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DRAFT

Proposed Approval Criteria for Zero-Emission Transport 
Refrigeration Units

I. Scope of Criteria 

These approval criteria are intended to apply to commercial-ready new-build zero-emission 
transport refrigeration units (ZE TRUs). For the purpose of a potential approval process, a 
commercial-ready ZE TRU may be defined as one that has demonstrated reliability and 
effectiveness in its intended application. Manufacturers may be asked to provide evidence 
of both commercial readiness and performance for the unit in the application.

These approval criteria are intended to apply only to TRUs with zero exhaust emissions 
including any criteria pollutants or greenhouse gases. ZE TRUs are not powered by a 
combustion engine. Electric power for compressors, fans, and controls may come from  
on-board batteries, provided they are not recharged by an alternator or generator that is 
driven by the vehicle engine or powertrain, trailer wheels, trailer axle/differential, or any 
other contrivance that adds to the vehicle engine load. Eligible zero-emission technology 
may include, but is not limited to, battery-electric, solar, cryogenic, cold plates or hydrogen 
fuel-cell technology. The operation of a ZE TRU on a diesel truck is permissible provided 
that the TRU itself is powered by a zero-emission energy source, independent of the diesel 
engine.

II. Proposed Approval Criteria 

This section describes the information that manufacturers of ZE TRUs may be expected to 
provide in an application for CARB approval. 

A. Basic Information 

i. ZE TRU model designation information as applicable: 
a. Model name/number.
b. Family designation and names/numbers of models or variants within family.

ii. Model year of initial product commercial introduction.
iii. Weight and dimensions:

a. Total weight (lb or kg)
b. Length (ft-in or m)
c. Width (ft-in or m)
d. Height (ft-in or m)
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iv. Description of necessary charging or fueling equipment and/or infrastructure needed 
to operate the ZE TRU, such as charger/plug type, supported wattage requirements, 
and applicable charging standards.

v. Technical description of the underlying zero-emission technology used for the 
operation of the ZE TRU. For example: battery-electric, cryogenics, cold plates, solar 
panels, etc.

vi. Detailed description of:
a. Manufacturer/assembler of battery systems, solar panels, cryogenic liquid 

(LN2, LCO2 etc.), or other zero-emission sources as applicable.
b. Battery chemistry (e.g., lithium nickel manganese cobalt oxide (NMC), lithium 

iron phosphate (LFP), lead acid, etc.) if applicable.
c. Refrigerant type, composition, and global warming potential (GWP).
d. Factory refrigerant charge amount (lb or kg).
e. Supported vehicle classes and/or trailers with the following cargo box 

information:
i. Box size (ft or m)
ii. Tare weight (lb or kg)
iii. Payload capacity (lb or kg)
iv. Volume capacity (ft3or m3)

f. Manufacturer's published net cooling capacity (BTU/hr.) at 35 °F, 0 °F, and  
-20 °F as applicable.

g. Any other components critical to the system including but not limited to power 
electronics or energy storage devices.

h. Expected longevity (in units of hours, energy throughput, or other appropriate 
metric) of the energy storage system as applicable, in the TRU’s intended 
application.

i. Estimated battery capacity at the end of its useful life as a percentage of its 
original capacity as applicable.

j. Indicate whether energy storage system(s) used can be replaced at the end of 
its useful life. Describe options for replacement, including cost as a percentage 
of total equipment cost. Include a description of potential upgradability or 
compatibility with future battery types.

k. For any refrigeration or power systems located outside the main TRU housing, 
provide details on their design, space requirements, and integration with the 
TRU system.

B. Commercial Operation/Demonstration Information 

The manufacturer must have at least one unit that has demonstrated the ability to perform 
as stated in the application, and it must be considered ready to be sold/leased and 
deployed for normal use by operators. The applicant must provide a description of how the 
ZE TRU has demonstrated its commercial readiness, including: 

i. A summary of demonstration project(s) planned, in progress, or completed. 
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ii. A written statement from a third party clearly identifying the demonstration 
vehicle/equipment using a unique identifier such as a vehicle identification number 
and the name and contact information of the third party.

iii. The first year that the ZE TRU model was offered for sale/lease.
iv. The number of units sold/leased worldwide.
v. Location(s) of the units sold (country or US state) at the time of application.

C. Operating Conditions and Limitations 

i. ZE TRU operating conditions and limitations as applicable: 
a. Temperature setpoint. Provide information for all zones if multi-zone is 

supported.
b. Temperature setpoint tolerance. Provide information for all zones if multi-zone 

is supported.
c. Load weight limitations and any potential load hazard considerations.
d. Load distribution/evenness requirement inside the container box.   
e. Ambient temperature limits.
f. Temperature stabilization time (pull down, rise time).
g. Any other applicable operating condition limitations.

ii. Describe potential failure modes of the TRU system that can cause excessive heating 
or cooling of the load and strategies for mitigation as applicable.  

iii. Describe any other potential failure modes and strategies for mitigation as 
applicable.

iv. Describe any performance gaps such as refrigeration instability during recharging of 
the TRU.

D. Information Available to Operator 

i. Visual documentation such as photos, screen captures, or drawings of any system 
information displays visible to the operator. 

ii. Indicate status information visible to the operator:
a. Battery state of charge or equivalent metric for other storage technologies.
b. Battery health or equivalent metric for other storage technologies.
c. Identify and provide information for any other available metrics.

iii. Describe the monitoring and diagnostic system, including:
a. All faults and conditions that will trigger an alert to the operator.
b. Data connector type/standard (e.g., Society of Automotive Engineers standard, 

wired/wireless, etc.).
c. Controller area network protocol (e.g., Society of Automotive Engineers 

Standard J1939).

E. Service/Repair Information 

i. Planned maintenance intervals. 
ii. Indicate which of the following service and repair options are available in California 

for this ZE TRU. Provide details (as applicable) for:
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a. Manufacturer service and repair facilities located in California.
b. Manufacturer-approved third-party repair facilities located in California.
c. Training available to TRU operators to enable them to perform their own 

service and repairs.
d. Factory-trained service and repair technicians able to travel to customer 

locations to address service and repair requests. Indicate expected response 
times.

iii. Describe any disposal, repowering, refurbishment, or recycling services or guidance 
provided for the battery or other energy storage system at the end of its useful life.

iv. Describe any remote monitoring/diagnostic capabilities, and whether they are 
standard or optional.

v. Describe the safety training provided to operators regarding refueling or recharging 
procedures if applicable.

F. Requirements to Provide Manuals 

i. The manufacturer must provide the TRU purchaser/lessee with owner’s and 
service/repair manuals. These manuals are to be provided to CARB at the time of 
application. If a complete manual is not available at the time of application, 
exceptions may be considered on a case-by-case basis, provided that: 

a. The complete manual will be available to the purchaser/lessee at the time of 
delivery of the ZE TRU. 

b. At the time of application, the applicant submits to CARB a near-complete 
manual, or a complete outline of the manual’s contents and baseline or sample 
content as available. 

c. The applicant agrees to provide a copy of the entire manual to CARB upon its 
completion. 

ii. The owner's manual must contain at least the following information: 
a. A brief description of the ZE TRU including major components and their 

principle of operation and proper operating procedures. 
b. Charging and/or fueling procedures and protocols, as applicable.
c. Maintenance best practices and a listing of necessary service and service 

intervals.
d. Information about how to obtain manufacturer-authorized service and repair 

including warranty repair. If a facility is provided by the manufacturer in addition 
to or in lieu of physical service locations, the manufacturer must provide a 
description of the services that are locally available and can be performed in 
the field along with generally expected response times.

e. All information necessary for the proper and safe operation of the ZE TRU, 
including information on the safe handling of the battery or fuel cell system, 
favorable and unfavorable operating conditions, and emergency procedures 
to follow in the event of leakage or other malfunctions that may affect the 
safety of the vehicle operator or emergency personnel.

f. The product warranty statement.
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g. If a manufacturer provides or offers remote/wireless diagnostic and repair 
services, the applicability and limitations of this service type must be clearly 
described.

iii. The service manual must contain at least the following information:
a. How to obtain triggered fault codes, and how to interpret them.
b. How to remove and install serviceable components.
c. Schematics of the electrical, mechanical, and thermal management systems.
d. Inspection and maintenance requirements, service intervals, procedures, and 

record-keeping requirements as applicable.
e. Safety considerations and precautions associated with included procedures.

G. Performance Testing 

The applicant must demonstrate TRU performance through physical testing of a production 
ZE TRU. 

The applicant must submit a test report containing: 
i. Details of the test methodology including specifications of the test TRU, quantitative 

data, plots, and graphs along with sufficient descriptions or indicate that a standard 
test was performed as described.

ii. Test results including incomplete and aborted tests with sufficient descriptions.
iii. For multiple models under the same family, describe how the TRU used for testing 

may differ from the range of other TRU models in the family, and explain how these 
differences might affect the test results.

iv. Safety of Energy Storage System:
a. Specify the safety standards that the batteries or other energy storage systems 

and associated components adhere to, such as ISO 12405-4.                    
v. Nameplate and Usable Energy Storage:  

a. Provide the total nameplate onboard battery or storage capacity, as 
applicable.

b. Provide the nameplate capacity of individual battery cells or storage tanks, as 
applicable.

vi. Provide the usable capacity as a percentage of the nameplate capacity of energy 
storage systems used in the TRU (total onboard capacity).

vii. Specify whether the usable limit can be modified by the operator, and, if so, whether 
it can be adjusted by the operator during TRU operation or only when the TRU is 
offline/not in operation.

viii. Estimated operation time per charge or fueling event over a standard duty cycle. The 
applicant must provide a brief narrative describing the duty cycle and operating 
condition assumptions that accompany this operating time estimate.

ix. Charge time between defined percentages of battery state of charge or equivalent 
metric for other technologies. Provide details on charger/plug type, ambient 
conditions, and any other assumptions made to calculate the charge time.

x. A detailed report outlining conformance to the Air-Conditioning, Heating, and 
Refrigeration Institute AHRI 1110 standard. The report must provide:
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a. AHRI Reference #
b. Brand Name
c. Series/Model
d. Refrigerant type and GWP
e. Drive Type
f. Energy efficiency: The ratio of cooling capacity to power input (watts per ton)
g. Cooling Capacity (High Temp), BTU/h
h. Cooling Capacity (Low Temp), BTU/h
i. Standby Cooling Capacity (High Temp), BTU/h
j. Standby Cooling Capacity (Low Temp), BTU/h
k. Compressor Speed (High Temp), rpm
l. Compressor Speed (Low Temp), rpm
m. Standby Compressor Speed (High Temp), rpm
n. Standby Compressor Speed (Low Temp), rpm
o. Temperature Uniformity Data (i.e. temperature gradient, temperature recovery 

time etc.)
If your product does not meet the eligibility criteria for the testing mechanism 
described above, or if you have conducted alternative testing, please submit a 
detailed report outlining the testing entity, scope, methodology, and results.

H. Durability Demonstration 

The applicant must demonstrate the durability of the ZE TRU through a field demonstration 
of 500 hours or an alternative method reviewed and approved by CARB staff. This 
demonstration must evaluate the system as a whole, not individual components.  

Testing standards such as International Organization for Standardization (ISO) 12405-4(7.10) 
may be utilized to evaluate cycle life for battery-based TRUs to satisfy part of the durability 
requirement upon review and approval by CARB staff. The demonstration may be 
conducted in a simulation environment, but the applicant must provide a justification 
explaining how the test environment adequately simulates real-world conditions.

To fulfil the requirements of the durability demonstration, the applicant must provide:
i. Data showing that the system is performing as expected and without unexpected 

events or conditions.
ii. Records of maintenance, service, and repairs performed during the demonstration 

period.
iii. Details of any unexpected events or problems that occurred during the 

demonstration period.
iv. Statement from a TRU operator or qualified third-party test observer confirming that 

the system performed as expected during the durability demonstration.

I. Warranty Requirements 

The minimum warranty coverage required to receive CARB approval is 3 years with all parts 
of the entire TRU and labor covered during the warranty period.  
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i. The applicant must provide period(s) of warranty coverage in number of years.
a. Overall warranty period (entire ZE TRU, all systems must be included).
b. Specific warranty periods for systems (e.g., compressor) if longer than overall 

warranty period.
c. For a new ZE TRU, the warranty coverage must apply to the entire TRU system 

for at least the minimum period.
ii. Battery warranty

a. If the zero-emission system utilizes a battery energy storage system, provide 
the warranty terms pertaining to battery health over the warranty coverage 
period. For example, specify the minimum usable battery capacity at the end 
of the warranty period as a percentage of the original usable capacity. 
Warranty terms must address the expected rate of battery capacity decline 
over the warranty coverage period, and clearly indicate any operating, 
handling, charging, or other conditions that would void the warranty.

iii. Warranty for other energy storage systems
a. If the zero-emission system utilizes any other energy storage technology, 

provide warranty terms pertaining to that specific technology. Also, clearly 
indicate any operating, handling, fueling, or other conditions that would void 
the warranty.

iv. Indicate agreement to report warranty claims to CARB.
v. Submit a copy of the warranty certificate that is provided to customers upon purchase 

of the product.
vi. Warranty reporting

a. For each approved model or family, the applicant must submit a warranty 
report to CARB annually by April 1 of each calendar year following approval. 
This reporting requirement is not limited to the minimum warranty period 
provided by the manufacturer and must be Compiled for the duration of the 
approval’s validity.

b. The warranty report must include the following information:
i. The manufacturer’s business name, number of California sales and 

leases for the given calendar year and the number of cumulative 
California sales and leases of the approved product. The TRU 
sales/leases to be reported either had to physically occur in the state of 
California, or the TRU sold/leased must be primarily intended for use in 
California.

ii. The California production volume for the current and prior calendar 
year, and the cumulative California production volume of the approved 
product (across all calendar years).

iii. A summary of California warranty claims for the approved product for 
existing TRU's in the current and prior calendar year. The summary must 
include:

1. A description of the nature of the claims and of the warranty 
replacements or repairs provided. The applicant must categorize
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warranty claims by the part(s) and component(s) replaced or 
repaired.

2. The number and percentage of the ZE TRU for which a need for a 
warranty replacement or repair was identified.

3. A short description of the part and/or component that was 
replaced or repaired under warranty and the cause for its failure.

4. For each part and/or component replaced or repaired under 
warranty, the number of annual and cumulative replacements or 
repairs of each part or component.

5. Name, physical business address, business e-mail address and 
business phone number of the end-user that filed the warranty 
claim and, if applicable, the company name. If personal, not 
business, information is given, the applicant must identify it as 
such.

6. The date each warranty claim was filed.
7. A list of denied warranty claims and justification for each claim.

vii. Extended Downtime Report
a. For failures of warranted parts during the warranty period that prevent the 

CARB-approved ZE TRU from operating as per the manufacturer’s 
specifications and that require the equipment to be out of service for more 
than 30 business days for repair (or multiple individual repairs that cumulate to 
30 business days) in any six-month period, the manufacturer must:

i. Notify CARB upon reaching the 30 business day threshold; Failure to 
submit a timely report may result in revocation of approval.

ii. Prepare and submit an Extended Downtime Report (EDR) to CARB 
within 30 business days following the completion of the repair.

viii. An EDR requires the following:
a. Name and contact information of purchaser.
b. Description of equipment.
c. An explanation of the cause of the failure(s).
d. An explanation of delay(s) in repair.
e. Method(s) of repair.
f. How much time was needed to complete the repair(s) (including the time for 

equipment tear down, part(s) allocation, repair, and reassembly).
g. Explanation of any necessary revisions to the manufacturer’s service and repair 

protocols (e.g., user training, part modification, etc.).
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