENTIAL PRESSURE CAUGE PORTS
MUST HAVE PIPE PLUGS IF DIFFERENTIAL PRESSURE CAUCE IS
NOT USED.

6 TOP PLENUM REMOWABLE FOR ACCESS TO CARTRIDGE. DE—
(5) GROUND LUGS EMERGIZE TIMER CONTROL BEFORE WORKING ON UNIT. REMOMVE
(SEE DETAIL) BY UNBOLTING PLEMUM FROM BAGHOUSE AND EXHAUST DUCT,
DISCONMECT 3/4" (12.05MM) BRAIDED HOSE, AND LIFT OFF
TOP PLENUM. (HEADER REMAINS ATTACHED TO HOUSING)
Fo0(2) 1747 (B.35MM) THICK WHITE EFDM CLOSEDR CELL SPONGE
GASKETS PROVIDED TO SEAL TUBESHEET.
g, MWEMA 4 ENCLOSURE WITH TIMER CONTROL AMD GOYEW SOLEMOID
VALVE, 24 VDO REQUIRED. (SOLENCID PRE-PLUMBEDR TO
PULSE HEADER GOYEN DIAPHRAGM VALVE WITH 1/47 (6 .35MM)
POLY—FLO TUBING)
9, UNIT [NCLLD POLIFLEET QWE12 NOMEX W/ PTFE TOP
LOAD CARTRIDGE, FROVIDING 16 SG. FT. OF MEDIA WITH AN
AR TO CLOTH RATIC -f:F 1.9:1 @ 30 CFM.
1/4" (B.35MM) WHITE SILICONE SPONGE CASKET AND
(1) SPARE FROVIDED FOR FLANGE CONMECTIONS.
1. APPROX. WEIGHT: 50 LBS.
12, S/M: 16?&24 008—1
I TAG

F70025
14, STAIMLESE STEEL TAGC.

o

o

939

Filter area (16 ft2),
flow rate (30 cfm), and
design air-to-cloth ratio (1.9:1)

M1

253.948

FINISH NOTES:

EI 13, INTERIOR PRODUCT CONTACT WELDS TO BE CONTINUOUS, GROUMND
SMOOTH TO ©G24 GRIT FINISH.

1 16, INTERIOR AND EXTERIOR STAINLESS STEEL SURFACES TO BE

‘ FICKLED.

SPECIAL ASSEMELY AND TEST NOTES:
406.4 17, FILTER TO BE BUBBLE TESTED AT 1/2 PSl (0.034 BARG)

This print is certified to be dimensionally correct
to E 1/4 inch on all components, £ 1/2 on overall
i iens up to 120 inches and E 1 1/2 on all

(14)_STAINLESS STEEL TAG INFORMATION

sions greater than 120,
MAMUFACTURE: Mac Process, Inc.
FLANT BUILT: SABETHA, KS

:ﬁc;:xﬂuz, Inc.
Viichael L Herlgsaimn
YEAR BUILT: 2011

MODEL: 19RTCT STYLE Il FILTER THI‘? ummL |s THE FROPERTY OF MAC FROCESS
SERIAL WO 167824—009—1 {, REPRODUCED FLALISHED Gt
EQUIFMENT TAG NO. F7002
PURCHASE ORDER MO
DESIGN PRESSURE: +8.27 PSl {+0.57 BARG) v X
—17" Hg (~0.57 BARG) manI'OCBSS 19RTC 5T‘r|-'!::ﬂg FILTER
DESICN TEMPERATURE: 266°F (130°C) s chengk procass 0
EMPTY WEIGHT: 50 LS. Fracnas s BASF CORFORATION

i y B
LRAWN BT 0‘;,24 " Hﬁéc@'ﬁﬁf sp:an::n ,\EL YH A. OHJ

SGALE sEchial:  PHacTiow:  guEmall.  |MOH MO DA . REW,
1/8"=1" e B0 SR an 167824 CM105838 [ D

15 i’ WMTHOUT AUTHORIZATION AND
~ EHB.LL NOT !E USED I ANT WAY AGAINST OR DETRE
/726298 WENTAL TO MAG PRECESS INC. SABETHA, KANSAS
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MAC Process, Inc.
Cathode- 9 and Cathode -13
Dust Collector DF-8
Filter ID: F69040

Blower ID: 69050

ERM
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Filter area (671 ft2),
flow rate (1,300 cfm), and
design air-to-cloth ratio (1.9:1)

(=022

VEW A-A
FOOT Pal LAYOUT DETAIL

* [19.05MM) DIA.

[4) 3.4

HOLES EQUALLY SPACED AMD

STRADOLING = OM A 4 3/47
(120.65aM) B.C.

1 2 152.4

_/ll' D:\ i:lyll 50.8

LEVEL INDICATOR PORT FLAMGE DETAIL
(4¥ SCALE)
AMZEL 1004 FLANGE FATIERN

MATES 37

{2) 5/8° [15.875MM)
17 (25.4aMM) SLOTS

L i
g 1/2 £ 1 {"2
241.3 190
T L I
VIERATOR MOUNT DETAIL

MOLUNT FOR BH! 5/8 R BHZ VIBRATOR
(VBRATOR NOT PROVIDED)

@' STAIMLESS STEEL TAG INFO.

MANUFACTURE: MWac Frocess, Inc.

FLANT BUILT: S&BETHa, K3

YEAR BUILT: 201

MODEL: 2W2FE MACZFLO FILTER

SERIAL MO 1ETEZ4—003-2

EQUIPKMENT TAG MO.: FE2040

FURCHASE ORDER WO. 45577262498

LESIGN PRESSURE: 4+0.25 PSl (400007 H-’-\RE
—35" W.C. (—0.0B7 BAR)

DESIGN TEMPERATURE: 1BO°F (BZ"C)

EMPTY WEIGHT: 2260 LBS.

{ ) NOTES

k=

e la

10

1.
12

15

4.

i5

1E.

ALL DIMEMZICME ARE IN INCHES.

PRIMARY FILTER COMSTRUCTED OF 304 ETAINLESS STEEL AND
SAFETY FILTER COMSTRUCTED OF CAREOM STEEL.

FLTERS STRESSED FOR —35° WL, (—0.0B7RAR).

— PRIMARY FILTER WITH (8) QPE06 SPUNSORD POLYESTER W/
PTFE MEMBRAMNE (STAINLESS STEEL END CAPS AMD CAGE)
CARTRIDGES PROVIDIMG &71
AR TO WEDI& RATID OF 1.9:1 & 1300 CFW

— SAFETY FILTER WITH (2) PROTURA 254 CARTRIDGES
PROVIDING 208 20, FT. OF MEDIA WITH AN AIR TO MEDIA
RATIO OF 2.6:1 @ 1300 CPM.

1" (25.4MM] MPT CONNECTION FOR COMPRESSED AIR SUPPLY.
EII —100 FEl (5.5-648 BARG), CLEAM DAY AlR REGUIRED

1.4 SCF PER F =E.
NEMA 4 TIMER EMCLOZURE WITH 120 VAD SMART TIMER FOR
PRIMARY FILTER TO BE MOUMTEDR O =
PRE-WIRED AKD TESTED. THEW REMOVED FOR SHIPFING.

(MO REVERSE AlR PULSE CLEANING OW SAFETY FILTER)

NEMA 4 GOYEM SOLENDID EMCLOSUEE WNIH 120 VAC SOLENOIDS
MOUNTED ON PEIMARY FILTER HEADER AND PRE—PLUMEBED TO
COYEM DIAPHRAGMW VALVES WITH POLY—FLD TURING,

{2) 1/4" NPT DIFFEREMTIAL PRESSURE GAUGE PORTS OM
PRIMARY FILTER AMD (2]
PORTS ON SAFETY FILTER. PORTE MUST BE PLUGGED IF
DIFFEREMTIAL PRESSURE GAUGE 15 MOT LISED

1/47 (8,35MM] WHITE EPDM CLOSED CELL SPONGE GASKET
AMD (1) SPARE PROVIDED FOR FLANCE CONMECTIONS

12" BUTTERFLY VALVE WITH 31655 DISC & STEM, WHITE
EPDM SEAT AND MAMUAL ACTUATOR.

CARTRIDGES SHIPPED IMSTALLED 1IN FILTERS

FELD ASSEMBELY REQUIRED.

APPRON. WEIGHT: 2260 LES. (FRIMARY FILTER)

FIMISH MOTES

17

18
149

20

SPEC|AL A%
22

INTERMAL FRODUCT CONTACT WELDE ON PRIMAEY FILTER TO
GROUMD SMOO0TH, TO CG24 GEIT FIMIZH.
CARBON STEEL SURFACES TO BE SAMDBLASTED TO SSPC—3P—-10
FAINT, [CARBON STEEL SURFACES OMLY)

— PRIMER: ZINC CLaD I (9683 & BGOD11)

— INTERMEDIATE COAT: MACROPOXY 646 (B5E-600 & BSEVEDD)
COROTHAME 1| {BES—200 & BEOVE)

[COLOR: RAL—5015 (SKY BLUEY)

INTESNAL akh ExTERKAL STAINLESS STEEL SURFACES To BE

COMTINUOUE,

— TOF COAT:

PICKLED.

EXTERMAL REINFORCEMENT RIES T BE SKIP WELDED TO HOUSINGE.
(CARBOM STEEL RIAS TO HAVE CLEAR SIUCOME CAULKING
SKIF WELDS AFTER PAINTIRG, STAINLESS STEEL RIBS TO HAVE

CLEAR SILCOME CAULKING BETWEEM SKIF WELDS AFTER FICKUMNG)

SEMELY aMD TEST MOTES:
FILTERS TO BE BUBHLE TESTED AT 1,4 FEI (0.7 BARG]

3470 L85, (TOTAL)

50N 167824—005-2 (FRIMARY FILTER)

167824—005—-2 gS.".FET'r' FILTER)
16TR2A—00B—2 (FAN)

TaG: FEI040 (PRIMARY FILTER)
Fead4s (SAFETY FILTER)
BLEOS0 (FAM)

STAMLESS STEEL TAG REQUIRED.
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500 FT. OF MEDIA WITH AMD

JPPORT STRUCTURE,

1/47 NPT DIFFEREMTIAL PRESSURE

LM107269

E10 LBE, ""'-'-FET‘F FILTERR)
GO0 RS, (PR WARY FILTEQ STRUCTURE)

BETWEEM

MANUFACTURE: MWac Frocess, Inc.

FLANT BUILT: SARBETHA&, K=

YEAR BUILT: 201

WODEL 2M2F2 MACZFLD FILTER

SERIAL MO TETEZ4—005-2

EQUIFKMENT TAG MO.: FS2045

PURCHASE CORDER WO ASS7726258

CESIGN PRESSURE: +0.25 PS| (+0.017 BAR)
—35% W.C. [—0.0B7 BAR)

DESIGN TEMPERATURE: 1BO™F (B2™C)

EMPTY WEIGHT: &10 L8z

This print is
dirmensicns up to
dirmensicns greater than 120,
Mac ]

‘«

certified te be dimensionally sorrect
to £ 1/4 inch an all components, E 1/2 on overall
120 inches and E °

Inec.

P
ade
L

d("i—" 5

ich

1/2 an all

L Herbgiabm

macpracess

Il pTICETT greuy

THS WATEHAL 15 THE PROSERTY OF WAC PAGCESS
IH'_ AMD n-n.l.u uc‘r ] mmmﬂ: o
AUTHOSIZATION ASD
EM.LM..‘T:EI..ﬂh M'| AT AGHMIT R DETsH-
WEWTAL To: WdE PROCESS Wi, BABETHA. Kandas

ZMZFE MACZFLO WTH
IMIFZ SAFETY FILTER
FOR BASF CORFORATION

(ELYRI4, OH)

P Bwio7z6a | D |

s e 7824
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/ (SEE DETAIL)
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New York Blower Company
Blower ID: 69050
REVISIONS
/ TR, [DESCRIFTION T
{i‘ C_[REVISED AS BUILT {11101 | wLH

/ 1140.066
/
I

VAN

2378.07

93 5/8

17 5/8

147575

{ JNOTES:
1

2.
3.

SwomNoyU

FINISH NOTES:
11
12.

SPECIAL ASSEMBLY AND TEST NOTES:
13,

14.

ALL DIMENSIOMS ARE IN INCHES.
NEW YORK BLOWER — 24085 PRESSURE BLOWER.
FAN SPECIFICATIO
— ROTATION /DISCHARGE: CW/UB
— CARBON STEEL FAM WHEEL
— ARRANGEMEMT #9 WITH MOTOR POSITION 'L
— MOTOR: BALDOR—15HP, 1800 RPM, 3-60—460V,
PREMIUM EFFICIENCY, SEVERE DUTY, IEEEB4,
254T, 115 SF
— 3222 RPM CONSTANT W—EELT DRIVE
— DRAIN WITH PLUG
— CUSTOM OUTLET SILEMCER WITH GALVANIZED
ARt =l my my N)
"ERFORMAMNCE DATA: 1300 CFM, 32.1 5P,
3222 RPM, 9.49 BHP, 140°F
CARBHON SIEEL COMS [HUCION,
BELT AND BEARIMNG/SHAFT GUARDS.
APPROX. WEIGHT: 319 LBES.
S/MN: 167824—008—1
TAG: BLE104G
STAINLESS STEEL TAG REQUIRED.

INTERICR WELDS TO BE CONTINUCUS.
FAM TO BE PAINTED WITH MEW YORK BLOWER
STANDARD PAINT,

GRADE GZ2.5 BALANCE REQUIREMENT.
FAM HAVE HYDROSTATIC, S0AF BUBBLE AND
AR PERFORMANCE TESTS.

[ ——STAINLESS STEEL
IDENTIFICATION TAG

[ omio7729 |

~ cawour DESCRIPTION SIZE
X6 INLET FAN & [ 203.2MM)
X7 QULET FAN &" (203.2MM)
X8 INLET SILEMCER & [203.2MM)
%3 QUTLET SILENCER 5" (203 300)

ERM

D-13
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MAC Process, Inc.

Cathode-11 and Cathode -12

Dust Collectors DF-10

Filter ID: F92010
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Az Gt

Filter area (1,342 ft2),

flow rate (2,350 cfm), and
design air-to-cloth ratio (1.75:1)

—{4) 374" (19.05MM) DIA.

/' HOLES EQUALLY SFACED &ND
ff STRADOLING > ON A 4 2/4°
{ [12065MM) B.C

O
moall

[T FLANGE DETAIL
l.",-d.E‘l

& FLANGE PATTERN

(2) 5/8" (15,8750}
/ A1 (28.4uM) SLOTS

i

2 /2
3 190.5

ERATOR MOUNT OETAIL

R BEHY 578 OR EH2 WVIBRATOR
ARATOR MOT PROVIDED)

@ STAIMLESS STEEL TAG INFO.

MANUFACTURE: Mac Process, Ine.

PLANT BUILT, SABETHA, K=

TEAR BUILT: 20m

MODEL: 4MEF16 MACZFLO FILTER

SERIAL NO.: 1EVEZ4—010—1

EQUIPKMENT TAG NO.: FI2010

PURCHASE ORDER MO, 4357728208

DESIGH FRESSURE: +L 2'} PSl (+0.017 BARG)
O (—0.087 BAR)

DESIGH TEMPER.ATLEE IE:I F le2 C)

EMPTY WEIGHT: 3160 LBS,

MANUFACTURE: Mae Process, Ine.

PLANT BUILT: SABETHA, KS

YEAR BUILT: 2011

WMOCEL: 2M2F4 WACZFLO FILTER

SERIAL WNO.: 1E7EZ4—012-1

EQUIFMENT TAG NO.: FIE020

PURCHASE ORDER MO 4357776298

DESIGH PRESSURE: +0 '.\ F" Sl (+0.017 BARS)
—35° (—0L087 BAR)

DESIEN TEMFERATURE: |3:| F I:HJ C)

EWFTY WEIGHT: 1Z10 L85

) 'u“TEi

.

12, FIELD ASSEMBLY REQUIRED,
15 APPROX. WEIGHT: 3150 LBS. (FRIMARY FILTER)
1210 LES. fsm—:nr FILTER]
OO LES, [PRIMART FILTER STRUCTURE)
4570 1B5. [TOTAL)
14 5/ 16TB24—010-1 [PRIMARY FILTER)
16/824—012—1 [SAFETY FILTER)
167B2A—015—1 (FAN)
15, TAG: F2000 [FRIMART FLTER)
F52020 (SAFETY FILTER)
BL92030 (FAM)
16. STAINLESS STEEL TAG REGUIRED.
FIMISHED WOTES:
17. INTERMAL FRODUGCT COMTACT WELDS ON PRIMARY FILTER TO
CORTMNUOUS, GROUND SMOOTH, TO CG24 GRIT FINISH.
18. CARBON STEEL SURFACES TO BE SA
19, PAINT: {CARBOM STEEL SURFACES OMLY)
— PRIMER: ZINC CLAD Il (B68VE & BSAD11)
— INTERMEDIATE COAT: MACROPOXY 645 (BS8-600 & BS8WE00)
- TOP COAT: CORGTHANE Il (BES—200 & BSOVZ)
COLOR: RAL—5015 (SKY BLUEJ)
20. INTERNAL AND EXTERMAL STAIMLESS STEEL SURFACES TO BE

fEE A

ALL DIMENSIONS ARE IN IMCHES.
PRIMARY FILTER CONSTRUCTED OF

ATFE MEMBRANE (STAIMLESS

AR TD MEDIA RATO OF 1.

PROVIDIMG 1016 50, FT. OF MEDIA
RATIC OF 2.31:1 & 2300 CFM.
17 {25.4MM) NPT CONNECTON FOR

BO—100 PE {5585 BARG), CLEAM DRY AR REQUIRED

A6 SCF PER PULSE.

MEMA 4 TIMER EMCLOSURE WITH 120 vAC
PRIMARY FILTER TO EE MOUNTED OM SUPPORT STRUCTURE,
PRE-WIRED AND TESTED. THEN REMOVED FOR SHIPPING,
{NO REVERSE AR PULSE CLEAMING OM SAFETY FILTER)
MEMA 4 COYEM SOLENCID EWCLOSURE WIH 120 vac SOLENOIDS
MOUMTED OM FRIMARY FILTER HEA
GOVEN DISPHRAGM VALVES WTH POLY—FLO TUBING.

1 1/4" MPT DIFFERENTIAL PRESSURE GAUGE PORTS OM
144" MPT DIFFERENTIAL FRESSUSRE

BRIMARY FILTER AND (2)
PORTE OM SAFETY FILTER. PORTS
QIFFEREMTIAL PRESSURE GAUGE 15

147 (6, 35MM) WHITE EFDM CLOSED CELL SPONGE GASKET
AMND (1) SPARE PROVIDED FOR FLAKGE COMMECTIONS

12% BUTTERFLY WALVE WITH 31&53

EFDM SEAT AND MANUAL ACTUATOR.

CARTRIDGES ZHIPFED INSTALLED IM

PICKLED.

EXTERMAL REINFORCEMENT RIES TO BE SKIF WELDED TO HOUSINGS.
{CARBON STEEL RIBS TO HAVE CLEAR SILCOME CAULKING BETWEEM
STAINLESS STEEL RIES TO HAVE
CLEAR SILICOME CAULKING BETWEEM SKIF WELDS AFTER PICKLMG)

SKIP WELDS AFTER TO PAINTIMG,

SPECIAL ASSEMELY AND TEET MO

2

FILTERS T3 BE BUBESELE TE"'TE'.' AT 1/4 PSI (0.017 BARG)

SAFETY FILTER COMSTRUCTED OF CAREON STEEL.
FILTERS STRESSED FOR 35 W.C. (0.0B7EAR),
— PRIMARY FILTER WITH (18] QPS0E funaow FOLYESTER W/
STEEL EWD CAPS AMD CAGE)
CARTRIDGES PROVIDING 1342 S0, FT, OF MEDIA WITH AND

-1 @ 2350 CPM.
— SAFETY FILTER WTH (4) PROTURA 254 CARTRIDGES

204 ZTAINLESS STEEL AND

WTH AN AR TO MEDIA
COMPRESSED AR SUPPLY.

SMART TIMER FOR

JER AND PRE—FLUMEBED TO

MUST BE FLUGGED IF
MOT USED.

DM107270

DISC & STEM, WHITE

FILTERS.

HDBELASTED TO SSPC-2P-10.

This print is
dirmenszicns
dirnensians
Mac i..)[“t-“.n, ru

up te
greater than 120,

L

ichae
W

certified e be dimensionally correct
to E 1/4 inch on all components, E 1/2 on overal
120 inches and E 1

1/2 en al

Herbgian

macprocess

IR PTICEST ey

THIS WATEHAL 15 THE PROSERTY (F AT PADCERS
T, AMD SHOULD SOT B REPRODUCED,FUBLIGHED ORf
DS0LCSED TO DTHERS WITHOLT SUTHOTIZATION AN
sHal mOT SE USEC Iv &MY iy acAlMST on (ETab
MENTAL TO WAL PEOCESS

e, SAHTHA Kinsds
AMZF1E MACZFLO WITH
IMEF4 SAFETY FILTER
FOR BASF CORPORATION

EER

TATE =
MLH B30 BRI R

1/20"=1"

L B feRdl
Ak

(ELYRIA, OH)

[z KO
167824

B TE
DM107270 | E
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Vac-U-Max
Cathode-13
Dust Collectors DF-11
Filter ID: F67350

Blower ID: 67355

WAC-1)-MMIAa X

68 William Straet, Belleville, NJ 07100 (973) 760-4600 Fax (973) 759-G448 E-Mall: info@vac umax cory

VAC-U-MAX QUALITY ASSURANCE INSPECTION CHECK LIST

CENTRAL VACUUM SYSTEMS
VAC-U-MAX Job #: 4240923
Customer: BASF Corporation
Destination: Elyria, Ohio

Purchase Order / Contract #: 4900110205

Equipment: FSU 30 BIBO, VPU 5.0Hp
VAC.U-MAX Catalog #s: ZT1655/02A, T1655/01
BASF System Part #: Filter Sagger Cleaning F67350

Assembled By:

Engineering:

Inspected By:

above i_‘eferenogd eqlipmeant has passed VAC-U-MAX, and Worlay Parsons quality assurance and
Inspection and is approved for shipment. All pages of this report have been reviewed and

accepted,

VAC-U-MAX

Thomas Schneider:

Date:

(VAC-U-MAX SYSTEM “A”)
Sub Assembly Part #s: BL67365, D67351, F67353

Alan Zecca, Sr., Rubin Quijano: Mechanical
Ed Orlando, Mike Diaz: Electrical

Jonathan Saenz: Mechanical
Will Reigert: Electrical

Thomas Schneider, VAC-U-MAX
Otis Wilson, WORLEY PARSONS

{ -, WORLEY PARSONS o
' Kmqf@&g{uﬁa otis wison: (s Wkl § .
. o \""-\‘

HWif/zeiz. Date: _18-Jan-2012

ERM
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FISEd AU N

INSPECTION CHECKLIST
GENERAL THE SYSTEM FUNCTIONS AS SPEGIFIED: ) ]
FUNCTION EON/OFF CIRCUITS 5 VACUUM RELIEF VALVES
{check as appropriats) | ESOLENOIDS CJWARNING DEVICES AND INDICATORS
i [EPLC PROGRAMS AND TIMERS (audible alarms, stack or strobe lights, etc)
< accepteD EFILTER CLEANING ] OTHER:
HDISCHARGE VALVES
HLEVEL PROBES
O resecten | EDIAGNOSTIC INDICATORS
(vacuum gauges, deita-P gauges, etc.)
 CONSTRUCTION B N
MATERIAL: (<] CARBON/STAINLES 304 AND 316
ACCEPTED
FINISH: Bd WHITE POWDER COAT/BEAD BLAST
[ ] rREJECTED
WELDS <] GENERAL PURPOSE CONSTRUCTION
RECEIVER /
FILTER TYPE: FREE STANDING BIBO
SEPARATORS
RECEIVER SIZE: [£] 30" DIAMETER CONCENTRIC CONE
(<] accepTED
INLET SIZE / TYPE: B 25" ANSI#150
(] REJECTED
OUTLET SIZE / TYPE: B4 2.5 TuBE
DISCHARGE VALVE: (< DOUBLE WAFER VALVE
COLLECTION CONTAINER: [X] CONTINUOUS BAGGING
FILTER TYPE: ] CARTRIDGE
| FILTER MEDIA: POLYESTER WITH EPTFE MEMBRANE
FILTER CLEANING: Bd CONTINUOQUS PULSE
POWER
PACKAGE TYPE: (] ROTARY LOBE POSITIVE DISPLACEMENT PUMP
[X] ACCEPTED  BLOWER MODEL: (Xl ROOTS URAI 23
[] REJECTED MOTOR: (<] IEEEB41 RATED TEFC
MOTOR MFG'R: B RELIANCE/BALDOR ELECTRIC
HORSEPOWER: (4 5.0 HP 230/460 VOLTS
VACUUM RELIEF VALVE: [ BREAKS AT 12~ Hg
INLET SIZE | TYPE: B 25" TUBE
SECONDARY FILTER: B HEPA CARTRIDGE
SOUND ENCLOSURE: & ves
EXHAUST SILENCER: [¥] DUAL EXHAUST SILENCER
ERM D-16 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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Company : ROOTS Division
Address: 16240 Port Northwest Drive, Houston, Texas 77041
Ph: 832-590-2305/1-877-303-78&8 Fax: B32-590-2326

ROOTS BLOWER PERFORMANCE REPORT - Program Version 6.13 Releasa Date 2/10/2010
Frogram Mode: SELECTION Run Date: 11/28/2011

AMBIENT CONDITIONS:

Gas AIR

Relative Humidity 6%

Molecular Weight 28.863

k-Value 1.396

Specific Gravity .899&

Ambient Temperature €8 deg F
Ambient Prassure 14.33 PSIA
Elavation 700 faat

STANDARD CONDITIONS :

Prassure 14.7 PEIA
Temperature L1: deg F
Relative Humidity 36 %

SELECTED UNIT DETAIL: Modael 33 URAI
Design Das/Max

Speed, RPFM 2492 69.2%
System Inlet Volume, ICFM 128

Actual Blower Inlet Volume, ICFM 128 +/-5 &
Standard Voluma, SCFM 1pa
Mage/Weight Flow, #/min B.07 +/=5 %
System Inlet Temperature, deg F 68.0

System Inlet Prassure, in Hg Vac 4.000

Inlet Pressure Loss, PBSI 0. 000

Blower Inlet Pressure, in Hg Vac 4.000

Blower Discharge Fressure, PSIA 14.330
Discharge Press. Loss, PSIT 0.000

System Discharge Prassure, PSIA 14.330

Blowar Diff. Press., PSI 1.956 16, 3%
Powar, BHFP 1.57 +/ =%
Temparature Rise, deg F 28.9 12. 9%
Discharge Temperature, deg F S o

System Discharge Voluma, ACEM 116

Tliil Yalve Swiiing, in ng vac 12.0 77.4%
Fower @ RV Setting, BHP 4.19

Temp. Rise @ Relief Setting, deg F 140.7 62.5%
Disch. Temp @ Relief Setting, deg F 208.7

V-Balt: Est. Bl0 Brg Lifa, hours >99999999
Coupling: Est. Bl0 Brg Life, hours >89999999

Est. Free Field Noise, dBa 77.7

Measured as sound press. lavel per IS0 2151:2004E with +/-3 dBR tel.

D'17 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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Filter Sagger System F67350

VAC-U-MAX BASF QTY. | DESCRIPTION PRICE

PART NO. PART NO.

4012SEPTFE | |2 FLTR CRT 12DX26LG EPTFE | $495.00EA |

Mike Rectanus

From: Steve Wagoner <stevewagoner@vac-u-max.net>
Sent: Tuesday, April 08, 2014 10:16 AM

Te: Mike Rectanus

Ce: Tony Branco

Subject: WAC-U-MAX filter area

4/8/14

Hi Mike,

Per our conversation this morning, 1 am confirming the filter area of our filter #40125EPPFE  to be 47 5 sq ft.
The material 1z an expanded PTFE.

Dlease feel free to contact us at anytime if you have further questions.

Mechanical designer
VAC-U-MAX

This message is for the named person's use only.

It may contsin confidential, propristary or legslly privileged information. Mo confidentiality or privilege is waived or lost by any transmission errors. If you recaive
this massage in error, plassa immediataly delste it and all copias of it from your system, destroy any hard copies of it and nofify the sender. You must nat, directly
or indirectly, use, disclose, distribute. print. ar copy any part of this message if you are not the intended recipient. VACS-U-MAX and each of its subsidiaries each
reserve the right to intercept and maonitor all e-mail communications through ifs natworks if legally sliowed.

Message transmission is not guarantsed to be secure.

FILTER SEPARATOR RS WS
UNIT ASSY, SEE / ~(3)
DWG§ Z854819.002

2 Filters each 47.5 ft2

it semompea ot P 30 | HEPA
; ! FILTER
l/ i F67353
C— \&® )
C
=
DE735T—H f 1 !
L i W 1
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Netzsch

Cathode-10

Dust Collectors DF-9

Filter ID: F71030

Blower ID: 71050

ERM
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|FINAL-DRAW 1| .
it e B
(o]
@’x Neasuring npple Rl/4‘ 20120 m::c:ll:f :Q'l:r‘;:b
©
axX Ufting eye Clean olr flange,
li-ring cto
3% LiFting eye \ /.-g;’m o DN 230
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N U —FKIEEE
R LE i
ess 1
D ol T ! é
Inlet flonge, @ @)ﬂ '
Holes accordng
ANST 10° 150 Iks = : = T o
| {
@E ] +
M 2 o
— . —T U £
e cover >
with Alpaeua Ceranlc ‘ l I | l | I )
| | ] 1 1
@Proﬁcwbn welde \ \
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©@mmh’m g \\\ E
: @)
58X bag FRter 8
140X2500 TR : >
@gggf;cmzxminz' 52 filters II I I ’ I | Polyurethane
iy ol Uring t#3nn (@)
82X Fliter baskets a
e
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= ®16X rods ~—— ‘ ——S=4 s
< 100mn ring distance o -
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| /—gmmé" -
Oy Weg
g
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244000 with 008 Xghr*
®-un;u-u—w 2% PKL 170 ©
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T e
[Design pressurew. 17 Recy g ot
::‘ o S @ ”’? D-67{)56 Ludwigshafen ha Gl
Foros o D;‘:Em:g chacked
e W Ry 10 esconial requisfonts
fllltermterlal cemplete 14301, | Commisic ond rquect for charfe hfv been |
aings Inside sturred, :
;:zzlvs mumlvd.we ] o0 & BASF el nat affxt Ofners / C
stained and possiveted P2 s2fvics 10 by
BASF Corporatiory Elyria Battery Plant 1 CT:I‘:{I‘_ =
Project Nunbers USE-213286, Job Number 8239 8.240 Ecm . o =6l
3l (Srranet]
BASF Draing nusbers X0O0(-X00¢-X00¢ ® Dust dschorge flange =
Equipment Tag Nunber F 71030 ANST 10°, 350 e
Equipnent Descriptiors LNCHMO mill
Konstruiert von: Kom.Nr.: Dateiname Datum
Terlecki K. K-3183/ 11 | Mafblatt / Seite - 04.05.11
des PER-Geabhl Ene 1506
PEK|e ;':"_'2:&"_:*"““”“"'““‘“ R 2.5/TR/SG % 19.o§.“
I 5
Total Filter area (57 m2 or 614 ft2) > o 1260811
Tals “ N
E=—F4 cach filter 140 mm (D) x 2,500 mm (L) Elx|28.06.11
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Performance Curve
Date: 25-0ki-11 File: F11357-100 SBz2
Performance Cust. Mo.: 137964
Options: Customer; MNETZSCH-CONDUC MAHLTECHMIK
Rodenbacher Chassses 1
Product Line: Type HP Praessure Blower
Size: 32010
Capacity; Standard
CFM: 2213
5P 84,3
RPM: 3535
Temperature: 70 BHP: 492
Altitude: A Density: 0,075
Max Safe Speed: 3600
Tag: PID TAG NO BL71050 METZSCH-CONDUX MAT NO 737030 0530
140,000 160,000
12D.DDD [ f/ T 14G.DU'G
I 12ﬂ1mﬂ
100,000 - _
—_ o
o I
2 / + 100,008
= 80, @
5 80.000 _,-" ~J g
5 + 80,000 &
a 60,000 / \ E
% \ - 60,000g
g
? 40,000 &
\ 1 40,000
20,000 4 — \ 1 20,000
{0,000 - 0,000
] 2000 4000 6000 8000 10000
CFM
——sp ——System Curve O Pt{SP} ——bhp O Pt(bhp)
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Vac-U-Max
Cathode-15

Dust Collectors DF-13
Filter ID: F11910

Blower ID: 11930

VWAC-U-MAax

69 William Streat, Belleville, NJ 07109 (973) 769-4600 Fax (973) 759-6449 E-Mail: info@vac-u-max.com

VAC-U-MAX QUALITY ASSURANCE INSPECTION CHECK LIST

CENTRAL VACUUM SYSTEMS
VAC-U-MAX Job #: 4240923
Customer: BASF Corporation
Destination: Elyria, Ohio
Purchase Order/ Contract #: 4900110205
Equipment: FSU 30 BIBO, VPU 7 5Hp
VAC-U-MAX Catalog #s: Z71655/02B, 71655/04
BASF System Part #: Filtar Cantral Vacuim Linit E44040
(VAC-U-MAX SYSTEM “B”)

Sub Assembly Part #s: BL11930, D11910, F11920

Assembled By: Alan Zecca, Sr., Rubin Quijano: Mechanical
Ed Orlando, Mike Diaz: Electrical

Engineering: Jonathan Saenz: Mechanical
Will Reigert: Electrical

Inspected By: Thomas Schneider, VAC-U-MAX
Otis Wilson, WORLEY PARSONS

Above referenced equipment has passed VAC-U-MAX, and Worley Parsons quality assurance anc

inspection and is approved for shipment. All pages of this report have been reviewed and
accepied.

VAC-U-MAX e WORLEY PARSONS

a . 2
Thomas Schneider: / Otis Wilson: M
Date: l'l l’j‘ 2J12_ Date: 19-THw=-2p/2
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INSPECTION CHECKLIST
GENERAL THE SYSTEM FUNCTIONS AS SPECIFIED:
FUNCTION EOMNIOFF CIRCUITS = VACUUM RELIEF VALVES
fcheck as appropriate) FESOLENOIDS CJWARNING DEVICES AND INDICATORS
EPLC PROGRAMS AND TIMERS {audible alarms, stack or strobe lights, etc)
B4 ACCEPTED EFILTER CLEANING [0 OTHER:
EDISCHARGE VALVES
ELEVEL PROBES
[] resecren EDIAGNOSTIC INDICATORS
B {vacuum gauges, deita-P gauges, etc.)
CONSTRUGTION |
MATERIAL: (] CARBON/STAINLESS 304 AND 316 i
B4 accepTED
FINISH: WHITE POWDER COAT/BEAD BLAST
[Tl rEJECTED
WELDs B GENERAL PURPOSE CONSTRUCTION
RECEIVER f | - - E—
EILTER TYPE: ] FREE STANDING BIBO
SEPARATORS
RECEIVER SIZE: E£J 30" DIAMETER CONCENTRIC CONE
04 accepteD
INLET SIZE ! TYPE: B 2.5" ANSI #150
[ ] rReJECTED
OUTLET SIZE / TYPE: 2.58" TUBE
DISCHARGE VALVE: B DOUBLE WAFER VALVE
COLLECTION CONTAINER: [X] CONTINUOUS BAGGING
FILTER TYPE: El cCARTRIDGE
FILTER MEDIA: POLYESTER WITH EPTFE MEMBRANE
FILTER CLEANING: &<l CONTINUOUS PULSE
POWER B
PACKAGE TYPE: ] ROTARY LOBE POSITIVE DISPLACEMENT PUMP
<] AcCEPTED BLOWER MODEL: (] ROOTS URAI 45
] REJEGTED MOTOR: (<] IEEEB41 RATED TEFC
MOTOR MEG'R: B RELIANCE/BALDOR ELECTRIC
HORSEPOWER: (X1 7.6 HP 230/480 VOLTS
VACUUM RELIEF VALVE: [ BREAKS AT 12" Hg
INLET SIZE / TYPE: Bd 2.5 TuBE
[ SECONDARY FILTER: 5 HEPA CARTRIDGE
SOUND ENCLOSURE: Bl ves
EXHAUST SILENCER: B DUAL EXHAUST SILENGER
D-23 BASF - ELYRIA, OHIO/GMS0221398-9 APRIL 2014
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Company : ROOTS Divigien
Addrass: 16240 Port Northwest Drive, Houston, Taexas 77041
Ph: 832-590-2305/1-877-393-T668 Fax: 832-590-2326

ROOTS BLOWER PERFORMANCE REFORT - Frogram Version 6.13 Release Date 2/10/2010
Program Mode: SELECTION Run Date: 11/28/2011

AMBIENT CONDITIONS:

Gas AIR

Relative Humidity 36%

Molecular Weight 28.863

k-Value 1.396

Specific Grawvity .996

Ambient Temperature 1] dag F
Ambient Pressure 14.33 PSIA

Elevation T00 feat

STANDARD CONDITIONS:

Pressure 14.7 PSIA
Temparaturas 68 deg F
Relative Humidity 36 %

SELECTED UNIT DETAIL: Model 45 URAI
Design  Daes/Max

Speed, RFM 2215 E1.5%
System Inlet Volume, ICFM 229

Actual Blower Inlet Volume, ICEM 229 +/-5 %
Standard Volume, SCFM 193
Mass/Weight Flow, #/min 14.44 +/-5 %
System Inlet Temperatura, deg F 68.0

System Inlet Pressure, in Hg Vae 4.000

Inlet Pressure Loss, PSI 0.000

Blower Inlet Pressure, in Hg Vac 4.000

Blower Discharge Pressure, PSIA 14.330
Discharge Press. Loss, PSI 0.000

System Discharge Pressure, PSIA 14.330

Blowar Diff. Press., PSI 1.956 19.6%
Powar, BHP 2.64 +/-%
Temparatures Rise, dag F 28.7 12.8%
Discharge Temperature, deg F 96.7

System Discharge Volume, ACFM 208

Relief Valve Setting, in Hg Vae 1z2.0 72.7%
Power @ RV Setting, BHP 7.21

Temp. Rise @ Relief Setting, deg F 138.7 61_6%
Disch. Temp B Relief Satting, deg F 206.7

V-Balt: Est. Bl0 Brg Life, hours >59999999
Coupling: Est. Bl0 Brg Life, hours >99999999

Est. Free Fiald Noise, dBa T7.9

Maasured as socund press. level per IS0 2151:2004E with +/-3 dBA tol.
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Filter Central Vacuum Unit F11910
VAC-U-MAX BASF PART | QTY. | DESCRIPTION PRICE
PART NO. NO.
40125EPTFE 2 FLTR CRT 12DX26LG EPTFE . $495.00 EA 1

Mike Rectanus

From: Steve Wagoner <stevewagoner@vac-u-max.nets
Sent: Tuesday, April 08, 2014 10:16 AM

To: Mike Rectanus

Ce: Tony Branco

Subject: WVAC-U-MAX filter area

4/8/14

Hi Mike,

Per our conversation this morning, I am confirming the filter area of o ir filter #40125EPPFE to be 47.5 sg ft.
The material is an expanded PTFE.
Dlease feel free to contact us at anytime if vou have further questions.

Mechanical designer
VAC-U-MAX

This messags is for the named person's use only.

It may contain confidential. propristary or legslly privileged information. Mo confidentizslity or privilege is waived or lost by any transmission errers. [f you recaive
this massage in error, please immediately dalate it and all copias of it from your system, destroy any hard copies of it and notify the sander. Y'ou must not, direct'y
or indirectly, use, disclosa. distribute. print. or copy any part of this message if you are not the intended recipient. VAC-IU-MAX and each of its subsidiaries each
reserve the right to intercept and maonitor all -mail communications through its netwarks if legally allowed.

Meszage transmission is not guarantsed to be secura.

FILTER SEPARATOR
UNIT ASSY, SEE
DWGH ZB54819.006

\
X

4 SR
2 Filters each 47.5 ft? |
)
B e
e M HEPA |
\ _ T FILTER ;
|| F11920
i =

D-25
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Identification and quantification of gases emitted during abuse tests by )

Check for

overcharge of a commercial Li-ion battery

Y. Fernandes™”, A. Bry®, S. de Persis""

2 CEA Le Ripault, BP 16, 37260 Monts, France
bICARE, CNRS, University of Orléans, 1C, Avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, France

HIGHLIGHTS

® The overcharge abuse test of a 35 cm® commercial LFP cell is studied.

® A new analytical setup and a specific procedure have been established.

® Some species are produced after the first deconfinement of the cell.

® HF has a specific behavior: its formation is decorrelated from the other species.

® The gases released by the cell are mainly composed of flammable volatile solvents.

ARTICLE INFO ABSTRACT

Keywords: As hazardous situations can occur during the life of a Li-ion battery, it is of great importance to understand its
Li-ion battery behavior under abusive conditions (mechanical, thermal or electrical). In particular, the study of overcharge,
Abuse test which consists of forcing a current through the cell, can be very helpful in improving battery safety. Very few
Overcharge studies in the literature have focused on the chemical reaction mechanism responsible for failure during over-
;/]ee llttrg(;;tznalyses charge. This is, however, of great interest because a Li-ion battery can produce reactions in a sealed container
Flammability and is thus a highly reactive system. Here, experimental approaches are employed to understand the reaction

mechanisms that occur during overcharge testing. Experiments consist of studying the overcharge kinetics of a
commercial battery at an initial state of charge of 100%. The battery is maintained in a known volume and
gaseous samples are withdrawn both at the end of the test and continuously during the test. The main gaseous
species are then identified and quantified by gas phase chromatography coupled with mass spectrometry and
FTIR spectroscopy. This experimental study is completed by a numerical investigation to determine the com-
bustion parameters of the exhaust gases using a detailed reaction mechanism associated with a numerical code.

overcharge, which consists of forcing a current through the cell, can be
very helpful in improving battery safety. In real life, overcharge can be
caused when the cell voltage is abnormally increased by the charge

1. Introduction

Many devices involve Li-ion Batteries (cell phones, laptops, electric

vehicles or airplanes) for their weight/power advantages. As hazardous
situations can occur during the life of the battery, it is of great im-
portance to understand its behavior under abusive conditions, whether
mechanical (cross/deformation/penetration), thermal (external
heating) or electrical (internal short circuit/external short circuit/
overcharge/overdischarge). The literature concerning abuse tests on Li-
ion batteries is extensive because these tests are aimed at improving
battery safety. Moreover, there are a large number of possible tests as
well as possible cell compositions and geometries.

In particular, the study of an abnormal electric situation such as

control system, by a defective charger or when the wrong charger is
used. The Li-ion battery can thus produce reactions in a sealed con-
tainer and can be considered as a highly reactive system. This is an
uncommon event, but when it occurs the consequences can be very
severe [1] such as toxic and/or corrosive damage to the device and to
persons, a risk of flammability or hot spot.

As Li-ion cells with carbonate-based electrolytes are widely mar-
keted, the physical hazards are relatively well known. The chemical and
health hazards are less well-known, however, and only a few studies
have aimed at establishing correlations between cell response during an

* Corresponding author. ICARE - Institut de Combustion Aérothermique Réactivité Environnement, UPR3021 CNRS-INSIS, Université d'Orléans — Collegium Sciences et Techniques,

1C, avenue de la Recherche Scientifique, CS 50060, 45071 Orleans Cedex 2, France.

E-mail addresses: yann.fernandes@cea.fr (Y. Fernandes), alain.bry@cea.fr (A. Bry), stephanie.de_persis@cnrs-orleans.fr (S. de Persis).
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LiPF,
(calculated);
1.77; 2%

Cathode & Al foil;
27.16; 36%

Anode & Cu foil;
20.8; 28%

Fig. 1. Cell composition (elements; mass in g; mass ratio in %w). The mass of the complete cell before disassembly is 75.41g.

abuse event and gas exhaust. The review of the available literature (see
next section) shows that, whereas the behavior of cells with carbonate-
based electrolytes is relatively well documented in the case of thermal
abuse, few studies deal with overcharge abuse tests. Hence there is a
need to gain more insight into the reaction mechanisms that occur
during overcharge abuse tests. Besides, from a flammability hazard
point of view, the gases released by the cell can be combustible, de-
pending on the environment. There are two main reasons for the
flammability/explosive hazard: i) the gas generation is large and
sudden (venting) [2]; ii) the gas and flammable electrolyte solvent
vapor released is a flammable or explosive mixture that can be easily
ignited [3,4]. This hazard has thus to be taken into account. Conse-
quently, there is a need to investigate the chemical reaction mechanism
responsible for cell opening during overcharge. This is the aim of the
present study.

In this paper, the overcharge abuse test of a 35cm® commercial
Li,FePO4 LFP cell was studied. A new analytical setup and a specific
procedure were established, making this study original and innovative.
Gachot et al.(2014) [5] demonstrated that it is possible to identify
gaseous released by a Li-ion battery by coupling Gas chromatography
(GC) with Fourier Transform InfraRed (FTIR) and/or Mass Spectro-
metry (MS). In the present paper, not only the identification but also the
quantification of each species was performed using GC/MS and FTIR.
The battery was maintained in a closed chamber and the gaseous
sample was withdrawn not only at the end of the test as is usually done,
but also continuously during the test, enabling the main gaseous species
to be continuously identified and quantified by FTIR and GC/MS. This
study thus provides important new elements in the understanding of the
reaction mechanisms, which still remain unclear, that occur during an
overcharge abuse test. Finally, to complete the study from a flamm-
ability hazard point of view, the typical combustion parameters (fun-
damental flame velocities, adiabatic flame temperatures and heat re-
lease rates) of the exhaust gases were determined using a detailed
reaction mechanism associated with a numerical code.

107

2. Experimental
2.1. Cell characteristics

A commercial cell, based on an LFP cathode, was tested. It is a cy-
lindrical 26650 cell with an inner diameter of 26 mm and a length of
65 mm. The weight of the cell is 75g. According to the manufacturer's
data, its nominal capacity is 2.5Ah and its nominal voltage is 3.6V.
Current-limiting or temperature trip safety devices were not used in the
cell. In order to carry out quantitative analyses, it is important to know
the mass split of the cell components. As this information is kept con-
fidential by the manufacturers, we conducted this analysis ourselves in
collaboration with the LITEN laboratory of Grenoble. To characterize
the cell components, a cell was completely discharged with a 1C-rate
and then dismantled in a glove box providing an inert environment
(H,0 and O, < 10ppmv).

The cell components (the anode, the cathode, the current collector
foils, the separator and the housing material) were rinsed with acet-
onitrile and dried in a dessicator until stabilization of the weight. As
expected, the studied cell has a cathode that belongs to the family of
active material Li,FePO, (LFP) and the anode belongs to the carbon
family. Consequently, the comparison with literature results obtained
with such cathodes can be envisaged. These materials were identified,
after being rinsed with acetonitrile, by Scanning Electron Microscopy
(SEM) and X-Ray Diffraction (XRD).

The separator foil was examined in inert atmosphere with thermal
gravimetric analysis with a heat ramp of 10K.min~!. An endothermic
peak was observed at 150 °C corresponding to the fusion temperature of
polypropylene. The thickness of the separator was 20 um (measured
with a micrometer). A FTIR spectroscopy analysis confirmed the nature
of the separator.

A different methodology was used to quantify the volatile solvents,
as the time between removing the separator and its immersion caused
the evaporation of most of the solvents. Another cell was therefore
dismantled in a polyethylene glove bag, the bag was then hermetically
sealed and introduced in the glove box. The glove bag was connected to
an FTIR analyzer, which quantified the volatile solvents until their total
volatilization. The IR spectra (not shown here) were integrated and the
solvent mass ratios of the electrolyte were determined. It was observed
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Summary of the available literature concerning abuse tests coupled with gas analyses. For each reference,
the type of cathode, the solvent composition, the type of abuse, and the gases analyzed for carbon-based
anodes are mentioned. Studies considering the same abuse test or a similar type of cathode are highlighted

in red.
Reference Type of Solvents Abuse test Gas analysis
Cathode (Molar
proportions)
Kumai LCO PC:EMC:DEC :DM Overcharge C02-CO-CH4-C2H¢-C3Hs-C3He
(1999) [16] C
(5:2:1:1) Overdischarge
Ohsaki LCO EC:EMC Overcharge €Oz - CO - CH4 - CzH4 - C2He - H2
(2005) [17]
Kong LCO EC:DEC Overcharge CO2-CO - CH4 - C2Hz - C2H4 - C2H5F - C2He
(2005) [18] ) (1.8:1) - C3He - C3Hs
LFP
Doughty NCA EC:EMC + Thermal COz - CO - CH4 - CzH4 - CzHsF - CzHe -
(2005) [6] additves (ARCQ) C3He - C3Hs - C4 species - Hz
(1:2)
EC:PC:EMC +
additives
(3:4.5:2)
Abraham NCA EC:EMC Thermal CO2- CO - CH4 - C2H4 - C2H5sF - C2He - C3He
(2006) [7] (1:2) (ARC) - CsHs - Hz - solvent
Roth NCA EC:EMC Thermal CO2z - CO - CH4 - C2H4 - C2H5sF - Cz2He6 -
(2008) [8] (1:2) (ARC) C3He - C3Hg - C4 species - CsHiz - Hz
Li (2008) LCO-NMC EMC:EC:PC Overdischarge CO2- CO - CH4 - C3He
[22] (10:9:1)
Ribiére LMO EC:DEC:DMC Thermal CO2-CO - NO - SOz - HCI - HF - THC
[9]1(2011) (Tewarson
calorimeter)
Somandepa LCO N.D Thermal on CO2 - CO - CH4 - C2H4 - Cz2H¢ - C3He - C3Hs
lli et al. overcharged | -CsHs- C4sH1o-n CsH1o - C4Hg - CsHiz-n
(2014) [20] cells CsHi1z - CeHe - CeH14 - C7Hg - CsH1o - Hz
(Combustion
Chamber)
Gachot N.D N.D N.D CO2 - C2H¢ - C2HsF - C3HeO -C3Hs - C3H7F
(2014) [5] - C4Hg0z2 - C4H10- C4H10 - DEC
LCO-NMC DMC:EMC:EC Thermal COz- CO - CH4 - CzH4 - C2H6 - H2
Golubkov (6:2:1) (Heater
(2014) [10] NMC DMC:EMC:EC:PC reactor)
(7:1:1:1)
LFP DMC:EMC:EC:PC
(4:2:3:1)
Larsson LFP N.D Thermal HF
(2014) [11] (Fire test
chamber)
Spinner LCO DMC:EC:PC Thermal on CO2-CO - CH4-S02-NO
(2015) [21] overcharged
cells
(Fire test
chamber)
Fu (2015) NMC N.D Thermal COz2-CO
[12] (Cone
Calorimeter)
Yuan LFP EC:DEC:DMC Overcharge CO2- CO - CH4 - CzH4 - C2He
(2015) [19] (1.8:1:1.4)
Golubkov NCA EC:PC:DMC:EMC CO2- CO - CH4 - C2H4 - C2H6 - H2
(2015) [2] (4:2:3:1)
LCO DMC:EMC: Thermal on
EC:MPC overcharged
(11: 1:4:0.25) cells
(Heater
reactor)
Sun (2016) NCA N.D Thermal on €Oz - CO - COS - C3H40 - C3HzN2 - C3HsN
[13] LMO overcharged - C3HeO - C4H30- C4H11N - CsHs -
cells CsHoNO - CsHe - C10Hs -SO2 -HF - POx
LFP Thermal
LFP (Fire test
chamber)
Zheng NCA EC:DMC:EMC Overdischarge | CO - CH4 - C2Hz - C2H4 - C2He - C3Hs - Hz
(2016) [23]
Lammer NMC N.D Thermal CO2 - CO - CH4 - C2H2 - C2H4 - C2He - H2
(2017) [14] (Heator
reactor)
Larsson LCO N.D Thermal HF - POF3
(2017) [15] LFP (Fire test
NCA-LATP chamber)
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that the electrolyte is composed of LiPFg dissolved in dimethyl carbo-
nate (DMC), ethyl methyl carbonate (EMC), ethylene carbonate (EC)
and propylene carbonate (PC). The mole-ratios are 4:2.2:2.1:0.5. EC
and PC were quantified by GC whereas DMC and EMC were quantified
by FTIR. The concentration of the salt was assumed to be typical, i.e.
1 M in the solvent mixture. Fig. 1 shows the cell composition in terms of
mass ratios (in %). The mass of the complete cell before disassembly
was 75.41g.

2.2. Literature review

In order to compare our results to the available literature, two kinds
of studies could be selected: those dealing with similar cells even if the
abuse tests are different, and those dealing with similar abuse tests
(overcharge) even if the cell composition is different. We finally se-
lected only those that are coupled with gas analyses. Table 1 sum-
marizes this literature review. For each case, the type of cathode, the
solvent composition, the type of abuse, and the gases analyzed for
carbon-based anodes are given. As shown in Table 1, among the abuse
tests coupled with gas analyses, thermal tests are the best documented
[5-15] whereas only a few studies concern overcharge tests [16-19].
Some other studies concern thermal tests on overcharged cells
[2,13,20,21] or overdischarge [16,22,23].

Thermal tests are usually based on ARC (Accelerating Rate
Calorimetry) that allows the determination of gas evolution from cells
and electrolytes from room temperature up to high temperature (about
450 °C). The main vent gases often identified are CO,, CO, CH,4, and
CoHy [5-15] as shown in Table 1. HF is also often mentioned
[9,11,17,23]. Other subsequent products have also been detected such
as H, [6-8,10,20], which is rarely identified despite its risk because it
cannot be observed by FTIR. Our results can only be compared with
those studies that deal with similar cell compositions, whatever the type
of abuse test. This is the case of the studies carried out by Golubkov
etal. [2,10] and by Larsson et al. [11]. The former are well documented
while in the latter, only HF was identified. In Ref. [2], the authors
studied thermal tests with 100% SOC charged cells with a capacity of
1.1Ah. These 18650 commercial cells weighing 38.8g were made with
an LFP cathode and a 1M LiPFg electrolyte with DMC/EMC/EC/PC
(4:3:2:1). Before performing the thermal test at a rate of 2 °C.min ~ 1 the
cell was charged to 100% SOC. After thermal runaway, CO, and H,
were identified as well as CO, CH4, C,H,4 and C,Hg in smaller amounts.
HF was not measured. The first gas release was measured at 195 °C (first
venting event) and the second one at 404 °C (second venting event) for
three replicate measurements. The gas production, based on total
pressure measurement, was about 50 mmol (1.2L) and found to be in-
dependent of the external thermal rate from 1.5 to 3.5 °C.min "~ ’. In Ref.
[10], thermal tests were carried out with different states of charge
(115% and 130% SOC) on cells whose characteristics were similar to
the previous ones. The authors found that, after thermal runaway, the
main gas exhaust was composed of CO, and H,, with smaller amounts
of CO, CH,4, C,H,4 and CoHe. In this second case, the first gas release was
measured at 80 °C (first venting event) and the second one at 448 °C
(second venting event). The gas production based on total pressure
measurement was about 60 mmol (1.3L). The amount of gas exhausted
when thermal runaway occurred for LFP was found to be relatively
independent of the SOC from 0% to 130% SOC for an external thermal
rate of 4 °C.min~" and the chemical nature of the identified species did
not significantly change. Only the species proportions were modified
with SOC change.

To the best of our knowledge and as shown in Table 1, there are
only a few papers that deal with overcharge abuse tests. In 1999, Kumai
et al. [16] described the gas analysis of a slightly overcharged cell
(105% SOC) with a capacity of 1 Ah and no rupture of the casing. The
cell used was a commercial 18650 cell with a LiCoO, cathode and a 1 M
LiPFg electrolyte with a PC/EMC/DEC/DMC mixture. The main gases
observed without cell opening and at 25 °C were volatile solvents: DMC,
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EMC and the following gases: CO,, CH4, CoHg and C3Hg for a small
volume of 10.57 mL at room temperature. CO and H, could not be seen
with the analysis device used.

In 2005, Ohsaki et al. [17] described gas analyses of an overcharged
cell with a capacity of 0.65 Ah. The cell was a home-made prismatic cell
with a LiCoO, cathode and a 1 M LiPFq electrolyte with an EC/EMC
mixture. The main gases measured inside the cell were: CO,, H,, CO,
CH,4, CoH,4 and C,Hg for a total volume of 22 mL. This volume and the
chemical nature of the gaseous products did not change when the cell
was placed in a thermo-regulated bath between 60 and 95°C. The
surface temperature of the prismatic cell remained low because of the
shape of the cell or the thermo-regulated bath.

Kong et al. [18] described gas analyses of a 5V overcharged cell
with a capacity of 1Ah without cell opening. The cell was a homemade
18650 cell with an LFP cathode and a 1 M LiPFg electrolyte with EC/
DEC (1:1). Before overcharge tests, the authors conducted a normal
cycling protocol and analyzed gases at the end of this protocol at room
temperature. It was found that the nature of the gases did not change,
only their amounts. The main gases were: CO,, C,Hg, CoH,, CH4 and
C,oHsF. Solvents, CO and H, could not be seen with the device used. The
authors mentioned that similar gases were produced for two different
cathodes (LCO and LMO) tested. The generation of gaseous species
without cell opening thus seems to be independent of the cathode
composition.

More recently, in 2015, Yuan et al. [19] described the overcharge of
a 5.1V cell with a capacity of 2Ah with rupture of the casing. The cell
used for gas analysis was a homemade cell, and thermocouples were
inserted into the middle part of a wound jelly-roll to monitor their in-
ternal temperatures. The gas analysis was monitored at 170, 180 and
190% SOC (before rupture of the casing). The main gases were CO, and
CO; H; could not be identified using this device.

2.3. Overcharge tests

In the present study, overcharge tests were carried out in a building
with an explosion-proof room. As shown in Fig. 2, a specific setup was
designed to ensure that the system remained gas-tight while enabling
analysis of the vent gases. The abuse test consisted of charging the cell
beyond its limit. The test was monitored by a video camera (film shown
in supplementary file). The experimental conditions used in our study
are summarized in Table 2 (cell CW). For comparison, the experimental
conditions used by Refs. [16-19] are also given (note that these studies
were already described in the previous section).

Supplementary video related to this article can be found at http://
dx.doi.org/10.1016/j.jpowsour.2018.03.034.

In our case, the cell was maintained in a closed polypropylene test
enclosure with a volume of 3.66L equipped with gas-tight passageways.

Fig. 2. Picture of the experimental device.


http://dx.doi.org/10.1016/j.jpowsour.2018.03.034
http://dx.doi.org/10.1016/j.jpowsour.2018.03.034
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Comparison between experimental conditions of abuse overcharge tests available in the literature [16-19] and the present study.

Kumai et al., 1999 [16] Ohsaki et al., 2005 Kong et al., Yuan et al., 2015 [19] Present study
[171 2005 [18]
Cell mass (g) N.D N.D N.D N.D 75.4
Capacity (Ah) 1 0.65 LCO: 1.1 2.0 2.5
LMO: 0.7
LFP: 1
Overcharge rate 880 cycles at 0.2C 1C 0.2C 1C 2C
Rupture of casing No No No Yes Yes
Analysis time 1 point after 880 cycles 5 points at different 1 point at 3 points at different steps of the  Continuous + 1 point after rupture of casing
at +5% of nominal steps of the overcharge 5.0V overcharge before rupture of and stabilization of the thermo-electrical
capacity casing behavior of the cell
Maximum SOC (%) 105 N.D N.D 200 135
Maximal external 25 120 N.D 100 145
temperature (°C) (238 internal)
Gaseous volume at SATP  10.6 24 N.D N.D 1643.0

(mL)

One of the effects of the overcharge test on a cell is to increase its
temperature. This parameter is thus of great importance. To monitor
the external temperature of the cell, the external plastic casing was
removed and two K-type thermocouples secured at each electrode with
Kapton tape were positioned on the cell surface.

Two metallic tabs were welded on each pole of the cell in order to
ensure good electric contact during the overcharge abuse tests. Before
the test, the cell was fully charged, 100% SOC, until reaching the
nominal voltage (3.6V). Tests were conducted in ambient atmosphere
conditions, i.e. in ambient air (20-25 °C) and at atmospheric pressure.
The overcharge was applied during 2h with a voltage of 7.2V and a
current of 5A (corresponding to 2C-rate, meaning that in 30 min the
SOC was increased by a factor of 100%).

Cell voltage, current and temperature were measured during the test
period at a sample rate of 10 Hz with a data logger Yokogawa.

2.4. Description of the analytical tools

To analyze the exhaust gases, the cell was placed in an air-tight
chamber. All the species exhausted from the cell after rupture of the
casing were quantified using an innovative analytical procedure: sam-
pling inside the chamber was done not only at the end of the abuse test,
as is routinely the case, but also continuously during the overcharge
test. This new procedure is detailed below. In both cases, the analytical
tools used were based on FTIR spectroscopy and micro-gas phase
chromatography with a TCD (Thermal Conductivity Detector) coupled
with MS. Details are given in Table A in the supplementary file.

2.4.1. Analytical procedure performed at the end of the abuse test

As mentioned above, overcharge tests were carried out in a closed
propylene test chamber equipped with gas-tight passageways. Before
each test, the tightness was checked by injecting a known volume of air,
measured by volumetric counters. One of the gas-tight passageways was
connected to a 300 mL sample bottle equipped with pressure sensors
piloted by electro-pneumatic remotely actuatable valves. Another gas-
tight passageway was connected to a volatile organic compound
monitor with a MiniRAE3000 Photolonization Detector (PID) allowing
precise detection of the time at which the first rupture of the casing
took place. At the end of the test, 600 mL of gases were sampled from
the test chamber in two vacuum bottles thanks to the remotely actua-
table valves. The proportions of species in the bottles were assumed to
be the same as in the test chamber.

For the separation, identification and quantification of the gaseous
products withdrawn after the abuse test, the first bottle was analyzed
with a VARIAN CP-4900 Micro GC. Chromatographic separation was
done on two MS5A and one PLOTQ column. Helium was used as the
micro GC carrier gas for one MS5A and the PLOTQ column, while argon
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was used for the other MS5A.

Each column was equipped with a Thermal Conductivity Detector
(TCD) which was used to detect and quantify permanent species. The
micro-GC was calibrated for N,, CH, and H,.

The micro-GC quantification was realized by exploiting the linear
response of the TCD detector for every species on each column. To
complete the identification performed with the micro GC VARIAN,
other analyses were performed using a SRA INSTRUMENTS micro GC
connected to an AGILENT TECHNOLOGIES mass spectrometer. The
mass range was set at 5-140 amu (atomic mass unit) and data acqui-
sition was processed with SOPRANE and MSD COUPLAGE SRA Data
Analysis software. Compounds were identified and the corresponding
structural formulae assigned using the National Institutes of Standards
(NIST) library for mass spectra, enabling the majority of products to be
identified. H,, CH,4, CH30H, C,HsOH were identified using reference
chromatographic retention time and standard mass spectra obtained
after injection of the corresponding species. For the following species:
C,H,, C,HsF, CH;0CH;, CH;0CHO, CH3F, C,Hg, and CsHg, experi-
mental spectra were identified by comparison with those of the NIST
database. Finally, only PF; was identified by using the probability of the
NIST database (probability of 74%). The few remaining ones did not
have a strong enough signal to be identified.

The second bottle was used to quantify CO and CO,. For this pur-
pose, an FTIR Bruker Equinox 55 spectrometer was used. IR spectra
were recorded with a thermal detector DTGS (Deuterated TriGlycerine
Sulfate) in the 370-5000cm ! range with 1 cm~ ! resolution.
Quantification was estimated thanks to calibration carried out with a
standard reference gas cylinder of CO and CO, in the same pressure
conditions as in the abuse test analysis.

2.4.2. Analytical procedure performed during the abuse test

Complementary tests were conducted with continuous analysis
during the test to complete the analysis at the end of the test by adding
the quantification of the solvent vapors. In addition, continuous ana-
lysis makes it possible to record the concentration profile of the gas
exhausted from the cell during the test. The air-tight test chamber has a
volume of 10.4L and is open to the ambient air in the laboratory thanks
to an automatic one-way valve which allows laboratory air to enter the
chamber but prevents it escaping from the chamber. This air input
compensates the continuous air flow sucked in by the analyzers in order
to maintain atmospheric pressure inside the chamber.

A multi-gas analyzer Environment SA MIR 9000 was used. It is
equipped with an FTIR GASMET analyzer with a cell of 2 m optical path
length and a cryogenic N, cooled MCT (mercury cadmium telluride)
detector. To avoid condensation of less volatile compounds, the PTFE
tubing and the cell were heated respectively to 120 °C and 180 °C. The
sample was passed through heated filters to retain particles before



Y. Fernandes et al.

analysis. The spectral resolution was 8cm™?, the acquisition rate

0.17 Hz, and the spectral range 900-4200 cm ™ !. FTIR acquisition was
done continuously through the system. All the air flow sucked in from
the test chamber passes through the infrared cell.

The quantification is expressed by the software Calcmet from the
calibration curves of each species studied. These curves were realized
from FTIR spectra obtained at different concentrations present in the
database of the software. For the EMC electrolyte solvent, the calibra-
tion curve was realized experimentally from mixtures of small known
quantities of pure solvent and air zero.

In view of the large number of species emitted simultaneously, a
spectral optimization process was performed by the software Calcmet
from algorithms in order to obtain reliable results.

A 300 mL sample of chamber gas was collected at a precise point in
the test to compare the continuous FTIR analysis over a small period of
time with usual laboratory analyses and thus complete the analysis at
this point with species that cannot be observed by FTIR. The laboratory

Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 323

Journal of Power Sources 389 (2018) 106-119
analyses were GC and FTIR.

3. Results and discussion
3.1. Thermo-electric results of the overcharge test

The overcharge tests were repeated nine times: the electrical, me-
chanical and thermal behaviors of the cell were reproducible in seven
tests among the nine. During the seven reproducible overcharge tests,
venting and thermal runaway were observed without explosion. During
the other two, the cell surface temperature rose respectively to 300 °C
and 350 °C, possibly caused by a strong internal short circuit, leading to
an explosion that precluded gas analysis.

Fig. 3 shows a reproducible result from an overcharge test of the
cell, in which voltage (in V) and current (in A) (left-hand side) and
temperature (in °C) (right-hand side) are plotted as a function of time
(in s). Fig. 3a shows the thermo-electric behavior of the cell in the time
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Fig. 3. Typical evolution of voltage (in V) and current (in A) [left-hand side] as well as temperature (in °C) [right-hand side] as a function of time (in s): a) from 0 to
7000 s; b) from 0 to 1500 s; during an overcharge (2C) test of the cell together with c) pictures of the cell at various stages of the overcharge test: att = Os, att = 362s
after the 1st deconfinement (stage D), at t = 584s after the 2nd deconfinement (stage F) at the end of the test.
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range 0 to 7000s and Fig. 3b shows a zoom on the range 0 to 1500s. As

shown in Fig. 3b, there are 9 stages (A to I):

A) From 0 to 60s: The voltage rises from 3.4 to 4.8V at 1.4V min~ ! and
the external surface temperature is equal to room temperature
(25°0).

B) From 60 to 260s: The voltage increase (after 5V) is slower than in
step A (i.e. during the first minute). The external surface tempera-
ture increases at a rate of about 4 °C.min "',

C) From 260 to 362s: The voltage reaches a plateau at 5.5V at 280s.
The external surface temperature increases more rapidly at a rate of
about 7.5 °C.min ",

D) At 362s: The VOC monitor detects the presence of organic com-
pounds. Liquid and a slight amount of gas are observed to escape
from the casing near the negative electrode. The internal pressure of
the cell reaches the rupture point of the casing. The SOC is 120%.

E) From 362 to 584s: The voltage of the cell decreases slowly from
5.5V to 4.6V. The surface temperature of the cell increases again but
at a higher rate of about 10.6 °C.min ™.

F) At 584s: The metallic casing cracks all along the cell and a second

gas release is observed. The surface temperature of the cell reaches

110°C.

From 584 to 625s: After the second cell opening, smoke escapes

from this crack. Just after the beginning of the smoke, the voltage

increases rapidly and the surface temperature also increases at a rate
of about 22.4 °C.min ™.

H) From 625 to 1150s: At 625s, the current inside the cell terminates

(0A) and the voltage reaches the maximum value of the generator

(7.2V). At this time, the surface temperature is about 125 °C and the

state of charge is 135%. This is probably the onset of the melting of

the separator, closing the porosity around 155 °C which explains the
termination of the electric current. Then, the surface temperature
reaches a maximum value after the drop in the electric current

(144 °C on the negative side) and decreases slowly after.

From 1150 to 7200s: A small residual electric current is observed

with a temperature stabilized around 100 °C.

G

-

I

=

Fig. 3c shows pictures of the cell at various stages of the overcharge
test, highlighted in Fig. 3b: at t = Os, 362s after the 1st deconfinement,
584s after the 2nd deconfinment and at the end of the test.

3.2. Exhaust gas analysis

3.2.1. Identification and quantification performed at the end of the abuse
test

Vent gases were analyzed after the sampling at the end of the abuse
test. The results were obtained from three reproducible overcharge tests
on the basis of temperature and electric records. The gas emissions were
quantified at a Standard Ambient Temperature and Pressure (SATP
conditions, i.e. T = 298K and P = latm). The quantities and con-
centrations of each sampled gas were similar in the three tests with a
small standard deviation. Results are shown in Fig. 4 in terms of volume
expressed (in mL). The mean value of the total volume exhausted by the
cell at the end of the test (except solvent and HF vapor) was
645.8 = 37.1 mL. As shown in Fig. 4, altogether, 14 chemical species
were identified by p-GC analyses. Except for electrolyte solvents, the
identified gases represent 99.7% of the total sampled gas supplied by
the cell. Unidentified gas traces represent only 0.3%. The main species,
i.e. those with the highest concentrations, were: CO, which accounted
for about 47% of the sampled gas, H, and C,H, with respectively 23%
and 10%. CO represented 4.9% and C,HsF 4.6%. The O,/N, ratio
measured after the abuse test was the same as that of ambient air. The
cell did not exhaust either of these two gases in a measurable quantity.
To complete the quantification of these minor species with the solvent
vapors, special tests were conducted with in-situ continuous analyses in
order to avoid condensation problems.
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3.2.2. Identification and quantification performed during the abuse test

The results shown here were obtained using two reproducible abuse
tests performed with continuous chemical analyses. These tests showed
a typical thermoelectric behavior (similar to the result shown in Fig. 3)
and a similar timing of the cell damage of an overcharge abuse Li-ion
cell. As soon as the cell was no longer air-tight, the gas production was
monitored. The exhaust gas concentrations were measured in real time.
Fig. 5 gives the concentration evolution (in ppmv) with time (in s) of
DMC, EMC, C,H, (ethylene), CO, (carbon dioxide), CH4 (methane), CO
(carbon monoxide), CH3;0CH; (dimethyl ether), CH;OCHO (methyl
formate) and HF (hydrogen fluoride acid) as well as the temperature (in
°C). Fig. 5a and b show CO,, DMC, EMC and CyH, concentrations in
ppmv as a function of time (in s) as well as the evolution of tempera-
ture. Fig. 5¢ and d show CO, CH3;0CHj3, CH;0CHO, HF and CH,4 con-
centrations in ppmv as a function of time (in s). Concentrations, in
ppmv, are plotted versus time, from 0 to 22500s in Fig. 5a and c.
Concentrations, in ppmv, together with temperature (in °C) are plotted
versus time from 0 to 2400s in Fig. 5b and d.

From Fig. 5b and d, eleven steps can be distinguished in the off-gas
released by the cell. These steps can be correlated with the thermo-
electric results shown in Fig. 3b.

1) From 0 to 362s (corresponding to steps A to C in Fig. 3b): The cell
does not exhaust any gaseous species.

2) At 362s and as mentioned previously in section 3.1. (step D in
Fig. 3b), a small gaseous production is observed. This occurs at a
surface temperature of 53 °C and for a SOC of 120%. The detected
molecules are: DMC, EMC, CH,4, CO, CH;0CHO, CH30CH; and CO,.
Note that dihydrogen H, cannot be observed by FTIR.

3) From 362 to 584s (step E in Fig. 3b), the comparison between vo-
lume concentrations of the gaseous species gives the following order
of magnitude: DMC > CO, > CO > EMC > > CH,4

At low temperature, this first gas release represents about 0.7% of
the total gas exhaust.

4) At 584s (step F in Fig. 3b): A large crack in the cell metallic casing
is observed.

5) From 584 to 600s (step G in Fig. 3b), the gas release rate increases.
The concentrations of DMC, EMC, CO,, CO and CH, also increase.
The cell is cracked and the internal pressure equilibrates with at-
mospheric pressure.

6) At 600s (step G in Fig. 3b), the surface temperature of the cell
reaches 116 °C and the release of new chemical species such as
CH30CH3, CH30CHO and C,H, is observed.

7) From 600 to 840s (steps G and H in Fig. 3b), the surface tem-
perature of the cell reaches the maximum value of 144 °C but no
electric current remains inside the cell. The concentration of all the
species increases. At 840s, the comparison between volume con-
centrations of the gaseous species gives the following order of
magnitude: DMC > > CO, > C,H,, EMC > CO > CH30CHj3 >
CH5;0OCHO > CHy,,

8) From 840 to 900s (step H in Fig. 3b), the temperature decreases to
140 °C. The cell starts to cool. The maximum concentration peak of
the gaseous species CH;0CH3, CH;0CHO, CH,4, CO, CO, is reached
at 900s. A new chemical species, HF, is observed.

9) From 900 to 1500s (steps H and I in Fig. 3b), only DMC, EMC and
HF concentrations continue to increase. The temperature decreases
until 1500s, when the maximum DMC concentration is reached.

10) From 1500 to 2500s (step I in Fig. 3b), the temperature increases.
At 2500s, the maximum EMC concentration is reached and then
EMC concentration begins to decrease. HF is the only species whose
concentration increases.

11) After 2500s, the temperature begins to decrease slowly and then
reaches a plateau at about 95 °C. Here again, HF is the only species
whose concentration increases.
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Fig. 4. Chemical composition of the vent gases in terms of volume (in mL) measured at the end of the abuse test: a) major species: CO,, H,, C;H4 and CO and b) minor
species: C,HsF, CH;0CH3, CH;0CHO, CH,4, C,HsOH, CHsF, CoHg, PF3, C3Hg, CH30H, others.

The time-integration of the species concentrations was possible for
DMC, EMC, CO, C,H,, CH30CH3, CH4, CH30COH, and HF. For CO,,
however, integration was not very precise because this gas is an at-
mospheric component.

As mentioned previously, a 300 mL sample of the chamber gas was
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collected at 1104s in order to compare continuous FTIR analyses, over a
small period of time, with the usual GC and FTIR analyses. DMC, EMC
and HF were time-integrated. These results were added to the gas
analysis performed at the end of the test and are shown in Fig. 6 in
terms of mole fraction. The total volume of the measured vent gases in
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concentrations in the range 0 to 2500s.

STP conditions was 1643 mL. The HF results were considered to be the
minimum as its production appears to continue after the FTIR analysis
has stopped.

3.3. Overcharge tests: mass balance

Before and after each test, the cells were weighed. For the 7 re-
producible tests, the mean mass loss was 6.5 * 0.4g, i.e. about 9% of
the initial cell mass. Thanks to the analysis performed after the over-
charge and during the tests it is possible to calculate the mass loss with
the perfect gas law. The gas mass represents 0.85g without solvents and
HF contributions. It is about 13% of the mass loss of the cell. The vo-
latile solvent part of the total mass loss of the cell is 3.77g. This re-
presents about 58% of the mass loss of the cell and 43% of the mass loss
of the initial volatile solvent of the electrolyte. The rest of the volatile
solvent was decomposed into gases or was trapped in the cell by the
bobbin. At the end of the tests when solvents are not detected by the
continuous FTIR, there is a remaining brown liquid on the chamber
walls. The residual mass loss of 1.88g could be attributed to non-vo-
latile solvents pushed out of the cell, hydrolyzed LiPF salts, degrada-
tion solids [24] and HF generation. Note that it was not possible to
investigate the remaining liquid for the following reasons: i) the liquid
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is projected on the reactor walls during the test, making it very difficult
to collect; ii) despite the tests carried out, we were unable to establish a
reproducible procedure.

3.4. Discussion

As described previously in Fig. 6, there are 3 important steps for the
gas released during the overcharge test.

The first one occurs with a small off-gas release by the cell with the
following gaseous composition: DMC, EMC, CHy, CO and CO, (see
stages 1-3 in Fig. 6b). At this point, the SOC is about 120%. This result
is in good agreement with the studies [16-18] described previously,
except for C3Hg and C,Hg that were identified respectively by Refs. [16]
and [18] and that we did not identify or quantify in similar amounts.
This difference could be attributed to the solvent composition which is
different in our case (see Table 2). The volume of the vent gases ob-
served by Ref. [17] is very similar to the one measured in the present
work for low surface temperature (~100 °C). An electrochemical origin
is probably the best explanation for this first small gas exhaust, since
the internal increase in temperature until the second step as well as the
voltage higher than 5V could contribute to electrolyzing the solvents
[25]. This first gas release is the smallest one and probably corresponds
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Fig. 6. Global chemical composition of the vent gases in terms of mole fractions in %. The total volume of the vent gases is 1643 mL in STP conditions.

to the filling of the internal volume of the cell, before reaching cell
rupture. This first gas release is anaerobic with increasing pressure in-
side the battery.

The second important step is when a large opening of the cell casing
is observed for a cell surface temperature above 110 °C and the termi-
nation of the electric current (step 4 to 7). The ionic current shifts to
zero very quickly at SOC 130% because it is the beginning of the
shutdown of the separator [26]. The cell then becomes capacitor-like.
New gases such as CH;0CH3, CH;0CHO and C,H, appear and a large
amount of gas is exhausted. The internal temperature rise above the
surface temperature of 144 °C is probably the reason for this second,
much larger, gas release. Our results are in good agreement with the
study by Somandepalli et al. [20] who identified similar gases: CO2, Ha,
CO, CHy4, CoHy, CoHg except C3Hg, for a total volume of 6L. Note that
the type of cathode was different from ours and the solvent proportions
were not determined. This second gas release occurs under atmospheric
pressure as the cell is open. Nevertheless, the gases are formed inside
the cell and are carried out of the cell through solvent evaporation. As
the gas composition is similar to that observed during the first gas re-
lease, one can conclude that the velocity of the gas release is such that
air cannot enter the battery, implying that the gases are, once again,
formed in anaerobic conditions.

-The third important step is when the cell starts to cool (i.e. steps 8
to 10 in Fig. 6b and d). The concentrations of CH;OCH3z, CH3;0CHO,
CH,4, CO and CO, decrease and HF vapors appear. At the end of this
step, only the HF concentration increases, whereas the concentration of
the other gases decreases. The HF formation mechanism appears to be
decoupled from the other reaction mechanisms as HF appears when all
the other gases start to decrease. At this point, off-gas is no longer re-
leased by the cell. The HF formation mechanism could be due to water
from chamber air, that can penetrate inside the cell and thus hydrolyze
the LiPF, salt dissolved in the remaining non-volatile solvents. The
comparison with a similar abuse test reported in the literature (see
Table 2) shows that, despite the different chemical composition of the
cells, the main species present in the off-gas release are similar. The
proportions, however, are different. Other differences concern the
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measured temperature. We obtained a similar order of magnitude of
external temperatures as [19] (about 100 °C) and [17] (about 120 °C).
Note that the internal temperature can be much higher than the ex-
ternal temperature in overcharge tests [19,27]. Nevertheless, external
temperature seems to be a key parameter that plays an important role in
the off-gas composition. The comparison with available data performed
with a similar type of cathode shows that the external temperatures
reached by our cell are lower than those observed in Ref. [2]. This is
probably due to the fact that in Ref. [2], the cell was thermally in-
sulated. Moreover, it is important to emphasize that the temperature
gradient is different in the two cases: in our case, i.e. in the case of an
overcharge abuse test, the temperature is higher inside the cell and in
the case of thermal abuse tests, the external temperature is higher than
the internal temperature. Moreover, in the case of overcharge, there is a
hot point inside the cell, whereas in the case of thermal abuse tests, the
cell is heated uniformly. This difference in the temperature gradient
could also explain the amounts of gases. The gradient is much higher in
our case than in Ref. [2], although the cells have a comparable mass.
Finally, it is important to note that the main species identified by Refs.
[19] and [2,10] in the case of thermal abuse on overcharged LFP cells
were identical to the species identified and quantified in the present
study.

In addition, the volume of exhaust gases differs between the various
studies. Kumai et al. [16] mentioned a volume of 10.57 mL whereas
Oshaki et al. [17] found a volume of 24 mL. These values are lower than
ours but in the tests performed by these authors, the cell did not reach
total deconfinment. On the whole, we found similar results to those
reported by overcharge test studies, even when different types of
cathode were used.

From these results, it was possible to outline new elements in the
reaction mechanisms: i) the origin of the larger off-gas release appears
to be thermal rather than electrochemical; ii) HF has a specific beha-
viour and its formation seems to be decorrelated from the other species.

In order to gain greater insight into the C-H-O reaction mechanisms,
we checked whether the detailed reaction mechanisms available in the
literature include the species that were identified and quantified in the
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Table 3

DMC sub-mechanism composed of 23 reactions as described in Sun et al. [28].
Molecules identified and quantified are written in bold and italic. Radicals are
underlined. Note that CH3;OCHO(methyl formate), CH,O(formaldehyde),
CH30C(=0)OCH(methyl oxoethanoate), CH30,H (methyl peroxide) and
H,0,(hydrogen peroxide) were not detected. This could be due to the very fast
reactivity of these species, their presence in very small amounts, or limitations
of the analytical device.

RI1: DMC = CH3;0CH; + CO,

R2: DMC = CH;0C(=0)0 + CHj

R3: DMC = CH;0CHO + CH,0

R4: DMC = CH;0C(=0)OCH + H,

R5: DMC = CH;0C(=0)CH, + H

R6: DMC = CH30CO + CHs0

R7: DMC + H = CH;0C(=0)CH, + Hj

R8: DMC + O = CH;0C(=0)CH, + OH

RO: DMC + 0, 2 CH;0C(=0)CH, + HO,

R10: DMC + OH 2 CH;0C(=0)CH, + H,0

R11: DMC + CH; = CH;0C(=0)CH, + CH,
R12: DMC + HO, = CH;0C(=0)CH, + H,0,
R13: DMC + CH30, 2 CH50C(=0)CH,+ CH;0,H
R14: DMC + CH30 2 CH;0C(=0)CH,+ CH;0H
R15: DMC + C,H; 2 CH;0C(=0)CH,+ CoH,
R16: DMC + C,Hs = CH;0C(=0)CH,+ CzHy
R17: DMC + HCO =2 CH;0C(=0)CH, + CH,0
R18: DMC + CH30CO = CH;0C(=0)CH, + CH30C(=0)H
R19: CH;0C(=0)CH, 2 CH;0CO + CH,O

R20: CH;0C(=0)0 2 CH30 + CO,

R21: CH;0CO 2 CH3 + CO,

R22: CH,0CO 2 CH30 + CO

R23: CH;0C(=0)CH, + CH3 — CH50C(=0)0 + C,Hs

present study or not. Among the reaction mechanisms reported in the
literature, only the pyrolysis/combustion of DMC was described. In
particular, the sub-mechanism of Sun et al. [28] describes the pyrolysis
of DMC; it includes 23 reactions, as listed in Table 3. It is important to
note that among the species listed in this sub-mechanism, nearly all the
molecules were identified and quantified. Radicals could not be de-
tected. O, and H,O are not present in the cell before its deconfinement.
This shows that the origin of the off-gas can be attributed mainly to this
volatile solvent. Nevertheless, some additional studies, dedicated in
particular to the thermal degradation of carbonate solvents, would be
required to assess the origin of the gases released by the cell.

4. Numerical combustion study of the vent gases

In the previous section, it was shown that the abuse by overcharge
of the Li-ion battery released electrolyte solvents (DMC and EMC) to-
gether with partially reacted gases such as CO and H,. In this section,
the thermochemical and combustion properties of the gases released by
the cell are studied in order to determine if they can ignite and burn or
not. For that purpose, a numerical study of the combustion of the vent
gases was carried out. The composition of the initial gas mixture was
determined from Fig. 6 considering only C-H-O species. As, to our
knowledge, there is no reaction mechanism including EMC in the ex-
isting literature, we assume that the solvent vapors in the vent gases are
only composed of DMC. The mixtures studied in this part are thus
composed of 64% of DMC, 19.8% of CO,, 9.8% of H,, 4.2% of C,H, and
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Table 5

Adiabatic flame temperatures for the reference case (DMC) and the vent gas
case in lean, stoichiometric and rich conditions. Initial temperature T, (K)
ranges from 300 to 600 K.

To (K) Taq (K) of vent gases T.q (K) of DMC

cI)DMC =0.5 ¢DMC =1 ¢DMC =2 cI)DMC =0.5 q)DMC =1 ¢DMC =2
300 1561 2176 1527 1599 2185 1518
400 1638 2227 1596 1668 2233 1596
500 1717 2276 1671 1742 2280 1676
600 1798 2323 1749 1820 2326 1757

2.2% of CO. In order to describe the combustion chemistry with a de-
tailed reaction mechanism, calculations were performed with the
Chemical Workbench Code [29] and CHEMKIN-II [30]. Among the
existing reaction mechanisms that are available in the literature to
describe the combustion of DMC, i.e. Glaude et al. [31], Hu et al. [32],
Sun et al. [28], we chose the latter as it was shown by the authors that it
is better at estimating parameters both in combustion (laminar pre-
mixed flame, ignition delays, opposed flow diffusion flame, laminar
flame speeds, ignition delay time) and pyrolysis (laminar flow reactors)
conditions. The Sun mechanism is composed of 257 species and 1563
reactions. It is associated with thermochemical properties and transport
properties.

As suggested in Ref. [33], in order to determine how energetically
the vent gases can burn, the following thermochemical and combustion
parameters were computed: i) adiabatic flame temperature, i.e. the
theoretical flame temperature reached by a mixture in adiabatic and
isobaric conditions; ii) laminar flame speed, i.e. the velocity of a steady
one-dimensional adiabatic free flame propagating in the doubly infinite
domain. It is a fundamental parameter of any combustible mixture that
depends on the stoichiometric ratio, pressure and temperature; iii) heat
release rates, that correspond to the rates at which heat is released by a
flame.

Results obtained with the vent gases were systematically compared
with those obtained in the case of pure DMC in order to establish
whether the amount of CO, is sufficient to prevent combustion of the
vent gases. For thermochemical and laminar flame speed calculations,
three mixtures were considered, corresponding to three different DMC
equivalence ratios, ¢pmvc. In the case of the combustion of DMC,
C3H603:

C3HeO3+ 30,—>3C0O, + 3H,0 (1)

The equivalence ratio, ¢ppmc is given by equation (1):

(vxos), o)

In reaction (1), the equivalence ratio ¢pnic is 1, which corresponds
to a stoichiometric combustion. When the fuel is the limiting reagent,
the combustion is lean (ppmc < 1) and when there is an excess of fuel,
the combustion is rich (¢ppmc > 1). Three equivalence ratios were se-
lected (as in Sun et al. [28]): dpmc = 0.5, 1 and 2, which are close to the
High and Low Flammability Limits of DMC (INIST). The corresponding

$omc =

Table 4
Composition of the initial mixture (reference case: DMC, in lean, stoichiometric and rich conditions and vent gases).
C3HgO3 [e2% N, CO, H, CoHy Cco
dpmc = 0.5 DMC 0.0338 0.2030 0.7632
Vent gases 0.0319 0.1996 0.7505 0.0099 0.0049 0.0021 0.0011
dpmc =1 DMC 0.0654 0.1963 0.7382
Vent gases 0.0608 0.1901 0.7148 0.0188 0.0093 0.0040 0.0021
dpmc = 2 DMC 0.1229 0.1843 0.6929
Vent gases 0.1111 0.1736 0.6528 0.0344 0.0170 0.0073 0.0039
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Fig. 7. Laminar flame velocities computed with CWB together with Sun me-
chanism for DMC/air flames (in red) and vent gases/air flames (in black) for a)
lean conditions (¢pyc = 0.5); b) stoichiometric conditions (¢ppmc = 1); and ¢)
rich conditions (¢ppmc = 2); as a function of initial temperature (from Ty = 300
to 600K) and for Py = latm (solid lines), 5 (dot-dashed lines) and 10atm
(dotted lines). The green line shows the lower limit of laminar flame velocity
(10 cm.s™ ). (For interpretation of the references to colour in this figure le-
gend, the reader is referred to the Web version of this article.)

values of the mole fractions of the mixture composed of DMC, O, and
N, are given in Table 4. For combustion of the vent gases, three cases
were also considered, lean, stoichiometric and rich conditions related to
DMC. The corresponding composition of the mixture is also given in

117

Testimony of John Hinckley, Q.E.P.
Exhibit STPB-JH-1

EFSB 21-02

Page 329

Journal of Power Sources 389 (2018) 106-119

Table 6
Conditions (in orange) for which laminar flame speed is greater than
10 cm/s in the simulations performed in this work.

DMC/Vent gases To (K)
Po (atm) domc 300|400 500|600

0.5

1 1

2

0.5

5 1

2
0.5 /I S.°>10cm.st

10 1
2 ‘ /I S°<10cm.s?

Table 4. In each case, the equivalence ratio of DMC is respected as well
as the composition of the vent gases.

Calculations of adiabatic flame temperatures and laminar flame
speeds were carried out for a temperature range of 300 to 600K and for
3 conditions of initial pressure: 1, 5 and 10 atm. This temperature range
corresponds to the supposed temperature range during the overcharge
test. The pressure range corresponds to a possible battery application
environment, as overpressure can occur when gas emissions take place
in a confined environment. Results for adiabatic flame temperatures
(Taq) are given in Table 5. In Table 5, initial pressure is not mentioned
because from 300 to 600K, pressure has no influence on the adiabatic
flame temperature since the dissociation of the gas phase does not
change. As expected, whatever the case, the adiabatic temperature in-
creases when the initial temperature increases. Whatever the initial
temperature, the adiabatic temperature reached in the case of pure
DMC is slightly higher than in the case of the vent gases. The adiabatic
temperature is obtained with no heat loss and is thus a theoretical
value. From this result, as mentioned in Harris et al. [33], it can be
deduced that the higher the adiabatic temperature, the faster the heat
release rate will be. Laminar flame speed is a fundamental combustion
parameter. If the laminar flame speed is too low, the flame will extin-
guish. The lowest limit is around 5-10 cm.s ™', Fig. 7 shows the laminar
flame speeds computed with CWB together with the Sun mechanism for
the previous conditions (T, = 300 to 600K, P, =1, 5 or 10 atm,
¢pmc = 0.5, 1 and 2.0). The case of vent gases/air flames is compared
with DMC/air flames. Fig. 7 shows that in lean conditions, whatever the
initial pressure, the laminar flame velocities of DMC/air flames are
greater than those of vent gases/air flames. The reverse is observed in
rich conditions. Similar laminar flame velocities are observed for stoi-
chiometric conditions. Table 6 summarizes the conditions for which the
laminar flame speed is greater than 10 cm.s™'. In stoichiometric con-
ditions, laminar flame velocities are greater than 10 cm.s ™~ ! in all cases.
In lean mixtures, the conditions for which laminar flame speeds are
greater than 10 cm.s ! are T, > 400K for Py = latm; Ty > 500K for
Py = 5atm and Ty > 550K for Py = 10atm, and in rich conditions:
Ty > 500K for Py = latm; T > 600K for P, = 5atm. Considering that
the release of the gas occurs under atmospheric pressure, this implies
that if a flame ignites, it can propagate.

Finally, the heat release rate (HRR) was computed. As argued by
Ref. [33], it is a useful parameter to assess whether a flame in one cell
will ignite a neighboring cell or not. As previously shown by these
authors, HRR in cal.cm ~2.s ™! was estimated in the case of the diffusion
flame stabilized by Glaude et al. [31]. A diffusion flame can simulate
the ejection of gases from a cell as the flammable mixture encounters
oxidizer (air). Calculations were carried out with the OPPDIF [34] code
from CHEMKIN-II [30] together with the reaction mechanism of Glaude
et al. [31] (for comparison with the results of Harris et al. [33]), in the
following conditions:
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Fig. 8. a) Heat release (in cal.em2.s71!) and b) Temperature (in K); profiles
across the counterflow diffusion DMC/air flame (black solid line) and vent
gases/air flame (red dashed line). Calculations performed in conditions de-
scribed in Ref. [31] with OPPDIF [34] from CHEMKIN-II [30] together with the
Glaude et al. mechanism [31]. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)

1 and inlet

- inlet velocity for both fuel and oxidizer of 10 cm.s™
temperature of 315K;

- inlet fuel mixture composed of 8% fuel and 92%N,;

- inlet oxidizer mixture composed of 39%0, and 61%Na;

- a distance of 2 cm from the inlets.
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In the calculations, the mixture-average option coupled with the
Soret effect were used and the energy equation was solved. Fig. 8 shows
the predicted heat release rate profiles together with the predicted
temperature profiles for the DMC and the vent gas flames. The HRR
calculated in the DMC flame and in the vent gas flame are similar (the
maximum HRR is about 17.5cal.s”'.cm™> in the DMC flame and
16.6 cal.s '.cm™> in the vent gas flame) whereas the temperature
profiles are different, slower in the case of the vent gases (the maximum
temperature is respectively about 1600K in the DMC flame and 1420K
in the vent gas flame). These results are in good agreement with the
previous study by Harris et al. [33] and show that HRR, as concluded by
these authors, is more useful for comparing the ability of a solvent to
ignite neighboring cells. The results presented here show that the gases
released during overcharge, despite the presence of carbon dioxide,
have the same HRR as a DMC flame. As mentioned by Harris et al. [33],
even if carbonate solvents such as DMC have lower HRR than analagous
hydrocarbons, heat release by a DMC flame can be sufficient to ignite
neighbouring cells. In our case, we showed that the amount of CO, in
the vent gases is thus not sufficient to prevent flammability and is
probably counterbalanced by the presence of flammable gases such as
H,. The vent gases are able to ignite and release heat that could ignite a
neighboring cell. As pointed out by Harris et al. [33], a fundamental
combustion study is required to study the flammability of the vent
gases. The present study is a numerical study and it would be necessary
to increase the experimental and numerical databases relative to the
electrolyte mixtures.

5. Conclusion

In the present study, overcharge tests on commercial Li-ion batteries
were performed. Among the nine overcharge tests, seven had a typical
thermoelectrical behavior, enabling the coupling with gas-phase ana-
lyses. A new and innovative setup was designed to analyse off-gas re-
lease by the cell during the test and at the end of the test. The gases
released by the cell during the overcharge tests were then identified and
quantified and the formation kinetics of the different species was de-
termined. The mass balance was established and the formation of gases
released by the cell during the overcharge test was elucidated. The
following conclusions, some of which have not been previously re-
ported in the literature, can be drawn from the observations in the
experimental and numerical studies presented in the present paper:

1. Some species are produced after the first deconfinment of the cell.

2. HF has a specific behavior and its formation seems to be dec-
orrelated from the other species.

3. The main gas release occurs when the current is zero.

. The gas phase released by the cell is mainly composed of flammable
volatile solvents, which are responsible for flammability hazards in
Li-ion batteries.

5. The similarity in the vent gas composition obtained either in over-
charge abuse tests or in thermal abuse tests on an overcharged cell
indicates that oxidoreduction reactions seem to be poorly re-
sponsible for the main off-gas release by the cell whereas tempera-
ture is the key parameter.

These findings are highly dependent, on the one hand, on the nature
of the cathode material family because it determines the thermal run-
away [2,10], and, on the other hand, on the electrolyte solvents because
they contain volatile solvents that are important in determining the
quantity, content and emissions of gases released by the cell. This study
showed that volatile solvents are very sensitive to thermal runaway and
are responsible for off-gas release. To prevent these problems, various
solutions could be considered during the cell manufacturing process:
either avoiding cell opening or limiting thermal runaway, or both. To
avoid cell opening, non-volatile solvents should be used or internal
pressure could be measured and a cut-off system provided to stop the
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current in the event of a drastic increase in internal pressure. To limit
thermal runaway, cooling of the cell should be performed.

The perspectives opened by this work concern both experimental
and numerical procedures. In particular, a new experimental setup
aimed at studying the thermal degradation of carbonate solvents, stu-
died for various durations and for different initial temperatures, cor-
related to kinetic simulations will be carried out in order to investigate
the reaction mechanisms.
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