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1.0 Introduction
This MAP has been prepared to comply with the Toyota Motor North America R&D (TMNA) ROP 
No. MI-ROP-N2915, FG-CONTROLLED Special Condition III.1 and Rule 911. The purpose of this MAP is to define 
actions that will be taken at TMNA in the event of a malfunction of equipment, which could result in an 
exceedance of emission limitations.

Michigan Air Pollution Control Rule 911 specifies that, upon request of the MDEQ, a facility must prepare a MAP 
to prevent, detect, and correct malfunctions or equipment failures resulting in emissions exceeding any 
applicable emission limitation. Rule 911 states:

(1) Upon request of the department, a person responsible for the operation of a source of an air 
contaminant shall prepare a malfunction abatement plan to prevent, detect, and correct 
malfunctions or equipment failures resulting in emissions exceeding any applicable emission 
limitation.

(2) A malfunction abatement plan required by subrule (1) of this rule shall be in writing and shall, at a 
minimum, specify all of the following:
(a) A complete preventative maintenance program, including identification of the supervisory 

personnel responsible for overseeing the inspection, maintenance, and repair of air cleaning 
devices, a description of the items or conditions that shall be inspected, the frequency of the 
inspections or repairs, and an identification of the major replacement parts that shall be 
maintained in inventory for quick replacement.

(b) An identification of the source and air cleaning device operating variables that shall be 
monitored to detect a malfunction or failure, the normal operating range of these variables, 
and a description of the method of monitoring or surveillance procedures.

(c) A description of the corrective procedures or operational changes that shall be taken in the 
event of a malfunction or failure to achieve compliance with the applicable emission limits.

(3) Malfunction abatement plan required by subrule (1) of this rule shall be submitted to the 
department and shall be subject to review and approval by the department. If, in the opinion of 
the commission, the plan does not adequately carry out the objectives as set forth in subrules (1) 
and (2) of this rule, then the department may disapprove the plan, state its reasons for disapproval, 
and order the preparation of an amended plan within the time period specified in the order. If, 
within the time period specified in the order, an amended plan is submitted which, in the opinion 
of the department, fails to meet the objective, then the department, on its own initiative, may 
amend the plan to cause it to meet the objective.

(4) Within 180 days after the department approves a malfunction abatement plan, a person 
responsible for the preparation of a malfunction abatement plan shall implement the malfunction 
abatement plan required by subrule (1) of this rule.
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2.0 Defining Malfunctions
Rule 113(a) defines a malfunction as:

Malfunction means any sudden, infrequent and not reasonably preventable failure of a source, process, 
process equipment, or air pollution control equipment to operate in a normal or usual manner. Failures 
that are caused in part by poor maintenance or careless operation are not malfunctions.

A true malfunction must have a reasonable potential to cause an exceedance of an emission or operational limit. 
Following is a list of malfunction events covered by this Plan.

Failure of emission control system components (e.g., monitoring and data acquisition equipment.)
Sudden and unavoidable failure of control or process equipment, not due to poor operation or 
maintenance procedures. 

3.0 Emission Control Device
The CO emission control device consists of a Thermal Oxidizer (or TO). 

4.0 Source Description
FG-EG789 consists of three engine test cells in the Evaluation Building controlled by a shared TO to provide at 
least 90% control of CO emissions.

Table 1 – Source Description
Emission Source Control Equipment Emissions Controlled
EU-EG7, EU-EG8, and 
EU-EG9 TO CO

5.0 Responsible Personnel
The personnel responsible for elements of this MAP and a description of their respective responsibilities are 
summarized in Appendix 1. Appendix 1 will be updated as needed, and a copy of the updates will be maintained 
onsite. Changes to applicable personnel will be submitted to the MDEQ upon request. 

6.0 Preventative Maintenance Program, Operational 
Variables, and Corrective Procedures

Preventative maintenance will include equipment inspections, scheduled replacement of parts, and maintaining 
an inventory of critical spare parts. The facility will track and maintain records of each preventative maintenance 
action completed. Equipment inspections generally fall under two categories: 1) inspections which take place 
while the facility is operating and 2) less frequent inspections which take place while the facility is not operating. 
The frequency and scope of the TO inspections will depend on the manufacturer recommendations and 
operator experience. Excerpts from the O&M Manuals for the TO fans and pumps are included in Appendix 2.

Contracts will be issued to outside vendors to conduct maintenance, repairs, and calibration, if necessary.
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6.1 Items Inspected and Operational Variables
The facility is required to monitor and record the temperature in the TO on a continuous basis during operation 
of EU-EG7, EU-EG8, or EU-EG9. These temperature data recordings shall consist of measurements made at 
equally spaced intervals, not to exceed 15 minutes per interval. The data handling/monitoring system includes a 
new primary data recorder has been installed that communicates better with Toyota's software. A secondary 
(backup) data recorder was installed to ensure that data will be available if the primary recorder malfunctions in 
the future. The daily RTO check sheet was updated to include daily confirmation that the data recorders are 
satisfactorily monitored and recording data.

Table 2 provides general information regarding: 1) frequency of inspection and 2) normal operating ranges and 
monitoring of operational variables for the RTO.

Table 2 – Inspection Table and Operational Variables
Description of 
Observation

Method of 
Observation

Normal 
Operating Range Frequency of Observation Comments

TO 
Combustion 
Chamber 
Temperature

Thermocouple Greater than 
1,425°F

Continuous measurements of 
temperature are taken. Temperature 
is recorded at least once every 
15-minutes in an electronic data 
recording system. 

Data stored 
on network; 
in lieu of 
automated 
downloads, 
data will be 
manually 
download 
once per 
month

Data Handling 
System

Visual Not Applicable Daily observations to ensure that data 
is being recorded

Not 
applicable

If the temperature falls below the normal operating range the thermal oxidizer will alarm. The engines will 
automatically shut down if an RTO failure is detected and TMNA will initiate corrective action. If the weekly data 
handling/monitoring system check indicates issues with the monitoring system or data, Central Maintenance will 
be notified to correct the issue.

6.2 Corrective Action
If a malfunction occurs which causes, or may cause, excess emissions during plant operations, the equipment 
causing the potential excess emissions will be evaluated as soon as practicable, in accordance with safe 
operating procedures, to determine the proper procedure to correct the issue or to determine that the 
malfunction will not cause excess emissions. The Environmental Manager, or designated representative, in 
consultation with appropriate TMNA personnel will determine whether FG-EU789 can continue to operate 
consistent with good air pollution control practices to minimize emissions in compliance with permitted 
emission limits, until repairs can be made and/or before resuming normal operation.

The TO combustion chamber is equipped with a temperature thermocouple which continuously measures the 
temperature in the chamber. If the temperature in the chamber falls below 1,425°F, an alarm will sound and the 
test stands will automatically shut down. Corrective action will be initiated by TMNA, beginning with an 
evaluation of the occurrence to determine the action required to correct the situation.

In the event a malfunction is detected during a visual inspection, corrective action will be initiated, beginning 
with an evaluation of the occurrence to determine the action required to correct the situation. Corrective action 
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includes, but is not limited to: lubricating bearings, replacing or fixing the malfunctioning part, physical 
diagnostics by a trained technician, system bypass, and system shutdown. A TO Malfunction/Failure Report will 
be completed and submitted to the Environmental Manager.

In the event of a major malfunction, which could potentially damage the TO control system, the control system 
will be bypassed to ensure the operational reliability of the system. Such a bypass would only occur to the 
extent necessary to safely shut down FG-EU789. TMNA will keep a record of the frequency and duration of each 
bypass event.

See Appendix 3 for an example of the TMNA Thermal Oxidizer Malfunction/Failure Report.

6.3 Preventative Maintenance Records
The following records will be maintained for a period of five years:

Inspections of the TO. Inspection records will include the date, findings, and corrective actions taken or 
repairs made, if necessary.
All significant unscheduled maintenance activities performed on the TO. Records will include the date, 
findings, and corrective actions taken, or repairs made, if necessary.

6.4 Common Control System Malfunctions
Appendix 2 includes a list of trouble shooting areas for the hydraulic pumps. If a TO fault occurs the fault will be 
displayed on the screen. Table 3 identifies some common TO conditions, which were taken from the Ohio EPA 
Engineering Guide for thermal incineration.

Table 3 –Common TO Conditions/Corrective Actions
Failure Mechanism Symptoms Corrective Actions
Burner Fouling High CO

Insufficient combustion air 
Flame instability 
Flame out

Clean burner tips 
Prefilter ambient air 
Filter process stream 
Cease using process combustion air 
Improve fuel source

Preignition in heat 
exchanger

Decrease in carrier gas O2

Leakage from fume side to flue 
gas side (bypass) 
Unexplained increase in outlet HC 
concentration

Reduce preheat temperature
Retube heat exchanger

Thermal expansion 
(heat exchanger)

Tube failure
Inleakage and bypass to flue gas 
side

Retube
Conform to Manufacturer’s recommended 
preheat schedule
Limit maximum temperatures

Thermal expansion 
(oxidizer)

Refractory failure 
Shell failure due to heat stress

Repair refractory 
Limit maximum temperature and preheat 
rates
Limit thermal cycling

Inleakage (rich system) Decreased concentration of fume 
below UEL 
Potential for explosion

Periodic integrity check of transport system 
UEL monitors
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Table 3 –Common TO Conditions/Corrective Actions
Failure Mechanism Symptoms Corrective Actions
Inleakage (lean system) Decreased concentrations of 

fume below 25% of LEL
Reduced capture volume at 
source

Periodic integrity check of transport system 
LEL monitor

In leakage (heat 
exchanger)

Increased stack HC concentration 
Tube failure

Retube HEX 
Limit temperature 
Excursions

HEX fouling Decreased preheat temperature 
(i.e., delta T decreased)
Increased stack temperature

Prefilter carrier gases 
Reduce heat exchanger temperature 
Eliminate preheat heat exchangers
Clean heat exchangers

Refractory failure Cracks
Spalling
Crumbing

Reduce cycling 
Limit peak temperature 
Post shutdown purge to remove corrosive 
gases

Draft control Increased pressure drop 
Decreased capacity 
Decreased capture capacity

Reduce fouling 
Reduce combustion temperature 
Reduce transport air 
In leakage

Temperature control Irregular combustion 
Temperature

Feedback temperature control system
Dual temperature sensors

Slaging Deposits in oxidizer 
Refractory failure 
Increased draft losses

Prefilter carrier gases 
Prefilter ambient combustion air

Flame safety Flame out due to interlock 
protection
Irregular flame

Inspect and replace sensor
Relocate sensor’s Position

Self-fueling Increased temperature with no 
auxiliary fuel control

Vent to bypass 
Vent to flare

7.0 Major Parts Kept Onsite for Quick Replacement
See Appendix 4 for a list of electrical and mechanical spare parts kept onsite or can be ordered/received in a 
timely manner facilitating quick replacement.
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SUMMARY OF RTO MAINTAINENCE MANUALS
TOYOTA PTI-186-13D FG-EG789 III PROCESS/OPERATIONAL RESTRICTIONS
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