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1.0 Introduction
%—%: Hh
1.1 Purpose and Scope
¥11%: BENEEHE

Fundamental to any temperature-controlled process is the expectation that materials that are stored and shipped within a controlled
environment are maintained within a defined temperature range. Typically, this temperature range is within the recommended
product storage requirements derived from stability data. The temperature within a temperature-controlled vehicle;
temperature-controlled ocean container; active unit load device (ULD); or walk-in, temperature-controlled stores (e.g., a cold
room, refrigerator, freezer, or standalone unit) is expected to be maintained:

HTEA-MREERNIRRUREZNE R ERAE - NG OHEER S 2R, FREERHE -
REGEN., #8M, ZREEEATRAREEREFEENTLEFEE. #o, AREENERE. BERH T
HIEEMBRM. FRAAKEEEULD). KABREESAE@ o, AFEE. AR, KERETETHEFTEESFUT
ER:

. Reliably and consistently through the period in which the product is stored within the controlled environment (i.e., over
time)
EEANHE . MR A REREERE - RE A, 28 E)

. In compliance with the product requirements for temperature at all locations in which the product might be stored (i.e.,

temperature and location or storage boundary)
PR 72 i VT G i B R AR A A B IR R R (B A, BE S BR AR, )

The qualification process proves that the transportation system can consistently meet product temperature requirements. Strategies
for conducting qualification studies should be based on the product’s temperature and stability requirements as well as the
transportation and storage process for that product.

AR R R T A R BT TR AATROAS R RN AT R RE R REEER UK E A
.

Qualification is part of a validation program with a validation master plan (VMP) for the transportation system in question that
defines the design qualification (DQ), installation qualification (IQ), operational qualification (OQ) and performance qualification
(PQ) requirements. The VMP is discussed in more detail in Section 4.0.

ByA S P # FEAE R GBI BT R (VMP) B B iR /2 5 8 — A6 4, AL Bk B A(DQ) . ZEHAIQ). EATHIA
(0Q). L KM & IAPQE K. Wil ¥ it H|(VMP)E £ 4.0 24T ¥ 43134,

This guidance discusses the process of qualifying actively controlled spaces that are designed to maintain a stable and uniform
temperature around the cargo for the duration of transportation or storage at any temperature range. Specifically, this guidance
addresses best practices for qualifying temperature-controlled trucks or trailers (hereafter referred to simply as “trucks”),
temperature-controlled ocean containers, active ULDs, and walk-in temperature-controlled stores that are used to quarantine, hold,
or store raw materials, intermediates, or products. It provides details on selected temperature controlled units and their
qualification testing, and it identifies best practices for performing and documenting the qualification activities, including
temperature mapping studies, that are part of an overall validation program, whether that program is conducted by the
pharmaceutical shipper or a service provider.

ARG BT b A SRR A2 B Bt A A R S R B TR T A MR AR A R AR IR R e
fo. HAM, AREEARHAREXEFFREFUEARAZAE). REXBAFERERN. ARAARERE
(ULD). FRfEM. &RE, REHF/-. FEE, 780 ARRE X REFREE I RENE. BRET —MEERE
TR ANK A, AR T IR IRFRAE S OREN, BFENENRIENBORE AR, W
AW ZALF & B 2 R aE AR R T R SR

1.2 Aircraft Cargo Compartments
F 12 WHkES

The environment of packages or freight in aircraft cargo compartments can be influenced by the transportation process.
Transportation processes can be combined with other temperature-controlled packaging processes (active or passive) to help
reduce the extremes of temperature for commodities during transit. In marketing their aircraft equipment and procedural controls,
some air carriers are claiming that the aircraft cargo hold can serve as an active temperature-controlled system for cargo that is less
sensitive to temperature variations (e.g., for products that are stable in a controlled room temperature range of 15°C to 25°C with
allowable excursions). Although the temperature inside many current aircraft compartments can be regulated, aircraft themselves
are not designed as temperature control systems. Thus, they are not discussed as such in this guidance.

$-8-11



AR WRZERNEEI R/ TR Pm. BT 5L RE XX IRCERELR)EHF,
RWBR D KR BA BB ENRRIRE. EITW TR SRR FE e, — MR EREARFREERMTH -
MERBEZERGR, BERUARFERRD @ w0, XT7REZEZRISCCISCHEF AN RE). BREFS
ERTAEH & CH IR Z B W BRI T, S EAR AR RREZER . UL KR E A AT

Pharmaceutical shippers with cargo that is sufficiently stable to withstand the rigors of air travel without additional protection by
an active container or passive packaging system should perform shipping temperature studies to ensure that process controls are
sufficient to protect the product within the air planes used. Such studies are outside the scope of this guidance.

ERAHBRERARERCRRZGMRAY T, 427 B2 A F R AR T 54 89 25 i AGE A BT 5K 8 32 5 R 4T
TR RSB e RS RP AT AR, XN RO EREE .



2.0 Glossary of Terms
FoE: NE

Definitions are provided to help clarify the concepts used in this report. Some of the definitions vary between companies;
however, the definitions below are used consistently within this document.

FE R ORW By BE AR L R ER S, AadzE, —BEX2FFFR, B, UWTEXEARENE -~
.

Acceptance Criteria

AT

Numerical limits, ranges, or other suitable measures for acceptance of test results (1).
A SR e A IR

Active Temperature-Controlled System

FRBEZEZR G

Actively powered system that uses electricity or other fuel source to maintain a temperature-controlled environment inside an
insulated enclosure under thermostatic regulation (e.g., cold room, refrigerator, temperature-controlled truck, or refrigerated ocean
or air container).

R SRR R - AT IR W (B, A, K, BEESERE, RANTFERET eEEE
)P B P DAL R AR BN R IR 5 ) # G
Active Unit Load Device (Active ULD)
AR B2 5632 9% & (F JRULD)

A unit load device with an active heating and/or cooling system that is typically used in air transportation, usually operated from
externally supplied AC or DC power or from internal batteries.

—AE AR I, Fo/d, ARG KA KB R A, LR TR, W SN e B S AR IR

b, R IEAT.

British thermal unit (BTU)

FH R BAL

The amount of heat (measured in Joules) required to raise the temperature of one pound of water by 1°F.
E-GREE-FREFFEZNREES).

Change Control

K EES

The process and procedures used to manage changes.
EHLE AR A,

Compressor

JEZA

Components used to pump refrigerant through the active temperature-controlled system.
KA R R 208 R IRE TR R o — k.

Condenser

A GRE

Component that removes the heat absorbed by the refrigerant from the compressor and temperature-controlled area.
$e % B 1A RN 48 WL IR E 8 DB SO e AR

Controlled Environmental Space (CES)

% 2 3 5E % | (CES)

An area that is controlled by regulating temperature.



— N3 R R A R

Design Qualification (DQ)

it #IA(DQ)

Documented verification that the proposed design of the facilities, equipment, or systems is suitable for the intended purpose (1).
XA, BN . RERRAARITER TS5 EENQ).

Distribution Thermocouple

i AR

Device placed in the interior of the controlled environment space (CES) to measure air temperature but is not placed in the product
(see penetration thermocouple).

R AR R B L R F (CES) WK &, (B8 A A = b WL B B ok ).

Evaporator

AR

Component that transfers heat out of or into the CES (to control the area temperature).
T e 1 BB HE N AR PRI 5 ] (CES) (DU 42 4] D38 o 9 00 2 3 1

Full Loop Calibration

e

A calibration process that includes all measurement system components, from sensor to measurement value (e.g., temperature
calibration of a data logger and attached thermocouple wires).

B A NE R RO ROE R, AERERMERMEW] 2, BABIETOE 5 W 20e 8 5 SRR ZA0H).

Generator Set (Genset)

& #H41(Genset)

A generator unit that is used to provide electrical power to maintain the temperature in a container/trailer in transit and is not
attached to a stationary power source. Gensets consist of a diesel or electrically powered engine that produces the required voltage
to operate the temperature control unit (TCU; reefer) on the container/trailer.

o WAL T RIS R (R 7 o A AR B, R B e o R R
SERHT A IR A £ L(TCU, % #AR).
Installation Qualification (IQ)
ZRHINIQ)

Documented verification that the equipment or systems, as installed or modified, comply with the approved design,
manufacturer’s recommendations, and/or user requirements (1).

XU # KRR EBHREHRGE DafEd it A0 L®E, o/, HFEXERFe

Intermodal Container

% Az R

A shipping container used to ship cargo through more than one of the four traditional modes of transportation (road, air, ocean,
and rail).

— AR TR DU LI G R T X -k e R RAFEE. 2. BiE. 5%E).
Microprocessor
WAL B

One of the five major components of a TCU, the unit interfaces with temperature sensors in the discharge and return air and
adjusts the output rate of active cooling or heating to achieve the setpoint temperature.

R A T(TCU) B B E B A 02—, V0 70 4 USRI A R B, S A 0 2 o
s A B IR

Operational Qualification (OQ)



EATHIA(OQ)
Documented verification that the equipment or systems, as installed or modified, perform as intended throughout the anticipated
operating ranges (1).
SR P 4 3 A TR B R A B R G B UM A BR AR TR T 9 SR ().
Passive Holdover
W 2h
The length of time that the temperature remains within the acceptable range when power is lost.
TERE R SLT S IR A T B R P e KR
Passive Temperature-Controlled Transportation Systems
B iR B R G
Transportation systems without active temperature control (e.g., insulated containers with or without refrigerants).
EABRRBEES R R AN 2o, AR HARRIERELEM).
Penetration Thermocouple
FEA A B

A thermocouple that is placed in or against the material/product to measure the material/product temperature.
NS SER B  R A o IR B R

Performance Qualification (PQ)

EATHINPQ)

Documented verification that the equipment and ancillary systems, when connected, can perform effectively and reproducibly
based on the approved process method and specifications (1).

XURIER &S H R R EES, B LAMEG LSBT ER O EIEH().
Protocol
i F
A predefined, written procedural method for the design and implementation of experiments to define and document the
methodology and criteria required to assess the capability of a temperature controlled system to achieve the desired result.

T M. BERF RS S A SRR E B ST R T R R AR, L
WP ERNER.
Protocol Deviation
VES S

A deviation that occurs when a result is unexpected (i.e., fails to meet the predetermined acceptance criteria) or a procedure in the
protocol cannot be executed as written (e.g., when a challenge is conducted using a methodology other than that described in the
protocol or a process/ piece of test equipment fails).

b A TR By SR BB 7 A B 2 () e, A B R TR B VT AR )BT B o B ALAR A e A T R RS (1 e
S PRR R B EAAR R R MR, RE S NI AR AR .

Protocol Summary Report

R EERE

A report generated at the completion of the activities identified in an individual validation protocol that summarizes deviations and
conclusions.

E-NREENBETFEFRNCERERGBHERE, AR -NMLEREZS Zh0ORE.
Qualification
RN

Documented testing that demonstrates, with a high degree of assurance, that a process or system function will meet its
predetermined acceptance criteria.



E TR 8 R PR — AN AR B R G o R A TR B T AT v B SO
Setpoint
i& % /x\g\

The specific temperature programmed by the user into the TCU that establishes the target temperature in the CES (cold room,
truck/trailer, intermodal container, or ULD).

B P ITSL B N R E S R T(TCU R E, BT (AEE . FH/HF. 2AREEXH, HHRRARE
% % (ULD))E 4718 % .
Temperature-Controlled Truck or Trailer

BE S R F R F

A cargo box attached to a truck chassis or consisting of a trailer pulled by a truck that is equipped with a TCU to provide active
cooling or heating control inside the box (refrigerated trucks or trailers are sometimes referred to as “reefers”).

~AKBAREEHETTCOXRFRRERAAN AR A AR EREFFRERA A FERIINESF
(BAF R HPOANE —F “AHEHE" )

Temperature-Controlled Ocean Container (Reefer, Intermodal Container)
B am RRERA. £ AREREHN)

An actively cooled metal box (commonly 20 or 40 ft long) that can be easily transferred between different modes of
transportation, such as between ships, trains, and trucks.

—AERRFA B (20 ERE 40 HKRK), BARAZG WAL FzaB A 2 MES, ok, KF.
TF.

Temperature Control Unit (TCU)
i/ #2 %] £ 55(TCU)

A unit that controls the refrigeration and heating systems contains a microprocessor and thermostat to maintain the set
temperature.

~ AR BAE BB RBEES A ARGk AR EREET.
Thermal Mass
W&

The mass of material present multiplied by that material’s specific heat capacity
IR BT DL AL A&

Validation

¥ iF

A documented program that provides a high degree of assurance that a specific process, method, or system will consistently
produce a result that meets predetermined acceptance criteria (1).

—AR AR R iR SRR AT A TUT RO R SR AR B SRR T (1)

2.1 Acronyms
217 %5

BTU British Thermal Unit
F B AL

CES Controlled Environment Space
R AR 5 ]

DQ Design Qualification
FAr A

GDP Good Distribution Practice

2 R B AL



GEP

GMP

IQ

NIST

0Q

PM

PQ

RTD

SLA

TCU

ULD

URS

VMP

Good Engineering Practice
i TR EE AR
Good Manufacturing Practice
2y R AL
Installation Qualification
S T EN

National Institute of Standards and Technology
X E E ARG EARF
Operational Qualification
EATH A

Preventive Maintenance
T g A

Performance Qualification

T BB A

Recording Temperature Device
RERFEE

Service Level Agreements
R4 A AR

Temperature Control Unit
AR T

Unit Load Device

B R ER A

User Requirements Specification
H P % R
Validation Master Plan

B 3F F it &)



3.0 Overview of Active System Operating Characteristics
FZF: HERXZABATRHEML
3.1 Temperature Control Unit System Components
5 3.0 % IR TR G4k
Every active temperature-controlled system has five major components:

FNERABEXERGHEANEEHHH L

. Microprocessor
AT B
. TCU engine
B A2 £ GL(TCU) 5| %
. Compressor
4
. Condenser
AR
. Evaporator
F Y &

Each component has a unique function (See Figure 3.1.1-1) that is discussed in the next subsection.

AR A MRS ILE3 L), B2 ETTA4.

TEMPERATURE CONRTOL UNIT (TCU)
# 18 % % % £ 7L(TCU)

-1
L—y .
Evaporatpr Fan omp: essor
AR B AL
0 Ambient Air Condenser
Cargo Holfi Area IS T T
R RE Cold Air

_N TCU
Engine
Expansion Valve I8 2
#7L5 %

7% K 1R

3.1.1 Cooling and Heating Cycle: How it all works
F3000: BAGREL: EE W TEN

A box containing the compressor, condenser, TCU engine, and microprocessor is located outside the controlled environment space
(CES) (e.g., outside the trailer, temperature-controlled ocean container, active ULD, or cold room). The compressor works with
the engine to change the phase of the refrigerant from gas to liquid by increasing its pressure. During compression, the refrigerant
heats up due to the phase change. The resulting liquid refrigerant is pumped into the condenser, where the heat is removed from
the refrigerant as it approaches thermal equilibration with the ambient air outside the CES. After the refrigerant has been cooled to
a liquid, it passes through an expansion valve into the evaporator, where it changes phase back to a gas as it absorbs heat. The

£-15-7



warmed refrigerant then flows back through the compressor, where the cycle starts again. The heating process of a refrigeration
unit is typically the reverse of the cooling process. The evaporator becomes the condenser and the condenser becomes the
evaporator. Some systems, such as active ULDs, might be equipped with a separate heat source, such as an electric heater.

— A EFEE RN ABRE . BT R T 5| B A AL T B B A R T T 4R IR R (CES) LA () 2, AN B E
BH A EEHI. BEFERAREEEULD). HAEN). FEHENIE SN — 8 TR F AR LA, #EF LN
ERBFMA., EEFARS, $IAFETHEAE. RERSHEARNEARITNARE, o T0% 53738 X5 (CES)H
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A defrost cycle, necessary to prevent the system from forming ice, is executed periodically based on measurements of the coil’s
temperature at given time intervals. A timer closes a circuit, which allows air to flow to a temperature sensing device. If the
temperature falls within the temperature range that would allow ice to build up, the system starts a defrost cycle, in most cases
using an electrical heater. The defrost cycle also begins if evaporator icing results in airflow obstruction.

Wik R R EEKFT G BRBE R, A THAE AL AROREAGNE, THEK. —MTHEAEE, #E52
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3.2 Operating Characteristics Affecting Qualification
%327 BAOAREATA

Temperature-controlled spaces for storage and/or transportation are utilized to provide a stable temperature in the environment
surrounding a temperature-sensitive material. As in passive systems, the temperature within a CES is affected by the thermal
energy of the material placed inside it. Unlike passive systems, active systems do not use up their potential to maintain a stable
temperature over time. Thus, active systems can be qualified using techniques that are different from those used to qualify passive
temperature-controlled transportation systems and that are more suitable and effective for active temperature-controlled
transportation systems. Design specifications and process characteristics affect active systems operations, and both of these
parameters should be taken into consideration when designing this type of system. The critical design parameters of active systems
are:

ARG R, Fo/d, EE AR LB R RN REGRM ARG - MREABEREHE. ERRNRSR, TERES
E R R BEEL ARG E A REDE. SRERRL M, FRAR G MG B A 8 ok AR
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EmEaFAR. A IRAEY AR RRET, YRUIMAGRE, NEEXLSHK. LRRENRHR
HHEHA:

. Insulation
PR

. Airflow
g

. Heat exchange capacity
R E

. Thermal integrity
T B

. Monitoring systems
WM Z 4

. Alarms
e

A system’s performance in practice is also affected by the process used for loading and unloading its contents, the temperature
immediately outside an open door, and the temperature and amount of material placed inside the CES.
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3.2.1 Insulation
Yo

#3217 HiE

Insulation can be categorized by its composition (material), form (structural or nonstructural), or functional mode (conductive,
radiative, or convective). Nonstructural forms of insulation include blankets, loose fill spray foam, and panels. Structural forms of
insulation include insulating concrete forms, structured panels and straw bales. Sometimes a thermally reflective surface, called a
radiant barrier, is added to a material to reduce the transfer of heat through radiation as well as conduction. Reflective insulation
and radiant barriers reduce the radiation of heat to or from a material’s surface.

W ERRMAT R BRCEEME RSN R R R (T B P HTo K. RENHPREEFR
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AR A

Radiant barriers reflect radiant energy but do not affect heat conducted through a material by direct contact or heat transferred by
moist air rising or convection. For this reason, trying to associate R values with radiant barriers is difficult and inappropriate. The
R-value test measures heat transfer through the material and not to or from its surface. The resistance of each material to heat
transfer depends on the specific thermal resistance [R value]/[unit thickness], which is a property of the material and the thickness
of that layer.
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The polyurethane insulation commonly used in trucks/trailers and temperature-controlled ocean containers degrades by a small
percentage each year. The urethane in the wall tends to break and become powdery over time (usually several years), which can
leave large areas of the container without insulation. Over time, this loss of insulation can reduce the system’s ability to hold a
stable, uniform temperature inside the CES and result in the need for corrective repair or requalification (see Section 4.6.1.5).

REBMAEM G 2REATFFHFELRFEG DFREE, BAGFPWANTHE. EENNAETFROKE
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3.2.2 Airflow
#322%: AR

Because thermal energy moves from warm to cold areas, heat energy ceases to flow between two objects once their temperatures
are equal (phase changes excluded). When a CES is maintained at a temperature that is different from the outside ambient
temperature (or if there is positive or negative latent heat energy within the cargo), the TCU produces an inflow of air that must be
slightly above or below the setpoint to compensate for thermal gains or losses. To create a uniform temperature in the entire area,
the air should be completely replaced often enough to remove the influence of heat from the material inside the area and to reduce
heat transmitted from outside through the walls, floor, and ceiling. As a result, the entire volume of product within the CES is
exposed to the newly conditioned air. Care must be taken not to load products too high or in positions that block the flow of air to
prevent the formation of stagnant air pockets and the consequent hot or cold spots.

BT A AR KR R K, WM - EREA S, RS LR (T EENR). SRR W AR R
BSHEREAF (R F wRA RN F A ERAER), B2 REER R TR £, BRI & THETRAE
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Sufficient air velocity is also important to ensure uniform airflow throughout the CES. In smaller spaces, an unassisted
temperature control unit (TCU) can push air with sufficient speed and direction to reach from front to rear and from top to bottom
of the space’s interior. For larger spaces, additional air distribution systems such as fans, chutes, or both are recommended to
maintain enough air velocity to reach all interior areas. The air is then recycled back to the return air vents. The temperature of this
return air is measured by the TCU to calculate the necessary input air temperature.
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3.2.3 Thermal Integrity
#323%: HEEM

Thermal integrity refers to a completely closed space. Gaps around doors, cracks in door seals, and gaps or cracks in walls or
ceilings allow unconditioned air to enter the CES, making it more difficult for the active system to maintain a stable temperature.

AEEEEZATAHASETE M. [THEMNER. (TSR0, FLEEIWUH, BIRLRNEUERL, BoERm
AERZHAENZAANTERFEZE, BEREARERRREFREBELERERE.

3.2.4 Capacity for Heat Exchange
#324%: AXBEE

The capacity for temperature control measured in British thermal units (BTUs) determines how much heat energy can be delivered
or removed by the TCU. The ability to produce the correct amount of BTUs is essential for any TCU. The capacity required in a
given situation depends primarily on the temperature difference between the air inside and outside the CES. The thermal mass of
the stored/ transported products and their temperature also has an impact. The required temperature control capacity within a
temperature stable ambient condition, such as a walk-in cooler inside a warehouse, is very different from required capacity for the
wide range of conditions that a moving temperature controlled trailer might experience. The wider the range of ambient
temperatures around a unit, the harder the temperature-control unit must work to produce the correct air temperature for the
material or product being stored.

T AR ] A R A A RN B (BTU), WM TR £ DR NRE X BRGE RGN, FAEERESLE
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Relevant processes should also be controlled sufficiently so as not to exceed the system’s capability to maintain constant, uniform
temperatures. In an ideal transportation process, heating or cooling capacity is affected only by ambient temperature conditions
(heat loss or gain caused by conditions external to the temperature-controlled cargo area), which requires the goods and the cargo
area to be at the desired storage/transportation temperature before they are loaded. Hence, an active temperature control system
used in a transport container does not need the capacity to cool the contents. For example, in this ideal transportation process,
materials might be moved from a temperature controlled warehouse (maintained entirely at the required product temperature)
directly into a temperature- controlled, preconditioned, active temperature-controlled transport container. Similarly, a walk-in
cooler might have procedural limits developed to limit “open door” situations, and a warehouse might have added measures, such
as air curtains, to reduce the impact of loading and unloading materials on its temperature. However, the effects of each process on
the air surrounding the materials should be examined individually to assess the system’s capacity to control the temperature of that
air. Evaluations of each process should identify some capacity to cool or heat the system’s contents to compensate for
loading/unloading in conditions that are less than ideal.
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3.2.5 Temperature Monitoring Systems
#325%: BEKNZS

Considerations for temperature monitoring systems are:

MR EM AR EERN:

. Location of temperature sensors
REERBEME

. Ease and method of sensor calibration and/or verification of calibration
WE A RBA R, fo/d, KURRIES 7k

. Ability to store and retain temperature data and method for doing so
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. Intervals used between temperature measurements
T JE Y B ] ]

Most modern monitoring systems are digital and therefore are not “continuous.” It is useful to measure the temperature in a
transportation system frequently enough to identify trends that lead up to any alarm events to support investigations of these
events. Commonly, a 15- or 30-minute interval is therefore selected for the qualification test and/or transport data log.

REBINRUM R ZRY, MATHER TS, GRES “E4 W, Z2HNASNEREHENEBENENZ R
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3.2.6 Alarms
%326 %: W#E

For each CES, upper and lower temperature alert and/or action limits need to be defined for temperature sensors. If a temperature
exceeds one of the limits, an alarm is generated, and this alarm can be visual (light), audible (sound), and/or a text message/email.

NTFE-DZERERE, BENREERERE L TRESR 574, YRERNREN, FLRE, ZHRET
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3.3 Temperature Control Accuracy
¥33%: REERERZ

Temperature control accuracy is assessed during the temperature mapping study. Ideally, temperatures are maintained with very
little variance; however, the costs of purchasing and/or operating such systems is generally higher.

EREAARRE T ERZEEEHET. AL, RERSE-NEEORATEN, KW R NI EE,
Au/a, EAT AR 2 .

The more advanced temperature control systems employ active analog control, which actively regulates air temperature
continuously. Simpler control systems employ an “on/off ” temperature control system in which the TCU is only activated and
deactivated at predetermined high and/or low temperatures (similar to the thermostats in most homes). The “on/off ” control
strategy tends to be more fuel efficient because the TCU is not in constant operation. Note that the bandwidth of TCU activation
and deactivation can greatly affect the accuracy and efficiency of the system’s ability to control temperature. For example, a very
tight bandwidth, in which the TCU is activated at one degree higher than a setpoint and deactivated at one degree below a setpoint,
could result in very tight control, but it could also result in constant cycling of the unit.
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Temperature control accuracy tends to be more challenging for systems in dynamic conditions and/ or that contain relatively small
volumes of materials. In large warehouses, for example, the mass and volume of airspace might be sufficient to dampen the impact
of heat gain or loss, and, thus, simpler control systems can be employed. Control temperature probe location should be based on
the controlled space’s volume.

MNTHSRG, /R, HAEEYEMRASR, HERDEH TS TERE. T RECE, i, figzfEn
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In summary, an actively temperature-controlled system is designed to maintain the air temperature within a defined space, thereby
insulating the stored or transported goods from the effects of outside conditions. To accomplish this, the air inside the system must
be able to move throughout the area being controlled. Thermal integrity, sufficient capacity for heat exchange, proper airflow, and
air velocity are as essential to a temperature control system, including monitors and alarms, as they are to the refrigeration process.
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3.4 Risk and Criticality Assessment of Systems
$ 347 RAGREE R

During equipment and utility (e.g., water, electric) qualification, quality risk management tools should be used to determine the
relative criticality of systems and their components and to achieve efficiencies (2). Process equipment and utility systems should
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be assessed to determine their potential to affect product quality. Systems that are deemed to have that potential should undergo
qualification. Evaluation of criticality for individual components of a direct impact system supports the development of the
qualification approach for that system. A risk assessment should be considered for use with this type of evaluation because it can
provide a significant benefit in the form of a more in-depth evaluation of the system (3).

A0 RV A, AL BB, R R R TR T R G K L AL o B AR XK R R B OR
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3.4.1 Risk Assessment
%341 % WP

In the past, the risk assessment was primarily executed using only a system and/or component impact assessment. The GMP
impact assessment can be considered a triage risk tool that provides a method to identify elements that are and are not GMP. An
additional step is needed to provide the general level of the equipment or utility system’s risk to product quality. This level of risk
helps further determine the level of testing required and when in the project testing will be executed (i.e., during commissioning or
qualification) (4). It is also acceptable to forgo the impact assessment portion and assess the risk of the equipment or plan for
qualification because most indirect systems can be qualified utilizing commissioning activities.

Lk, RRIFHEEERA T -NRAR N EOD TS, HRAFRECHEMBDHITETAALR -NEF
AT, ZRET - AFERBREIRGARGRATRECHEAGHER. AR AFO S BRF R R ER
DTV R G SR R AR, AR AR Byt — R R RO T, A2 B RSEAT I E R (4
o, VR B A IN)@E). BF IR T R R AR RN R R TR, EAREZHEERRSY
R R A

Table 3.4.1-1 Risk-Based Qualification Planning with Typical Assessment Categories (Adapted from TR60) (4)
BI3.4.1-1: % A SERLE 4 oy 20T KU B9 # 1A SR (IR 18 % 605 SR IR & g )(4)

Risk Assessment Typical Impact
Assessment Categories

R 3 A 4 37 R AT B 4 K

Output Rankings Qualification Planning Typical

Testing to satisfy validation requirements occurs during qualification.
Documentation and sampling requirements are high.

" G, MR R EE R, X ATURE o HH

A blend of qualification and commissioning activities can be used to satisfy
validation requirements. Sampling requirements are moderate, given
appropriate controls and risk reviews.

i B G R TE S T R R R, RRER N, B Y e | BRI
RS .

High Direct

Medium Direct or indirect

Testing to satisfy validation requirements can occur during commissioning
phases. Appropriate controls and risk reviews should be in place.

FEVER Bl MR R Bk, A E Y AR .

The triage begins with an initial GMP impact assessment (Figure 3.4.1). Systems found not to have a GMP impact can be tested
using Good Engineering Practice (GEP) and commissioning tests alone. Systems and components found to have a GMP impact
(either direct or indirect) should be evaluated for the level of risk they impose. Table 3.4.1-1 provides the typical risk levels of
direct and indirect systems.

BREHT RN @A R EE MR RITEE34). RANGEAFREECHNBRAPHNZATEAL
2 5% BEAL VG (GEP) R M, I B AT B, KA R AT RECHARAE N R ARG EEEELLHE
)RR HL B LA KU AT #EAT P, B3 ARG T HE 5 9 # 588 AT,

The amount of testing and when it should take place (i.e., during the commissioning or qualification project stages) is determined
by the relative risk associated with the GMP system or component. Low risk items can be qualified through testing during the
commissioning phases, whereas high-risk items need to be qualified. Medium- or moderate-risk systems can be tested during both
commissioning and qualification stages (Figure 3.4.1) (2,4).

WK B F 5 R 4 A B ] (8] A, 7R 8 DA A TR ) B A 2 o A R R TR AL VR BT R BRI R G R A R xR e ok
FE . AR R B S EL ST R R A A R B AT A A, TR R R T B G AR A, T KU R SR B R B B X
B R A B B AT TR (3R 3.4.1)(2,4).
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Figure 3.4.1-1 Risk-Based Qualification Approach to Determine Testing Requirements with Impact Assessment Triage.
BI3.4.1-1: W F 8 2 W A T AR A 77 3ok I R 7

Adapted From PDA Technical Report 54 (2).
MRt % B B A e 545 RS RHRQ).

Initial Triangle: Determine if GMP Impact Area
BV HWREHWEG G AT REEETIL

Requirement
Documentation

AR

(Direct or Indirgct B 4% 2 [d] %)

Risk Assessment: Define Risk Level
REira: AR @A T

Associated Risk Acceptability Appl])\l/I]:;Ss]:lrismml
s ; : \
A R R 3 % R R4 5 4

Y

Low Risk System or Impact

Commissioning Only Arca

L 5 U 58 9 4,
Comm1§s10n}ng & Medium Risk System or Plan & Execute Qualification
Qualification o Impact Area < ol 5 5 A
LA e 2L e R

High Risk System or Impact
Area

ki R 5.8 15

Qualification Only

Table 3.4.1-2 illustrates how impact and component risk assessments can be used to focus the efforts of qualification for
temperature-controlled systems. This table is not meant to be all inclusive.
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Table 3.4.1-2 Sample Assessment of Temperature Control System Impact and Component Criticality

F34.12: BEZERZEYHEEHEARETERER

System GMP Impact Areas Component(s)/Subsystems | Component Risk to | Rationale Scope of Testing
#% HRAFREGE | BT RE Product Quality | 4 4 g Wik
A v AT A RRER
&
Incoming walk-in-cooler (2 | Yes: the system Cooling system Low Gathers information on Temperature mapping during qualification to
to 8°C, incorporates a single | preserves product’s B R G 1 temperature uniformity to support | demonstrate temperature uniformity and to
sensor to monitor internal status. - - independent monitoring locations | confirm the system’s ability to produce
tempera}ure land a . B, RS4R¥E R | Mechanical convection Low R A S B X consistent results in (?ngomg operations ‘
conventional compressor for |4« system % TG E e A TR A A AT
cooling) PR R 4 A0 RN R AR AT o P A —
B % o KA B 4H(2-8°C, B ER A
A — A R ok S A Insulation Low
BE, FAEEERE 30 1%
%)
Independent temperature High/medium Provides temperature record for Calibrate and test relevant alarms in OQ
monitoring instrument |z the product AT AR RN X
398 B AL RGBS RIBEIDE
(direct)
(E#%)
Temperature control sensor | Low Controls only (and not to provide | Commission
TR 1 arecord of data) WK
AR (TR E AT F) )
Thermal map to confirm system operation
R WERHNRREAT
Automatic door lock None Not part of temperature control Commission for business need
CETRE S wH wsem BB E AT
TRIB LR R R —
ULD and independent Yes: the system ULD and related Low Records temperature data for each | Qualify individual ULDs or groups of ULDs
monitoring system (used to | preserves product’s mechanical systems 1 product unit (family approach)
ransport ighly critical | status. H SR VA A AL RGN R ETRRBREIAE | R R A R AR
p ; R, RERESR | RAS W& 5E)

individually probed and
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monitored)

B RS S

RG(FTaAmAEN -
f BB TR RES K
FEEEAT )

wA&

Temperature mapping during qualification to
demonstrate temperature uniformity and to
confirm the system’s ability to produce
consistent results in ongoing operations

2B A (8 4T 351 207 R e A AR R
HAERFANER REREBITH 4 —
B ER A

Independent monitoring High/medium Provides data of record on each Calibrate and test relevant alarms in OQ
system %/ unit of the product AEEATH KR R R KA
Har ey BN A FEEA Rt BT R R
(direct) F
(E#%)
Temperature-controlled No (for reefer truck): | N/A Low Does not require a uniform, stable | Demonstrate process control
truck set to maintain 15 to The truck safeguards FER 1 temperature in a tight range that S R4 A

25°C (when used to transport
a ULD validated to comply
with internal product
requirements in harsh
environments at -10 to 50°C
for the duration of
transportation)
BEEHFFHRE R
T4 #15-25°C (L EESH
B IR T-108(50°C, E#
—A R KERE S
A& RE T RER)

ambient temperature
of the ULD if needed.
The ULD preserves
the product’s status.
TR TAES):
WREL, FENRE
TR K E A
TEERE. R %EE
RERFWE &
was.

would justify thermal mapping of
the truck’s temperature control
system. Depending on season and
ULD capability, the truck might
not need temperature control at
all.

FREE-AT NN BE N
B REHRE, FERAIA
IR T R e 4] R . TR
TEFTERARER AR, B
FRERETFEBREES.
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4.0 Qualification of Active Temperature-Controlled Transportation Systems
FUOE: AEABEENZRR SR

Before the description below of the elements and procedures that are specific to each of the four active temperature-controlled
transportation systems covered by this guidance (truck/trailers, ocean containers, active ULDs, and walk-in stores), a discussion of
the qualification process for active systems is in order. Most but not all of the elements of the qualification process are common to
all four active systems. The elements that are not the same for all four types of transportation systems are described in the sections
on each of those systems (5).

AHAENFREXNBEEEHEMAR(FFAES. RFEMER. FRRAREREG KNA )N EREF 2,
EREARH W —TERAZGENR AR, KEREFTEFEHAIEANZREREREMERXRGME. ks
AR RBZMRAAARNGER, EAETENRAHETFHAS).

For all four types of active transportation systems, the general approach is to verify that the active system has been commissioned
to the appropriate criteria (6). Next, a thermal mapping and independent monitoring process verifies that the active system is
operating properly. Following initial qualification, the system is monitored during ongoing operations to determine whether it
requires requalification. For some systems, a regular requalification routine might be appropriate if performance history or product
risk factors dictate such a schedule.

HTHANMERREZNRERN, RIAXEAEFRRAGRELEZEGYmBEHTHRK. TR EH -4
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4.1 Approach: Protocol Development
#4179 A FEIFER

Before any temperature mapping or qualification is conducted, both the product requirements and transportation process
capabilities and risks should be assessed to develop a protocol for assessing their potential impact on product quality.

If the assessment determines that a system’s components or processes will have a direct impact on product or material quality,
then a system qualification is required and a VMP (also known as a quality assurance plan) that integrates the objectives and
methods chosen for DQ, 1Q, OQ, and PQ should be developed. Temperature control design for long-term storage is also based on
the registered label requirements and stability data. Shipping and distribution temperature control is based on the complete
stability profile as guided by the regulatory filing.

TR L A B A AR, RO R G iR A RO, R R AP R R e T
. WwRIFEHIZRAAHBEI LB BRI REEEEDH, BLRFETL - NEEEFSBRERITHIL, %
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FE AR AR B SR BRE Y. 25 5 R AR R AT % 2 O 4R A R R A RUT ML

A number of factors should be considered when developing a qualification protocol. Primarily, the level of testing should be based
on the quality requirements of the products being transported or stored. In addition to the product requirements, the risk
assessment can address the following issues:

HIFRFAT R NEERE EER, £EM, MK FEETramtfs ™ anlEER. £F TR0 R
P A 4t B JE DA LA 7 T

. Quality systems associated with the process or equipment, including loading/unloading operations
5 R Ak R R, R/ R
. Available drug product supply and ability to replace that supply
2 i (8 R VT AT T R PTAR ARIX R G A A
. Business tolerance of risk of damage to individual shipments that requires remedial action or return/destruction
FE—RZE P RE - #ERER & LI AR
. Manufacturer history and experience with its products
L R T R
. Preventive maintenance (PM) requirements

TG4 (PM) %R

. Calibration requirements for the system monitors and test monitors used
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When developing the qualification protocol for a group of several similar units, one should consider whether all units, a single
unit, or a sample of units will be used in the qualification protocol. Using one or more units to represent the group is known as a
family approach to qualification. Statistically based random sampling of units used for qualification testing is an accepted industry
practice. The extent of the testing and the number of units tested depends on the organization’s policy concerning risk
management and qualification (4,7,8). Refer to Section 4.6.4 for more details on the family approach.

G —HAE T RN E o, ME RN A TR AR, BUERIAT R AR TR,
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Product protective packaging plan to add a layer of temperature protection to the active system

B R R GARR R B R AR M R TR

SR %4.647%,

In addition to regulatory compliance, qualification:

N Rk RN o T

Reduces the risk of failure during transportation/storage

YD e 3 A gk 8 DAk TR e R

Defines the optimal location for temperature monitoring

Ay I8 N e A AR AL B

Provides a correlation of internal ambient temperature with product temperature
e Bk — AN T BR S IR A R R AR K

Verifies other concerns beyond temperature control and uniformity
WAL E R S M L e |

Ensures that other functional and user requirements are met
mEFEL v SR PR

Provides a record of the system’s condition and configuration

RN FAAFEREIRX

Ensures that all other required systems are in place to support continued equipment operation

AREEEFHELCH T R AR RETLEAT

4.2 Design Qualification
F 427 RITHIA

Design qualification (DQ) is typically the first stage of qualifying any process or equipment and determines the design’s suitability
for the intended process. DQ can include physical testing or mathematical modeling. The DQ ensures that functional requirements
can be met by the proposed process or equipment. The process parameters evaluated can include:

HARE, EHRARIBHREURBITER 5 HABNE —F. Bt T @B BN R F 4

PR ko e A BT A R A R T R A e

Process duration

AR i A ]

Ambient temperature (including extremes in actual conditions)
PRI (63 7 SR T 1 o B )

Insulation (type of insulating material/air conditioning system)
PRI (R R AR KA R 5)

Quantity and locations of TCU cooling and/or heating systems

REERETRA, f/E, WREAGRESME
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. Match between TCU’s heat exchange capacity and CES volume
TR TR B LA e ) AR IR R OB IS R

. Volume and velocity of air produced by the TCU
B R T A R R

. Airflow in product shipping configuration
T FF B A R RS

. Minimum and maximum thermal mass of the anticipated preconditioned load
T2 3" /b RO E

. Monitoring systems (including locations of temperature measuring probes)
WM A G (aEREMNERLALE)

. Alarms settings, notification systems, and response procedures

WERE. @R 55w AE

The outcome of a successful DQ is a high level of confidence that the OQ results of a specific process or equipment will be
positive. The results of DQ should be formally documented in a report. The components of a DQ are illustrated in Figure 4.2-1.

ARG AT ROAR R HR IR AR AR R R AR TRAERGEEC. R ANERNARE S FER
L. AT B A R B 4.2- 1R YL .
Figure 4.2-1 Design Qualification Steps
E4.2-1: Rit#hilF R

Requirements Documentation Design Testing Protocols Design Testing Report
ER S R B T 2 Design Test Data PR A
e Bt
1. Shipping temperature 1.  Temp. mapping 1. Product temp. vs. time 1. Product temp.
B E VL A i o] evaluated against
acceptance criteria
2. Shipping Duration 2. Thgrmal test profile 2. Ambient temp vs. time B, 22
- \ SE R 358 A . N NN
7 4 I e LA 5 A 5 A B B AT
3. Primary package 3. Air/product relationship 2. Temperature
AL B R A mapping of system
1 /\é\ jE %
4. Secondary and other packaging 4. Duration RRRED T
UL ELAoRS Wil
5. Develop specifications
TR AT

Although design qualification, sometimes referred to as commissioning, should be performed prior to qualification testing, it is not
arequired component of the overall qualification package (5).

RAEVTHA, Lm0 BOR K, RZE A A AT 52, (B AR — /SRR A AL BT L AN 20 (5).
4.3 Installation Qualification
%437 REHA

The purpose of installation qualification (IQ) is to verify that a temperature control system has been installed in accordance with
the design, manufacturer’s specification, and/or requirements for the intended use and that other systems are in place to support
the continued operation of the process or equipment. IQ can be accomplished by the equipment vendor or the user.

RHEFANGENRAL THIEREL B AR BRI, £ HAE, fo/d, FUERAERZR, FELEHEE
AGRLFIE R EHFLEZAT. RRAAT kAR P KT,
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Specific requirements and acceptance criteria should be established in a written protocol and approved prior to their execution.
The IQ process should be part of a quality systems audit to qualify a vendor.

ERT R AR RER G ET AR, A SRR %R AR R B — A IR G R B R R B
—#.

A system description (with boundaries) is included in each IQ protocol. An IQ protocol can include cleaning records, system
specifications, and operating instructions. Some form of installation verification should be conducted at storage facilities to ensure
that they have the necessary external electrical power and physical support. For example, if a container will need to be recharged
at its destination, the destination warehouse should be checked to ensure that it has the necessary electrical power connections
(plug type), voltage, and amperes to meet the requirements of the container(s).

EHENZEFNTRPAERRERFHALR). —MLERATETLEFRELR. ZAAERERT. HAME
T VLM K — R R AL, R R ILIE T L A HN R A . e, R -ANRERFTEALE st
TF, MARGEE NN EERAREAELAFEERFERNLFEE A(BHHELT). W R,

The following types of verifications described below might be performed as part of the IQ.
T 5 T4 2 B DU 28 BB IR W R 1R b A A B — 3 R S

4.3.1 Document Verification

%431 XPEHIE

Much of the IQ process involves collecting relevant documentation for the temperature control system. During this exercise,
documents provided by the vendor (including operation and maintenance manuals, spare parts lists, calibration and cleaning
procedures, drawings, and certificates) are verified to ensure that they are current and available. In later phases of the equipment’s
lifecycle, this information becomes invaluable for ongoing maintenance and/or modification of the temperature control system via
change control. Documents that should be verified during the documentation verification process could include user and functional
requirement specifications (if included in the equipment’s lifecycle), manuals for the system, system layout in the form of as-built
(“red-lined”) drawings, and component specifications.

%R TR SRR R E AR R G . AR o, xR (R R S e
B E. RORGHENE. BEREEH)RATHIE, RWRILZIATHAREG. EREETRRHNGH, S THEEP,
Ao/dk, A EARE SR LB S R RHATE BRI, XLERRGELNME. RA A A2 B 34T 94 i o ST T
BEAF5HEFRABORAEELSEGAHN). 2ATFH. RTE RS FEE, AL LAE.

4.3.2 Equipment Installation Verification
%4327 WETRHIL

The temperature monitoring equipment must be physically and visually inspected during the IQ process. During this phase of IQ,
the equipment should be verified to ensure that it conforms with intended purpose / design as derived from upstream specifications
/ quotations / purchasing agreements. The equipment should also be verified to ensure that it has been constructed or installed
suitably. Aspects that might be verified during this phase include:

TG F AR 6, L F T W AR AT S B AR, AR, MR AHTHIE, RARE
FATHE /R E L at/a FRM . REFIERAFRREE AR Y g R k. A -, THHIEFAE
i

. Manufacturer name, serial number, and model number
kAL AR. TS, BB

. Construction material and quality
AR R

. Insulation thickness and density
(R

. Dimensions
Rf

. Construction quality of the mounted components, if any
WRA, LRZRBMEERE

. Other equipment-specific information for each major system component and subsystem

$#-27-W



BNERGHUEHRANFERER
4.3.3 Preventative Maintenance
¥ 433%: WEHES,

After the 1Q exercise is completed, a required operational process to ensure that the temperature control system is maintained in its
“qualified’ or “validated” state is the performance of PM on the system at regular intervals. A PM regime should be developed by
“experts” in the system (i.e., mechanics familiar with the system’s operations) or based on recommendations from the equipment
vendor/ manufacturer. Historical failure data can be captured to plan and schedule future maintenance before failures occur.
Furthermore, this PM regime should be established as part of a mandated schedule to ensure that it is performed on a regular basis.
This schedule can be driven by SOPs and documented using a paper-based recording system or an electronic or computer-based
system, such as those provided by a computerized maintenance management system.

EZEFATRE, BRBEZTERGETE “CEHIA & 4RI RATHFERELELIE, ERFEIHE
MO TR FSR. NEERANE “F27 SATRE WM A/ & S AT R T8 2. b,
i F ST e 4 4 SRR AR O AL B AR AR — E R AR L R e ARl . RANERETRE HAEERAR, &
WAt A R G TR G T8, BT LR G AT R R R LA (SOP) 5 Uk

Although it is not required, the PM verification should also include a verification of other materials required to provide ongoing
equipment support. This can include ensuring that critical spare parts are on hand or are list of these parts is available so that they
are more readily available in the event of failure. This step might also include determining whether a list is available of other
materials, such as refrigerants and lubricants, used as part of the systems history file or engineering turnover package.

ERARGH, ERGEEFRENAEREREFELRFENLCHEHT. ITEEHRRREBHEF, R
FREWMEE, —AERBEFLAHRENRE. BNFRTERAFCEAW RS LCHEEE, flao, AR,
HmAl, AER RGN 2 X TR AR — 4.

4.3.4 Calibration Verification
¥ 434 KOEBITE

As with PM verification, critical instruments should be entered into a calibration program to ensure that they are calibrated within
recommended intervals. Recommended intervals can be derived from vendor recommendations or historical data for the
components of a temperature monitoring process or piece of equipment.

R e P O — A, KR TR RS NRORAR P AR A I A, R R T R R A
SR T AR AR ARSI ) 3 B AE.

Critical instrumentation can be assessed during qualification or be defined in an upstream design document. The operator should
be careful to define which temperature monitoring instruments are critical and which are within the system’s or process’s
boundaries. For example, a system or process might utilize two (or more) instruments that monitor and control temperature
conditions separately. If the monitoring instrument is the instrument of record (providing the product conditions record), it is the
critical instrument and must be calibrated.

KGEOCE WA B AT IR A, O X AR R U AL . BRAEE RN FLRE ISR OB R R, LUK
WALT R FRARL I Fldn, — AR G R T A R P (E 2) 008 ok A S 5 2 R A, R AR
AR FAB GO B AFIRT), R R OB LA L TRE.

4.4 Operational Qualification
¥ A4 BATHIA

To ensure successful operational qualification, the temperature control process or equipment should have undergone a successful
IQ and risk analysis. The OQ’s purpose is to verify that the process or equipment operates as specified and meets the
predetermined requirements for control of design operating parameters. Ideally, the OQ follows the completion and approval of IQ
activities and is satisfactorily executed and approved before the PQ starts. The IQ and OQ might be part of the same document.
However, these activities may begin before the previous qualification has been approved, provided that the previous qualification
has been executed and any deviations have been addressed. This approach must be approved by quality management and any other
appropriate personnel within the organization.

A YRR TN, R A R R AR £ R A R AT, AR B B T A
FR A H A BT, AT RE N RES g AR, BATHOAE %% #ATE 20 58 R OF BB JE R i
Be AT AR AU R T SR IR ot . A BAT AR | — AUy — . AT, RS A RO B At
BV ER AT B, HEMREZCEMRE A T, AT LB EE A TR EAL W EME LA
B

0Q testing is designed to demonstrate operational conformance to design specifications. Appropriate source documentation can
either be copied or referenced in the executed protocol. Factory acceptance testing results may be used if they have been properly
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preapproved and documented. Specific testing requirements and acceptance criteria are defined in the preapproved protocol.
Deviations must be investigated and closed as separate entities and included in the summary report for the protocol. The
implementation of any action plan resulting from a deviation can be approved as part of the summary report.

BATHOAB R B AT M RSB ITE. TAFRISEALIET EFANBYRFEXE. DREEELHT
Sedtofe It R, R TR AR . R TR bR e 7 5 R AL A A R SR DU R 2 S0 AT
BEHBAER — AR E KE, FEEETREACERE N, TR M 5 B 2 E A IR i —
AT HEOR
All qualification testing equipment utilized during OQ execution must be calibrated against National Institute of Standards and
Technology (NIST) or comparable international standards and be documented in accordance with a facility calibration plan.

TEAEAT BN IR, B A A R OB R % K B [ SO R BB AR BT (NISTOA R, 8 5 E R e, oF
4 B R 7 R AT IR

All activity related to the execution of OQ should be formally documented in a protocol.

PR 5 S AR AT A B AR K VB 2 A IE IR A — A

The test method(s) used should have relevant justification. Test results should be comparable and reproducible based on the
agreed-on temperature profile of the environment outside the active transportation system, including exposure to the climate.
When any testing is involved in this activity, it should be adequate to show reproducible results. It is recommended that the
acceptance criteria developed for any given transportation system establish a high degree of confidence that the system is effective
and reliable. Acceptance criteria for an OQ are typically developed around the process’s or equipment’s operational range;
however, the intended use might require more stringent acceptance criteria. Typical elements specific to the four individual types
of active transportation systems addressed in this guidance are discussed in the OQ sections for each system.

AR oy B0 % B A RO SE . AT EAMENA R 2N A SN REREMI, CEABENARK, MKERY
Wbk TEE, BRESHFHPRAGEMED, NELEFTERALER. 4T -1 ExNERi %, ®ETL -
HEERENTEINE, REVRAANEREM TR, |, —ER TR AT E& AR E 4 ﬁ%&uék
FTu Bl T, TG TR ®E — B R AR . TR AR T ok i A A or KA R R S R AL
BE R R A BATHNFE N M R AT

The transportation system’s ability to control temperature should be tested. Typically, the system is required to respond to changes
in setpoint and then stabilize and maintain a uniform temperature around that setpoint. Temperature mapping is the typical method
used to demonstrate a system’s ability to control temperature.

RMBE A R R ER A . A, ERAGMERERE AL EM G, K5 EHSER AR RS
@%mFomFﬁﬁm~Am%ﬁW A F GBI g SR T ik

4.4.1 Power Failure Recovery Testing

441 F: BTEK AN

Once the transportation system has reached the desired temperature, the electrical power is turned off to simulate a power failure
and determine how long the system’s backup generator takes to react to the condition or, if there is no backup generator, how long
the unit can hold the desired temperature before it reaches an out-of-tolerance temperature. The power failure recovery test should
be performed concurrently with temperature mapping studies and, ideally, using an empty storage unit to simulate the worst case
because there will be no thermal mass load to influence the unit’s temperature. Once an out-of-tolerance temperature is attained,
power is restored and the time required for the system to return to the operational temperature range is determined. This
information is helpful for such activities as discrepancy analysis and creation of disaster recovery SOPs.

—BEMAGAS| PR R AR E, VIR RORAR BT R € 2 KAt R e & K AR A RO, SR R
&R EN, REZETEERRY T HEREWEZ Ko AR FEZNRE. Rk ZNR RS RZ 55
REE AT, AL, AN EESEREURERR, HDARERREERANER WETRE. —Ehsah
HEXRE, WERR, NAHETRAKRZEATREZTEFFENS . 218 8 T A&7 B i KB %
ARORBAENR S TER AN B,

4.4.2 Alarm Testing

%442 % WENK

The intent of alarm testing is to demonstrate that the system will effectively emit an alarm when the temperature in the
transportation system reaches an alarm condition. The test method used should be consistent with and similar to that used in OQ

temperature control testing. It is reasonable to combine alarm testing with power failure recovery and open door testing in which
the power failure recovery and open door temperature excursions serve as alarm conditions

AN EEEN TR Y20 R AL DA, ZRARE R R E - NRE. FEAGMKTENS
TR BAT RN X B0 AR BN — B R L. T & B AR R B NS W R Z BT (TR & 56, KR 2 511
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4.4.3 SOP Verification
%443 W R IE AR AL

The SOPs used during the temperature control process or equipment operation should be approved prior to releasing the
equipment for normal operational use.

TETRAT 4% & IR H 6 2 B0, 780 % 454 33 A2 8 1% &-38 4T W B BT 4 ) e Ao 3R 1R AUAR I 48 S o,

SOPs for operation ensure that the equipment or process is operated consistently with every use and can include:

BATA RN REH RSN IR - BE4T, FTaHE:

. Process or equipment operation, including startup
WK R AT, GHEET
. checks and preconditioning procedures
Ak Sl
. Loading of product
= A
. Alarm and contingency management
R - E
. Cleaning consistent with other GMP systems within the facility (if applicable)
HEARMNNECHREFRECEALRRANFE WRTH)
. Calibration and PM programs

Kok 5 s R 7

Loading and unloading have similar risks when these activities are conducted in an area that is exposed to uncontrolled, external
weather. Loading of product is also critical to ensure that the required clearances are maintained to ensure proper airflow and that
circulation and extended open door times are limited. Ideally, the qualification also ensures that systems operators are trained in
the applicable SOPs. Training is especially important when a manual action is a part of the process. Training might also prevent
actions that might be inappropriate for some products and not others (e.g., turning off a unit under cold ambient conditions as a
cost saving measure based on the assumption that the temperature-sensitive product is robust or has been tested at very cold
temperatures).

G AN BRBEEDZENER, SMNERA LR LI 0, KRG H ARG, &R TR R
BRI R ARG S R AR KRG, OF ELR B R RIT I 2 2 B R BY . B, S FAF AR R R 1E
AREEZAG SO REREREE. Y FAER RN -8y m, HPSHINER. Byl TR T T —
Mot g A e R R U (A, TR, A TREGRSBEMT B, HEEEREANREHRT
B, A IFEET K H #TT).

4.4.4 Temperature Controls Verification
%4447 REEGE

Whether temperature controls operate within the manufacturer’s recommended range should be verified. During OQ, the range of
a temperature control system’s performance can be determined based on intended product requirements (e.g., a system’s ability to
cool an environment to -20°C and maintain that temperature might not be tested if the system will never operate at that
temperature, but this range might have been tested as part of 1Q). It is recommended that tests on the temperature controls during
IQ and OQ be performed prior to the full unit mapping described below during PQ to minimize set-up time and related costs.
These tests can be conducted in conjunction with temperature mapping studies, but doing so is normally less efficient.

A R R AT AT RN R 2 . RTINS, ATHREENFREFE@ L, —MRETHRIK
BAH-20°C, FHFEXMEE, WRAFIRAAZRE TEAT, TRAFTEMR, EAEETREN ZRA NS
A HEAT TR, HBORZARE R R . R A G R AT OA ], B B RE R R e 7 O B A
1A B e T 4 55 A A 5 TR S A U 2 A R A R AT R, OB R TR D B e DA A R AR . 3 I VT B
G A R BAT, B — RO A B B

A test that modifies a setpoint so as to observe the temperature control system’s response to the change beneficial. This test
introduces an artificial load by causing increased cooling or increased heating in the system, and, subsequently, the system’s
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stability characteristics can be observed.

B MBI — A VR MR IR S A% ) R G XA AR A B v R A A5 AL A . TSI 1 e & G A B e A
BEIN—DMALRE, HERESENERARA UK.

Modification of system setpoints or even startup can also be used as an opportunity to assess the system’s ability to achieve a
steady state temperature. This data can then be used as a basis for cold room/refrigerator/ freezer or standalone unit
preconditioning times mandated in material and product-specific storage SOPs.

RIS ARRE AR SEATFERELD M REARSBERAINE. ZEHETEALE. K. %
RERERETH DR P & 45 R0 H AR B AR AR 5 T 5 B 0 T ]

Criteria for this testing depend on the control system. Fundamentally, the system should demonstrate a response to a change in
temperature above or below the setpoint and maintain the temperature at that setpoint.

SRR AR S TR R . B L, R SUR UL — a8 B T A 8 IR # L 9 4 RIRLE A A
WML,
4.4.5 Configurable Parameter Verification
%4457 EMMSEHIE

The configuration of a temperature control system is recorded for several reasons, including that the system might have been
designed and configured for a specific application, and for the intended use, the vendor has recommended the use of a set of
parameters. To ensure equivalent performance in future, parameters similar to those used during the qualification should be
employed. Typically, configurable parameters are associated with automated temperature control systems. For TCUs, parameters
to be verified are probably related to the temperature control or monitoring system (e.g., piping and instrument diagram control
parameters and alarm settings).

LR REEHRAENELZNRE, QHEAGTREEAN T M NNHAH#T T RIT S B, N TH5EEA,
HEHLERET —AEASH. A TARRREREN ERARE N FHRRE0n SR, REY, EHSKEH
HREES ARG RE. T IREESET, R ST S RE RS R R R, RO E RS S
BUARAREREM X .

4.4.6 Repeatability and Consistency Considerations
#4467 EIMA-HHEE

During the qualification process, the principles of repeatability and consistency established in the master validation plan apply to
the operational qualification design concept when the methodology for testing active containers (including the number of tests,
types of tests, and types of equipment) is determined. Because active temperature-controlled containers have electrically powered
cooling units, the OQ design can incorporate aspects of the qualification of passive temperature control solutions. It might not be
necessary to perform a complete triplicate series of summer and winter tests as would be done with passive containers; however,
multiple tests performed on one ambient temperature profile should show repeatability, control, and overall performance.

AR, YA RRERA N EEFEINREE. MR R . REXB ARG, AR EETR P ELNEI
M- F AR T EAHOAR TG, BAFRNRERHERAFRREA LT, BRIt TESERIEE
BRRTERBATE. FFFERRREBELRERE AN X ZWELTRAALRMR, R, E—NIHER
TREZ MM B R BT, 26 Rk,

4.4.7 Acceptance Criteria
%447 B
Acceptance criteria for OQ include:
BATHIN TR
. Testing demonstrates that the temperature control system/process performs as intended.
3 3 IR O R A o R e/ AR R P U
. Executed and approved IQs and OQs are available for the system.
AU G LM Mok 0 R BN G B AT A
. Any pertinent SOPs are listed.
WECPIP LR P b (N
. All critical and non-critical instruments have been calibrated, as required.
WREFE, XNPAEXEEERENECEHT T RAE.
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. Calibration of temperature sensors supports the qualification study’s temperature conditions (e.g., when thermocouples
are used, a study that varies the temperature from 0°C to 40°C must use temperature sensors calibrated over a range that
brackets the operating range, a full loop calibration is necessary to ensure measurement accuracy.)

5 E A R A AR A R B IR L A, R R BB R, IRE R AL U8 B AA0°C RI40°CHEE 5 S HUE I B &
%i%4 REBNDBEEBERENRIEERE, FE—- D2 MR RF RN ERHT).

. Approved SOPs for measurement systems (e.g., thermocouples) require calibration before use and calibration checks
after use.
MER G e, Fe s BT LA AT DTG HATRES L L EAE 0 ERENRL.

. Equipment is within its calibration period.
BB A H AT 4

Consideration should be given to the fact that thermocouples and other temperature sensors occasionally malfunction, break, or
fail after calibration. Strategies developed by industry to mitigate this risk include:

oA BB RBAE S LR AR BBREREE KR B, KRB M. AT T R D 3 A R 1 R B
by WL

. Specifying that at least 90% of the sensors must pass post use calibration tests. This strategy ensures that sufficient data
are available to demonstrate temperature uniformity.

Z 0%k 1 KB R I8 B AR K. X SR R R RS B B AR W IR JE A

. Placing primary and secondary probes in known critical locations, such as hot spots or adjacent to control probes. If the
primary probe fails, the secondary probe can be used to evaluate system performance.

LI RN BERE X5 K5k, i, RO SRR ERERL. WREGHRLRK, RELTH T
MEA R Gtk i

4.4.8 Reporting Criteria
FA448%: EELRAE
Criteria for reporting OQ results are as follows:

WMEZBITRHNERET BT

. All criteria are recorded, and original data cannot be altered and are available for review.
BRFHET AR, i ERERIE, FEAFHE.
. A copy of the calibration data is included in the qualification package or report.
TER AL AR o R A Bl i B
. Data are displayed with the minimum and maximum temperatures of each thermocouple or stand-alone recording device

used during the study, the graphs are attached, and the data are within the specified range for the protocol.

BANBEEFEERAR PFEANELRBERELRFTRERDERARE, M ELEE, FEBEAF EH
5 R 5 B A

4.5 Performance Qualification
HASF: ML

The purpose of performance qualification (PQ) is to verify that the transportation system functions consistently within the required
process range of operation under expected loads in an operational environment as defined by user requirements and established in
IQ and OQ. PQ may be executed as soon as all prerequisite 1Q/OQ testing is successfully completed, reviewed, and approved.
Specific testing requirements and acceptance criteria are defined in the preapproved protocol or relevant material specifications,
SOPs, and regulatory guidance. PQ testing should be conducted according to the approved SOP, and consideration should be
given to including extremes of empirically obtained (preferred) or published seasonal temperature variations.

MRFAENEN TR IEFHAEAE - NCEEH P ERIEF CEELERING BTHNPELNEBITIHRE, &
%%%%%E%ﬁ%f&kﬁ@@ — M, EREHNGBITFINNRKIT A LR AR R T, Mo, MR
W LA, EFEMAEN T ERA KM, ERENE. BTN ERENNRERSET g, &
8650 A N 4% B L2 R AT E SRV AR R S, RN 4 3 AR S e TRAR th (FT BUE) B AT B TR T A AL A
WA E.

Acceptance criteria for PQ should establish a high degree of confidence that temperature control process or equipment
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performance is both effective and reproducible. All activities related to the execution of PQ should be formally documented.
ML -NEEEEMEFANEIE, BEEH AR RERERARITEL. NEXNREHALS LHME
BN K E B

All qualification testing equipment used during PQ should be calibrated against NIST or other traceable standards and documented
in accordance with a facility calibration plan.

P 7 e e A e A A TR A R 2 T 36 (B (B AT o BRI 5 BT (NIST) B 2L 2 W7 38 AT v AT RO, JF % 1B
T BB T R AT IR

A system description (with boundaries) should be either included or referenced in each PQ protocol. Typical PQ verifications can
include product, load unit uniformity, or open door recovery tests.

EENMERBINTEFRAEISFREE R LR, BRAEEHARIETEERSE. RERLTHIM, &7
I BRI

4.5.1 Product Tests

%451 F R

Production materials, simulated product, or “empty” containers can be used to test temperature control system performance.
W AFAR . BT R, K% RERARMBRZEE R AR,

4.5.2 Loaded Unit Temperature Uniformity

F4527: DERRETREHOM

Loaded unit temperature uniformity should typically be tested with maximum use and/or individually specified tracking systems
within the units and tested with wired probes or standalone recording devices to demonstrate acceptable system/process
performance.

2 R TR E A el R ROR R, A/, DA R L AR R B R R AT, I SR Sk Rk
IR R B BOE R G R e TR

4.5.3 Open Door Recovery
%453 %: FIIKE

All transportation systems experience interruptions in which the system’s integrity is broken (i.e., ambient air is allowed to enter)
during, for example, loading/unloading of material or personnel entry via an open door. Testing should incorporate assessment of
the system’s ability to recover from this condition. This testing should be geared to the system’s operation. The environment in
which the doors might be open as well as how long the doors might be open and perhaps the frequency of door opening should be
taken into consideration. Criteria for this test include that the system returns to the required temperature range within a reasonable
timeframe (that, ideally, is supported by stability testing). Ideally, the open door recovery test is performed concurrently with
temperature mapping studies to ensure that all areas in the system have recovered from the disturbance.

FrE 2 A RM BT, FF o A RA BRI 6 TN ], R G2 MR (] e, BRI S R H#HN).
MBS RGN R AR AR, K 5 R REAT — 5. RAEEITH RN, 1A 2K, I
TR, M EE SN EER WA GRAZ S &EREEEGEEN, NEARZMKAG ). BEH, I
ITRE MR 5 R AR L L, FR ARG REM AT FRE.

Open door testing can be performed in a variety of ways. One option is to test whether leaving a door open for a predetermined
amount of time (established during engineering runs or during commissioning) does not cause the system’s contents to experience
an excursive temperature. Another option might be to test the extent of an out-of-specification condition during an open door
condition representing the worst-case ambient condition. Test criteria for this option are for the system’s temperature to return to
the specified range within a period of time that is acceptable for the system’s contents. Such an approach would require input from
the manufacturer regarding an acceptable time limit.

FETTIRA A [/ 6 7 R AAT . — AR MR T TR By — R 9 5 8] 0 I B B (8 AR 3247 o e 0 ) 2 o ) - &
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4.6 Additional Considerations
% 46T FHEE

4.6.1 Temperature Monitoring
%461 % HEEMN

Temperature mapping studies for any CES can be performed as part of either or both OQ and PQ. These studies should be
performed in an empty chamber to minimize any influences from conditioned or unconditioned thermal mass inside the CES. An
empty CES map is normally developed during OQ. The data collected as part of these mapping activities can be used to help
identify cold and warm spots within the unit and where best to locate the unit’s controlling or monitoring probe(s).

X T T 3 4 3R 8 e i R A B 58 BE VT A A 3B AT A WA A P e o A i — B ok S M. X SR O R R
EHHAT, URDPEXBEARELZHNCEIRAL YT HAEATEY . — NSO ERF R RE 2 H—ffkia
TRINETT R R E S 20— AR R B N T B PR R T WA R B, RO TS S R R
{rE.

Once the extremes of time, temperature, and mass/volume are defined, the products to be placed within the CES can be evaluated
to see whether they fit the system’s bracketed temperature and mass/ volume ranges. It is helpful to measure the mass and volume
of the individual materials or products that comprise the payload to define the weight and density of the minimum and maximum
payloads.

—EHRR AT RE . R/, M GRBAREAREENN TR, RERTHRIEERAR KRS RN
BE R E/AFUEE . MR AR &R SRR, BENTAAR, RAARDERAFURETNERESFZ
AR,

Once established, the bracketing can be applied to the payload, no matter what material is to be shipped, as long as it falls within
those bracketed guidelines for temperature and mass/volume. The dimensions of the production material should be considered
when the size of the CES desired for the transit lane or storage space is evaluated. Evaluation factors for various active
temperature-controlled transportation systems include the desired minimum and maximum payload space; use of truck, ocean, and
air cargo space; and optimization of dimensional weight.

— BN, BRASRAOBRETHSEMER, TLRERNR4 208, REREXLREE RE/MRE XS &
N E . YRR TN Ea A RS S I E R MR e, B E A AR A RA R
REXEZRARTNEZCERN LR RARARARENE; FFEH, BRrE5RaRE, ARTEE AR,

It is not a regulatory requirement to perform temperature mapping in both OQ and PQ, and, in practice, only one mapping is
usually performed. The approach for temperature mapping studies can vary due to regulatory requirements, product requirements,
and company policy. If external thermal stress poses a risk (e.g., the cold room is adjacent to exterior walls), then temperature
mapping should account for the peak temperatures of summer and winter seasons to show that the unit can maintain the desired
interior conditions for the desired product load size or range of sizes. The temperature map is a measurement to ensure that
process or equipment operation meets the desired performance standard.

TEEATHON G M FA P M SR AR RARER, WHASLERT, BERNIE-MRESFHE. R
B AR R 7 T AR SR i ER UK A AT AL RTAR. RN B I —ARE ] 4o, A RATSNE),
LML YL N R E R GAREN o B, kB ZWIE e G 3 M0 7 i R R TSR T TR B T B2 9 1k
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It is recommended that three-dimensional temperature profile assessments be conducted using an appropriate number of monitors
that are spatially organized based on the CES’s size and shape. The monitor’s placement points (top to bottom, left to right, and
front to back) should be in accordance with the product’s placement within the normal useable area of the chamber or unit. This
topic is further discussed in Section 8.2.2.

WHETEE ISR AR TSR, 2 WA 20 4 30 0 B 5 = 4R OO IT A . SRR R A
LR NERE . KRB A6 RERERETAEFER KRS E. X —F 2R E82.27 F#AT T k.

No definitive standard exists for the number of locations identified in any unit to map a three-dimensional space; however, the
study must meet the original intent of demonstrating three-dimensional uniformity/compliance with product requirements. It is up
to those responsible for conducting or executing the qualification exercises to prepare a justified approach and rationale for the
study.

AT = R MR AR B R R TR R AR (R, W LA S R A
FamERNEEEE, Bk, SR BATH N RE TR A MR R 7 R DLRAZE R R AR
For active temperature-controlled transportation systems, a single test is sufficient to establish acceptable temperature control

functionality. Users can test multiple units or every unit based on the active system’s design, its demonstrated consistency of
operation, available process controls, and/or the product’s needs. Temperature mapping should be performed for an adequate
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length of time to demonstrate acceptable performance over the range of operating conditions. Consideration should be given to the
amount of time required to cool the unit down to the predefined temperature range, defrost cycles, day-night cycles, or other
factors relevant to proper system operation.

HTHRABEZEENRE, A-NMURCERGELITETNREZESR. ETRENERIE, AP TR £
METEENET, HEWEAT. SREN, /. FeRR M. NARY K R SERE SA TR, RIEW
BAZTHREREE R THEL. NERANE TR TURRMERFTER. RERHE. BEAN, RARETHETHLE
AT R KR

During the qualification process, the principles of repeatability and consistency established in the VMP apply to the operational
qualification design concept when determining the number or frequency of requalification tests to perform. Differences in the
qualification process between fixed installations and units used for transportation are addressed in the sections on each type of
active transportation system below.

NI, AR T ERARA KB RSO R , AR R P LA — B A AR
FBATHNEIES. EEES M REMA RN ETRALEH AR S HREMME R ZRULE T ER.

4.6.1.1 Bracketing Load Development
F46117W: RAFRNERITL

During qualification, temperature mapping studies can be performed under anticipated conditions that bracket pre-defined
minimum and maximum loads based on actual use conditions (4). The following are generally true for any temperature-controlled
space:

NG, TS A&, TETESITHR AL RADRBETLAMSTTEERZAH K@) EFANE
JE AR 2 ] DU AR R I Y

. Increased thermal mass has increased “thermal inertia” or temperature stability. Provided that loads are within the
desired temperature range, increased or “full” loads represent a “best-case” scenario.

BRI A RN SRR, ERMENRE T R, MR ERRE AR
.

. Conversely, the largest occupied volumetric space in the container can represent a worst-case scenario because the
volume can disrupt airflows.

B EREHWEERAZETRE - MRERS, BARRLESER.

When qualification of a range of load conditions is desired, CES mapping should be performed for both the minimum load (having
the lowest thermal mass) and maximum load (having the maximal disruption of airflow) conditions. Minimum loads could consist
of a minimum product load or, taken to the extreme, empty containers. Maximum loads should reflect anticipated maximal
volumetric loads with mass that is equal to or less than the maximum intended product load. The minimum and maximum load
conditions should be defined later in the SOPs so that operators do not exceed the qualified level.

NI B A AT T, AP IR S R B R R AR ) 5 R A AR T A
BHRIEATRR. BAERATERNFBER, SURMARFORA, B8, BoA%E ARk BA BRI S R IH,
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4.6.1.2 Mapping Product Temperatures vs. Air Temperatures
%4612%: FRBESHEEARE

Active transportation systems can be effectively mapped by measuring air temperature inside the CES as an indication of
temperature control system operation. This information can then be applied to a flexible range of product loads. For a method that
is specific to a particular product configuration, product temperatures should be mapped using either an actual or a simulated
product load. This product load should have the same product thermal mass and packaging properties and quantity as the intended
product’s load configuration. Air temperatures can be effectively mapped during either OQ or PQ. Product temperatures re most
conveniently mapped during PQ.

N AR IO AR R AR R AR AT I8 AR P AR TR O IR R R AT IR T AR A
ENMEREA T RERGREREH. S TREZTRASBELN T E, AEH-ADEFE - MR~ RER, x
FRBEHTRESAFR. TN EERFTEAMANT BN ERCERME, WATHN» HEL. EETHIAK
MR IA T, N AREEBIHATRESA R . EREEAT, T R ATE R R
4.6.1.3 Locating Warm and Cold Spots
%4613 #HmGHAEE

Mapping studies can identify areas immediately around the product’s location that experience the greatest variation from the
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setpoint, including the highest and lowest temperatures (the “warm” and “cold” spots) in the unit. An examination of the
temperature map enables a determination of the best monitoring positions within the unit if the intent is to measure the CES’s air
temperature during shipment or storage. The warm and cold spots established through empty chamber mapping can be used to
determine where to monitor product temperatures. Periodic remapping can identify when the degradation of insulation over time
causes a variation in the locations of warm or cold spots (see Section 3.2.1 above).

BESAARTRRELTKERE S RAEELR P SR TERARMGE, BFRESRMBE(R RE “A”
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4.6.1.4 Duration of Mapping Studies
% 4.6.14 % WRE AR M A

Mapping studies should be performed over a period of time to demonstrate consistent performance. With active temperature -
controlled transportation systems, monitoring performance over an extended period of time can be more useful repeating the tests.
Mapping studies should also account for worst-case, seasonal, ambient temperatures. An example of a conservative approach for
an active temperature-controlled container (truck/trailer, ULD, or multimodal container) is to map a container during transit using
a worst-case route (season dependent) with actual product.

JiE A — A 6 6] B R SE AT AL, ROEWAME R — B, A TR RSB EW ARG, R M g e T A
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A more aggressive approach using a stationary active temperature-controlled container could limit the mapping study to one or
two days. It could be justified that within a 24- or 48-hour period, the container will have been subjected to the various conditions,
such as compressor cycling, day-night cycles, and defrost mode. In addition, when a trailer is standing in the sun for a long time,
the convection/airflow around the container is minimal and, thus, might have a bigger impact than when a trailer is moving.
Test-to-failure studies of both high and low temperatures (e.g., performed either by the active system manufacturer or the user)
would also indicate the extremes of ambient temperature that the active system can withstand.

—AEgn F AR B A RNBEZEERNE, RRESAH R B EIR2R. LMY, £24548
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4.6.2 Periodic Review of Qualifications
% 4.62 T HoAg M E

Since all processes and systems vary over time, periodic reviews are necessary to ensure that temperature control system
performance remains within defined parameters. Periodic review activities can be based on historical performance as documented
in system history files. If there is an indication that the system has changed its performance level, this should trigger an
assessment, repair or replacement, and requalification process.

AARBRSRAEMARENTRT AR, FELHBATEFY, RAREBEZIBRAERRTECENTNER
FEN., EHEMFHTET AN AR IRFN L RRE. DREHERTRGRRATRE, MLRE T
b EBRESR, REHHADE.

The frequency of periodic reviews must be documented with a quality-approved rationale. The rationale must be based on
predefined control parameters with specifications along with an ongoing data trend analysis that ensures that the temperature has
been maintained within the specified parameters. In addition, risk assessments and historical performance data demonstrating that
control parameters have been maintained for the intended use may be used to determine the frequency of periodic reviews.

FEH AL IR GO IR A T Mo B B AR — D . AR RN A6 AT W R E R A A AT O B o A
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Periodic review includes the following elements:
EBERAFETIESR

. Cumulative impact of all changes made during the review period to determine whether the qualified state has been
affected

EFGHE, AR EYRm Bt Hm kARG AR AR 8.
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. Operational monitoring data to review trends in critical performance parameters to evaluate any impact on qualified
state. For a CES, these data should include temperature monitoring data. Data to review include process monitoring
reports and documentation from any applicable supporting systems.

W RN R SR B BT ENRYE, RFEA 2R AREHN G, T - ML EFERE, XERFENE
FERE M AR AL B R T R G AT Y AR B R G U

. Report of discrepancy trend(s) that includes event types, assignable causes, trend assessments, and any corrective actions
to address the trend. Discrepancy trend reports should be reviewed to assess the potential impact of discrepancy trends
on the qualified state.

THEARRS, BEFEIA MERE. BTG, UREAHERE, SRS, LA FHTEE4
iR, AT G R AT A BT

The need for further action, including requalification, must be assessed when a periodic review or an alarm identifies adverse
trends in performance at any time from monitoring the review elements. Such qualification studies should address the risk
identified in the review. This can include any specific test that is typically part of OQ or PQ.

LR ERE - RERRETHECRE RN T FERER LS RS, FEH-FSRE, GEEHREL, L
FTIFAE . R R AT 50 AR OR AR AL P L B U, 3 WAL 38 — ARAE N 3B AT 9 A B0 B 9 DA B — 30 20 B 4 E IR

When a periodic review confirms that the system is consistently producing results that meet its specifications and that no changes
have been made to the qualified state, requalification is not required.

YERHEFMRAZR G EHEEABTRE-BER, FRAEHALERARSHATHRE, WLARAFEEH
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4.6.3 Leased Assets
%463 HEKF

The qualification of temperature-controlled shipping or storage spaces and processes that leverage leased assets presents a unique
challenge to supply chain participants. Most active systems are owned by firms that are not subject to GMP or good distribution
practice (GDP) regulations. This raises questions about how to adequately ensure product quality when leveraging these assets.
Using a combination of vendor and process controls, it is possible to qualify shipping methods using leased assets in a manner that
ensures patient safety, product quality, and regulatory compliance.

LG5 7= 77 5K B IR R AR R A An 7 i 8 D) g AR A O A R K R R — - BBk . K £ BOR R R AR
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The general recommendation of this technical report is that processes be qualified with equal rigor regardless of whether the assets
are owned or leased. Pharmaceutical manufacturers, wholesalers, or distributors may elect to participate in the qualification of
leased assets, leverage the qualification of a service provider, and choose between individual equipment and family qualification
strategies as described in Section 4.6.4.1 below. Whatever strategy is selected, firms must ensure that adequate controls are in
place, which can include process monitoring, quality agreements, vendor audits, or other controls as appropriate.

APEAREN R ER, TRZK7REEZGHELERE, BRAAGTEN BB RMEN. 5L,
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4.6.4 A Family Approach
% 4.64F: HEF A
When risk assessment allows, a family approach to qualification can be appropriate for firms seeking to maximize operational
flexibility.

LR P RV, 7 S OA T A A TR ORBAT REM A
4.6.4.1 Defining an Active System Family
%4641%: EX-MNERFGK

As with any qualification approach, a family approach requires firms to identify the attributes that define the system being
qualified. These attributes should be included in a service contract or quality agreement with the service provider. The family’s
attributes are typically confirmed during IQ, when a determination is made that the components are similar enough to be treated as
a family. This ensures complete mutual understanding of the capabilities of the active temperature control system and service and
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helps manage compliance with the service provider. This approach enables manufacturers to lease equipment in a clearly defined
family from different suppliers at different times and still operate within the qualified process parameters.

With a properly defined equipment family and adequate controls, equipment within a defined family can be qualified by a strategy
that includes OQ and/or PQ.

S5RA-AHAT X, RTEFELCVRRRARAANCR RN B, JLEENESERERS RS
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The technical details that define a family of leased equipment must ensure that product quality is maintained. Many factors drive
system performance. Examples of the factors in truck systems that might be critical to product quality are listed in Table 4.6.4.1-1.
It is recommended that firms use appropriate risk-assessment tools, product quality requirements, and technical specifications and
studies to determine the appropriate definition of an equipment family.

WA —PMHFERERANEAR AT LARRRT R RE. WEREFPHARMEE. FEREXN SBRE T M
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Table 4.6.4.1-1 Examples of Critical Factors for Temperature-Controlled Truck Systems

F464.1-1: MEZEFRFERERENT

Type and quantity of insulation

B R ESHE

Critical dimensions (e.g., 53-foot-long trailer)

KRBl 4o, S3ERKHS)

Cooling capacity (or excess cooling capacity at specified temperatures)

1A e 7 (A A IR ST AR M B4 R A7)

Use of a calibrated temperature control system (re' §4.3.4,14.4.7 above)

FEF — AN ROR BB R R, LRE434F 584475

Grooved or flat deck, depending on airflow needs at the bottom of the load

WHRBTE, A TEERRTTEENAR

Air delivery chute to distribute air to the rear and sides of the trailer

AR R AT S AR B S S |

Maximum age of the trailer (e.g., due to insulation degradation over time)

B RF LB Ao, B APRIR S o E 1 A2

PM program in place (see Section 4.3.3 above)

EW R R (5L LR E4337)

Continuous or cycled airflow

HEEHPEHAR

Fan speed setting
B JZ %

After the family definition is complete, it is necessary to ensure that suppliers deliver the correct assets. Of primary concern is
clear communication of expectations and proper documentation. Suppliers and service providers need to know what is expected to
ensure that they can meet the requirements. Two common forms of documentation of these requirements are quality agreements
and contracts that describe all of the technical requirements of the leased assets. Firms that lease equipment are encouraged to
have legally enforceable documents to ensure adequate leverage in the event that incorrect equipment is delivered. In addition to
technical requirements, firms might require suppliers to provide documentation upon the equipment’s arrival at the shipping site
for use in process control.

TSR IR R XG> S HR RGN A ST E B . EENERES R TN G B s a4
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4.6.4.2 Process Controls
#4642 %: AEEH

Process controls for the use of leased assets are critical to ongoing success. Vendors might be called on to provide evidence of
calibration, periodic maintenance of equipment, and technical data for the transportation equipment (e.g., cooling capacity). In
addition, firms leasing equipment should consider which internal controls are necessary to ensure adequate shipping system
performance. Table 4.6.4.2-1 identifies process controls that might be critical to protect product quality.

FTHERTHNRIEEXN TRERGRE RN, RUALFE AR MEEOE. KE&ETNEP, REREEY
REHE Ao, BIA AR, Wi, DPHETRENFEFENLENBBERARERNRGH R BHNME. £464.2-1
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Table 4.6.4.2-1 Critical Process Controls
#4.642-1: REFBEH

Loading pattern (e.g., centerline, required minimum distance from the walls, cooling unit)

REFX(lw, 0%, ERNEEEE. #LETRDES

Product preconditioning requirements

R R AR K

Shipping system preconditioning requirements (e.g., at setpoint prior to arrival)

B ARG TRAEE R 0, BEMATRAEM)

Ensure loading within specified time limits

R AR A A R PR A

Use of routine or periodic monitoring

7R AL B 2 B

Ensure that loads do not exceed loading limits of equipment (e.g., maximum height in trailer)

ARERARE R SR 0, EHFAFAER)

Visual inspection of equipment prior to loading

T8 R HOT X AT AR AT B

Equipment used to secure the load (e.g., cargo straps and load bars)

RR R LR R 2, WAL 5 R R A&

Equipment cleanliness

V& s

4.6.4.3 Qualification of Active Temperature-Controlled Transportation System Families

®4.643F: HERNBEZEEH B RERA

With a properly defined equipment family and adequate controls, equipment may be qualified by a strategy that includes OQ
and/or PQ. It is advantageous to include PQ in the testing strategy of active systems due to the importance of process controls,
such as product preconditioning and loading pattern. In addition, regulators often expect to PQ to be completed for shipping
methods of significant importance, such as lot shipments by trailer, ocean container, or ULD.

WA EA R X ARG RS, RETEAEREETHIL, f/dk, HRfAnFEERfL. aTIREGNER
M, EWFE R KREA, Eﬁﬁﬁ%%ﬁﬁ%%#@%ﬁ ERIAERS. WA ARBINLEFFENRHE
RHER T, W, FHEER, DR SR KB & (ULD)#AT I B 5 A

Firms can perform concurrent PQ for active temperature-controlled transportation systems. Some active systems (e.g., trailers) are
too large for typical temperature-controlled chambers, making laboratory testing impractical. Thus, it might be appropriate to
conduct PQ during shipping. In such cases, firms must remain cognizant of regulatory expectations, thoughtfully assess product
quality risk, and define the process controls needed to protect patient safety. Risk mitigation during concurrent PQ can include the
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use of temperature monitoring equipment in each shipment to demonstrate adequate process control.

AT E R AR EXEERAGEAFE S R, —LHREXR R o, 65T RAENRE X B EREAX
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It is recommended that firms only conduct concurrent PQ if prior experience provides sufficient confidence that the PQ results
will be positive. This can be achieved through documented process development studies in which surrogate materials are shipped
and product mass and volume considerations are taken into account. For example, shipment of water-filled vials instead of product
allows firms to prospectively evaluate a shipping method prior to committing resources to a formal qualification.

WREWHZBFREERHANERETEMN, EHESCL UL P RHIL, X7 ERIDRGER
BRI EEER TR ESEP IR RXF LR AE. flo, ERAZEXFATIFEN, BB ZAGDEER
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When a risk is found to be acceptable, the use of a family based qualification strategy can enable firms to increase operational
flexibility while ensuring product quality, patient safety, and regulatory compliance. For this strategy to be effective, adequate
vendor and process controls are necessary. Vendor controls can include audits, enforceable contracts, or other appropriate
measures. Process controls can include equipment inspection on receipt, routine monitoring, or other defined activities. In this
manner, firms can efficiently achieve business and GMP goals when shipping with leased equipment.
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4.7 Comparisons of Similarities/Differences of the Four Active Transportation Systems

%47 %

T A IR

R G D R R b B

Tables 4.7-1 and 4.7-2 compare the similarities/differences of the four active transportation systems.

RAT-15RAT20 BT WA A IRESR R RN .

Table 4.7-1 Typical Properties of the Four Active Transportation Systems

RAT-1. WAH R G AR

System Size Control Ranges (°C) Portability Power Requirements

2% R+ #H EE(C) & R T R

ULD LD1 (92 %60 % 60”) to LD11(125 x 60 x 64”) -20to 25 Via air, truck, rail, or ship Battery independent or electric power
HA R JALD1(923 + x 603 < x 603 <) ZILD11(125 | 00 z)25°C GRE. FE. K. M | BT RS R

FEF % 603E < x 643E )

Temperature-controlled
truck/trailer

BEZERFEF

20, 40, and 53 ft, on average, in North America
and typically 13.6 m in EU, as small as 8 ft for
specialized applications

fEALE, TH20ER. 40ERE53ER; £
W, —&K13.6k. ARG E, HRERMY.

-30 to 23, on average, and up to 33
or more on specialized equipment

S H-30°CE(23°C, #F —seib sk
WAEKFICREH

Via truck, rail, or ship

GFF. %E. M

Diesel, self-contained generator, or electric
supply from vehicle up to 240/60

Wb, B KN, FHEIR240/600EE

Temperature-controlled
ocean container

BEZEREREHE

20’ and 40°
203 R #1403 R

-30 to 23, on average, and up to -40
to 55 on specialized equipment
F#-30-23°C, ATk S
i JZ 8, Bl 5-40°CE(50°C

Via truck, rail, or ship

GFF. %E. M

Self-contained diesel generator or electric
supply from vehicle up to 240/60

B E B, F R B IR240/6011 &

Cold storage unit

AT

From 3 cu ft to more than 10,000 cu ft.
JA33L % 3 R 2(10,0003L 77 R

From -80°C to +20°C Common
setpoints:

JA-80°CH|20°C— % B &
-70°C
-20°C
+5°C

+20°C

Generally limited to facility
or offsite locations with no
movement of storage units

— MR TR AT XA
TR TR

From 110/40 to 460/80 hard wired to main
service at all times. Generator backup
(either diesel or liquefied natural gas) can be
hard wired to the units at specified power
need.

1 B BT S B 110/40 2)460/80 4
BERABEEMEEMRS. LHL(EER
HURMRRRDTEE TR AERE R
HE NS RER.
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Table 4.7-2 Temperature Control Properties

FAT-2: BEE MR

System Accuracy Ramp Rate Defrost Cycle Required
A5 B E ZRE TR M E R

ULD +/-3°C average Varies Varies

BB R A FH+/-3°C B2 ZH

Temperature-controlled
truck/trailer

BEZERFEF

+/-3°C average for subzero setpoints, up
to 0.5°C for temperatures of 10°C to
30°C.

HFBEEETHRE, TH+-3°C,
#Fil B AE10°CE]30°C, #0.5°C

2°C to 4°C per minute, depending on test
conditions

WA TR &M, Go42°CE4°C

At setpoints below 0°C, the average defrost cycle is usually triggeredly
startsof containers every four to six hours by a 20% increase in temperature
from the setpoint and each cycle lasts up to 30 minutes. Alarm and operator
input can increase the durations of these cycles to compensate for frequent
door opening or extreme ambient conditions outside the container.

TR FAMMET 0°C, FHRFAM BERBERBTHRAR ML,
B 00/ 2] D BEA R AR iR K 20%5F 8 AR B S 30 a4
L 5B AEA TR DA o2 8 0 DUSR AR BT T R R A MR
HALE.

Temperature-controlled
ocean container

BEZEREREHE

+/-3°C average for subzero setpoints

HTEREREZTHRE, FH+-3°C

2°C to 4°C per minute, depending on test
conditions
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At setpoints below 0°C, the average defrost cycle is usually triggered every
four to six hours by a 20% increase in temperature from the setpoint and lasts
up to 30 minutes. Alarm and operator input can increase the durations of
these cycles to compensate for frequent door opening or extreme ambient
conditions outside the container.
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Cold storage unit
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0.25°C to 3°C
0.25°CZ(3°C

1°C to 0.25°C per minute, depending on
test conditions
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At setpoints below 0°C, the average defrost cycle is usually triggered every
four to six hours by a 20% increase in temperature from the setpoint and lasts
up to 30 minutes. Alarm and operator input can increase the durations these
cycles to compensate for frequent door opening or extreme ambient
conditions outside the container.
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5.0 Temperature-Controlled Trucks and Trailers
FHE: REXEFFHHRE

Although refrigerated trucks and tractor trailers are similar in many ways to other vessels used to store or transport
temperature-controlled materials, trucks face additional challenges because of the ambient, dynamic conditions that result from
their exposure to changes in weather and the day-night cycle while in transit. Heat loads are much more dynamic because of
greater convective heat loss/ gain due to motion. Product loading in the vehicle, including variances in payload size and placement
within the vehicle, presents additional challenges. With a properly qualified and controlled shipping process, a truck can
effectively protect product during transit, limiting the need for additional protective packaging.
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5.1 System Description
#5101 ZAHER

The active systems employed for trucks consist of an attached cargo box (commonly called a “straight truck™) or a trailer pulled by
the trucks that is equipped with a TCU mounted on the leading end of the truck’s cargo box or trailer. As described in Section 3.1
above, inside the CES, conditioned air flows through and around the product or other cargo. The air is cooled or heated to the
required temperature in the TCU and then blown into the CES near the ceiling. Air in a truck or trailer is circulated from the front
to the back and then returns to the TCU along the floor. Trailers sometimes have a slotted aluminum floor that facilitates the air
movement’s return underneath the cargo. The temperature of this returning air is measured by the TCU to calculate the necessary
input air temperature. The TCU setpoint and the temperature inside the CES are visible at all times on the display on a TCU’s
external control unit or an independent data logger system.
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To provide a more stable temperature environment in the CES, the TCU should be set on “continuous mode.” In continuous mode,
the unit provides a constant supply of air to maintain the desired temperature range, resulting in a flat temperature profile.
Alternative “fuel-saver” or “start-stop” settings turn off the compressor and fans until the temperature reaches the limit of the
established acceptable temperature range before reacting with a surge of cold (or warm) air applied in one large, quick application
to drive the temperature back toward the opposite temperature limit. In these alternative modes, the resulting temperature profile is
full of spikes from one end of the temperature range to the other. The impact of defrost cycles to produce temperatures outside the
desired temperature range is multiplied when defrost cycles are combined with one of these start-stop cycles. For this reason,
normal operation and qualification testing should be done in continuous mode for pharmaceutical transport.
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The cargo area in temperature-controlled straight trucks is normally between 12 and 24 ft long. This is short enough that the
unassisted TCU fans can push air with sufficient speed and direction to reach from the front to the rear and the top to the bottom of
the CES’s interior. Trailers up to 53 feet long often have a chute used to channel the air. In long trailers, the flexible chute focuses
the airflow from the TCU, dispersing it gradually over the trailer’s full length to provide uniform temperature control throughout
the entire space. The cargo must be stowed in the truck in such a way that the flow of air is not interrupted. Care must be taken to
ensure that air can circulate across the top of the load and down the back and both sides and that the air has an unobstructed path
along the floor to return to the TCU.
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Truck temperature control systems are designed to operate optimally with cargo that is preconditioned to the desired shipping
temperature. When preconditioning is incomplete or compromised during the shipping process, it is even more important to also
position and secure the load in a way that allows air to flow within and between the boxes or pallets of cargo.
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Truck loads are subject to the forces of inertia and vibration as they travel over the road. Once a load is properly placed within a
truck, it must also be secured sufficiently to avoid movements that would result in damage to the load or shifts in position that
result in airflow blockage. A system of E-Track, E-Track shoring beams, and/or ratchet straps and floor rings can secure cargo
against movement. Use of a two to four inch spacer made of almost any convenient material and laid along the side edge of the
floor is a simple technique that can prevent shifting of cargo against the wall.
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5.2 Qualification
FS52%: A

This section highlights the differences between the qualification approach taken for trucks and the general approach for active
systems discussed above.
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Transportation of biopharmaceutical materials is generally performed by vehicles that are not owned by the pharmaceutical
shipper. Section 4.6.3 describes considerations for developing approaches that are relevant to such assets. Guidance conveyed in
the Agreement on the International Carriage of Perishable Foodstuffs and on the Special Equipment to be used for such Carriage
supports the overall intent of qualifying these systems (9). This guidance is useful for creating a specification for units. But it
should be understood that each vehicle performs differently, and serious consideration should be made before deciding whether it
is acceptable to qualify trucks/trailers as families or as individual units. When sensitivity to temperature is high, testing to qualify
individual vehicles is recommended.
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5.2.1 Approach
%521%: FR

General approaches to qualification are discussed elsewhere in this report, including the family approach, and considerations for
developing an approach to qualification for a specific transportation mode.
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5.2.2 Design Qualification/Vendor Selection
%5227 Rit#ik/ 3%

The main challenge with formal DQ for temperature-controlled trucks is that, typically, carriers/operators are distinct businesses
from the manufacturing company. The lifecycle’s design and specification portion occurs outside a GMP environment.
Furthermore, carriers supply transportation services to many different clients, including those outside the regulated industries.
Therefore, a common risk profile for products and design requirements could be difficult to develop. For this reason, DQ in most
cases cannot be reasonably performed for temperature-controlled trucks.
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In lieu of DQ, the manufacturer should assess the vendor’s capabilities, technologies, and systems in the context of the product

and GDP requirements, which might have been entered into the carrier agreements. These requirements should be formalized and
provided to prospective vendors and should be included in the business and quality agreements between parties.
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5.3 Installation Qualification
%53 TR
The approach for IQ for trucks is the same as that in Section 4.3 (IQ), with the following additional considerations.
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5.3.1 Procedure Verification
%531 % AR

Procedures that might be specific to trucking processes include those that pertain to TCU operation, including startup checks and
procedures and, especially, preconditioning procedures to ensure that the unit is at the required product temperature prior to
loading. Verification that these procedures are in place should occur during IQ.
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5.3.1.1 Trucks Used for Courier Routes
%5311 %: ATh@E®AENFF

Courier services or refrigerated vehicles used for pharmaceutical distribution to hospitals and pharmacies also face challenges.
Refrigerated vans have the challenges of lower thermal mass and a potential bigger impact on warm air entering when doors are
opened in warmer climates or during warmer seasons. Multiple door-open events and the time needed for the vehicle to recover
from them can result in the inability to maintain a stable temperature in the desired range. When such vehicles are used as the
primary temperature control method (instead of containers or packaging around the product, for example), procedures must be
established to address this issue, and these procedures must be included in the qualification plan.
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5.4 Operational Qualification
%547 BATHIA
The approach for OQ of trucks is the same as that in Section 4.4 (OQ), with the following additional considerations.
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5.4.1 Power Loss/Recovery and Redundant System Testing
%5417 BEARERITUAR R G

Qualification of a truck should include testing system functionality following a loss of power or fuel or in the event of a system
malfunction. Testing should include a simple loss of power and restart. Testing criteria should require the system to startup under
normal procedures (either automatically or by a predeveloped SOP that the operator follows).
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Other uses for a power loss test are to verify backup systems or identify the amount of time available for contingency intervention.
If the truck incorporates a backup TCU, failure of the main unit should automatically lead to the startup of the backup unit.
Ideally, this testing occurs concurrently with temperature mapping studies to evaluate the backup system’s performance from a
stability/uniformity standpoint. This test can also be used to measure the length of time that the unit can withstand external
temperatures when the power is off, giving a parameter for the amount of time available for intervention/recovery plans to be
implemented if power is lost during transport.
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5.5 Performance Qualification
H 5.5 MEERAIA

Aspects of PQ tests that are specific to transport trucks and trailers include the following.
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5.5.1 Static vs. In-Transit Studies During Performance Qualification

%551 % MEF AR MRS ER®BFAR

Testing is performed to demonstrate that the truck’s performance is not affected by external conditions while in motion/transit.
This does not necessarily suggest that “in-transit” tests must be performed because there are conditions that make stationary or
in-motion studies suboptimal.
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In-motion studies would potentially subject the vessels to the greatest variance in temperature over a short period of time. For
example, an extreme climb and descent through a mountainous region could subject the vessel to vastly different climates.
However, a truck in motion would be subject to minimal solar heat gain relative to a static truck because much of the heat gain
would be lost from convective heat gain/loss. Therefore, while in motion, the truck would be almost entirely subject to ambient
temperature heat gain/loss only.
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A simulated environment might be used in which a truck is subjected to a single worst-case temperature over the study’s duration.
However, if that worst-case temperature is 40°C or -40°C, it is extremely difficult and costly to develop a controlled environment
large enough to house a 53’trailer, for example. Furthermore, such an approach would not necessarily demonstrate the possibility
of solar heat gain (although this could be accounted for by a higher and/or rising temperature over time). Such an approach would
also not necessarily recognize localized heating sources that are outside a transport vehicle (e.g., hot asphalt or rolling tires).
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Therefore, it is generally not necessary to test specific lanes of transport if the specific lane’s conditions (or the worst-case
conditions of a set of lanes) are accounted for during testing (e.g., for ambient temperature extremes). This is because, as an
actively controlled system, a truck simply reacts to temperature differences on a continuing basis and should continue to do so
provided that there is sufficient energy or fuel to operate the TCU.
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Ultimately, the manufacturer and service provider must provide a suitable rationale for testing using the selected approach.
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NOTE: Consider also that the unit is plugged to electricity, when on ferry crossings or parking for example.
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6.0 Temperature-Controlled Ocean Containers
FAE: REXERERRA

Temperature-controlled ocean containers are similar in many ways to other vessels used to store or transport
temperature-controlled materials. Ocean containers face the same additional challenges faced by refrigerated trucks because of the
ambient, dynamic conditions that result from exposure to changes in climate while in transit and variances in payload size and
placement within the vessel.
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The strategies described in Sections 4.0 and 5.0 above for conducting temperature mapping and qualification studies apply to
temperature-controlled ocean containers. The main difference is that due to the practical difficulties associated with resourcing
ocean containers, the qualification effort is most profitably focused on the family approach, with a strong emphasis on process
control rather than on qualifying individual containers. A family approach to qualification is discussed in Section 4.6.4 above.
Therefore, the emphasis in this section is on the implementation of approved and controlled processes and procedures supported
by detailed agreements between the shipper, freight forwarder, and/or carrier (e.g., a service-level or quality agreement).
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6.1 How Intermodal Temperature-Controlled Containers Work
%6177 BEXEERERETMM TE

Valuable, temperature-sensitive, or hazardous cargo often requires the utmost system reliability. A temperature-controlled ocean
container consists of a standard ISO container (i.e., intermodal container) and an integral refrigeration unit. The refrigeration unit
is mounted on one end of the container. Air is cooled/heated to the required temperature in the condenser unit and then blown into
the container and flows through and around the goods.
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In temperature-controlled ocean containers, the air flows through the container from the bottom to the top. Often, these containers
have a “T-bar” floor so that the air can move underneath the product. This air is blown in through the gratings in the floor and then
drawn off again below the container ceiling. The circulating fans then force the air through the air cooler (which also acts as the
evaporator in the cold circuit) and back through the gratings into the cargo area (Figure 6.1-1). There is a maximum load height
marked on the side walls that allows the air to circulate over the product. The temperature inside the refrigerated shipping
container is displayed on an external control unit so that it can be checked at any time.
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Figure 6.1-1 Airflow in an Integral Refrigerated Container
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For precooled cargo, air only has to flow around the goods because no heat has to be dissipated from the cargo itself. Only the heat
that penetrates the insulation from outside has to be dissipated. To ensure that air can flow around the cargo, the container’s inner
walls normally feature corrugations. Then, even if the goods are stacked directly against the wall, air still flows through these
channels and heat penetrating from outside is dissipated. The goods must be stowed in the container in such a way that the airflow
is not interrupted (e.g., by stowing the goods too far above the load limit line) and to avoid circulation bypasses (e.g., as a result of
free space in front of the door). The air takes a path of least resistance. Therefore, if there is free space around the product, the air
might not circulate around the entire container area. Thus, suitable measures must be taken to cover the entire floor area. A fully
loaded container has more temperatures than a partly loaded unit.
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6.1.1 Process Review and Qualification
%6117 ABFZLHA

The qualification process for intermodal temperature-controlled containers is essentially identical to that of a trailer or active
temperature-controlled ULD. The qualification steps are covered in detail in Sections 3.0 and 4.0 above, so this section reviews
the process steps in a supply chain using a temperature-controlled ocean container. Each process step is reviewed to highlight
potential risks and processes to mitigate these risks.
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A summary of the process steps in the supply chain using a temperature-controlled ocean container to move temperature-sensitive
pharmaceutical products is shown in Figure 6.1.1-1 below.
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The first and possibly most critical step in successful ocean shipping is planning prior to the shipment. It is crucial that a risk
analysis/assessment be completed to ensure that this transportation mode is suitable for shipping the products in question.
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The decision to review ocean transportation for a given lane might be made for a number of reasons, including the volume of
product going through a particular lane or the increasing costs and availability of alternative transportation modes. Other
considerations need to be taken into account, such as a product inventory analysis to assess how much additional stock would be
required while the cargo is in transit.
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If the value of a product is high and/or the product is not supported by good stability data, it might be determined not to use this
method of transportation because the product could be out of the shipper’s control for several weeks and it might be deemed that
the risks are too high. It might also be the case that the insurance liability limit is exceeded, and, therefore, the container can be
only partially loaded. This presents other risks, such as reduced thermal performance due to the container’s not being fully loaded
and a higher risk of damage if the load is not properly secured. This would also result in higher shipping costs per unit dose
because a full container load was not used.
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Refer to the PDA Technical Report No. 58, Risk Management for Temperature-Controlled Distribution, for a detailed examination
of the risks and benefits of ocean transport (3).
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If, after consideration, the use of temperature-controlled ocean containers is still a viable option, the first step is to select the right
logistics service provider. Once in full operation, the shipper generally deals with a freight forwarder and not the carrier; however,
in the initial stages, it would be beneficial to have direct contact with the carrier to ensure that all assessments are accurate and
complete (see Section 4.6.3 above for more details).
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An assessment should be made regarding the availability and frequency of ocean carriers from the origin to the destination to
ensure that sufficient capacity is available and to allow shipments to be executed routinely.
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Once suitable partners have been established, a review is necessary of the processes in the supply chain to identify areas of risk
and assess the level of, and need to implement, risk mitigation measures. Each phase in the shipping lane must be reviewed to
fully understand the process steps, infrastructure, and capabilities of the stakeholders involved.
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Figure 6.1.1-1 Ocean Shipping Transport Phases
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6.2 Qualification of Technology
6.2 HAHIA

Using the family approach (discussed in Section 4.6.4), the shipper should perform qualification testing on a sample container.
The testing should evaluate extreme conditions to ensure that the technology can maintain acceptable temperature limits when
placed under duress, such as extreme ambient temperatures (hot and cold) and increased humidity. This testing only proves
thermal performance; the shipper might also wish to perform power failure and open door challenges to better understand system
capabilities, as described in detail in Section 4.0.
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The Air-Conditioning, Heating, and Refrigeration Institute (AHRI) has designed a certification program for transport refrigeration
(AHRI Standard 1110) (10).
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NOTE: The AHRI transport refrigeration unit (also known as a TCU) standard deals with the mechanical performance of TCUs
and not the performance of active systems. Therefore, AHRI certification, by itself, should not be confused with certification that
the active temperature control system provides the product contained in that system with an acceptable temperature profile during
transport. Another example of certification programs is the ATO certification produced by Wageningen UR Food & BioBased
Research (11).

A REEWL GRS T B4 (AHRI) 832 54 8 S T (B O I8 48 5] 50 (TCU)) AR v AL 08 42 6] 2 T AL
MR ARFREZGME. Wik, XESH. HRAKEAT LH2AHRD)AE, A%, FRHEZRT HERLFH
FRREE-ANTEXNREMUERBEZESNRFOMEERE. 5 - MAERFAE TERBTRAFER G EWHR
FT(Wageningen UR Food & BioBased Research)#% f B ATOA iE(11).

Any TCU equipment that holds one of these certifications has been tested against set standards and therefore meets a prescribed
performance level. If the shipper decides to use only containers fitted with TCUs that have this certification, it must do so after
considering the quality requirements of the product and risk assessment. This might be an acceptable rationale for using the family
approach and not conducting formal OQ on all containers.
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6.3 Processes Affecting Container Performance
%637 BMWMERKMEEGIE

Because of the significant impact of the ocean shipping process on the operation of cargo containers, this section describes
considerations for each phase within the shipping lane, as shown in Figure 6.1.1-1. The information within should form the basis
for any agreement (e.g., service level agreement [SLA] or quality agreement) between the shipper and freight forwarding partner.

mTEFEMAR R ERRARERZFY N, ATHHERET AR LA REME I EHBEF R, AT oG
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6.3.1 Pretrip Inspection
%6317%: BEMHE

Before a container is used, ensuring that it is fit for purpose is critical. The pretrip inspection’s purpose is to ensure that the
container is in good working order and that there are no faulty components in the control and monitoring system or refrigeration
plant. A diagnostics inspection is carried out on the control system to ensure that all readings are as expected and that there are no
control faults. A visual inspection is carried out to ensure that there is no noticeable physical damage to mechanical components in
the refrigeration plant or the container. The container’s inside is then appropriately cleaned, possibly by steam cleaning, to ensure
a high-quality cleaning and the removal of any odors. The container is then labeled to show that it is ready for use. This operation
is the responsibility of the carrier as the unit’s owner; however, the owner might issue a contract to a third-party organization to
carry out this activity. It is important to ensure that such an organization is set up and operated at an appropriate level to ensure
that only suitable containers are supplied for use. The processes and controls should be assessed to ensure that each container is
inspected and prepared to the same standard.

EREMERW, XEERGRESCTHEN, BEZWAENENERRERAR A THN THERS, JF AR,
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WREB RS, FEREMAR. RRRAFEN THRE” . IFOREREN L TNENREANTE A
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Because containers could be anywhere in the world, it is not possible to have a scheduled, planned, PM program in place. The
pretrip inspection serves as a replacement for this because each container is examined before every use.

FHEERHYREMHITHE, ERTHEE-PEREE. TR, AOMEPRF. BEWAERSMENY LR
K, BAF-NREMEFANH2HTRE.
6.3.2 Loading and Transport to Sea Port
%632 %: |kt kiE KB
Once the container is ready, it should be fitted with a generator set (genset). This is a diesel generator unit that is attached to the
container and powers the container’s cooling system while it is in transit between the shipper’s facility and the port. The genset

should be fitted to the container and powered on, and the container should be preconditioned to the required product temperature
range prior to its arrival at the shipper’s location. The required parameters, including temperature range and alarm limits, should
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be set here. This should be detailed in the Service Level Agreement A/Quality Agreement to ensure correct container operation.
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The container’s size (20 ft or 40 ft) dictates how long the packing operation takes. If the container has to be opened and remains
open for loading in an uncontrolled area or at a temperature range that is different from the desired product temperature, an
assessment should be made of whether the temperature control system should remain on or be turned off during this operation. If
the unit remains on, it will draw in ambient air from outside the container; however, it will work to maintain the setpoint
temperature. If the unit is turned off, no air is drawn into the container but there is no cooling capacity. It might be necessary to
simulate this operation during OQ testing to ascertain the most appropriate course of action during this process.

S5 R Q03 RAA0F R)R VI E BRI 5 K. W RAR R B = BEHE AT LHRARFRE S 5 F
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The freight forwarder might use a contract hauler to deliver the temperature-controlled ocean container and collect the cargo. It is
essential to ensure that this contractor is fully trained and understands the genset’s operation; however, the contractor should not
need to change any of the TCU’s settings. If the refrigeration plant is turned off during loading, appropriate SOPs should be in
place with instructions for the correct operating procedures to reset the unit after loading.

AR A A KL BB TR EEERE R, ARUAAASS AT FERL ENAEITEE
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As with temperature-controlled trucks, to provide a more stable temperature environment in the CES of a temperature-controlled
ocean container, the TCU should be set on continuous mode (see Section 5.1). In continuous mode, the unit provides a constant
supply of air to maintain the desired temperature range, resulting in the flat temperature profile desired for transporting
pharmaceuticals.

WEEBEZEFE, ATAERETZEERELANTERE S NRME-NEREWEERE, RXERTES 2
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It is important to avoid the presence of loose material or trash during loading and keep drains clear because obstructed drains can
cause buildup of humid saturated air, leading to excess ice on the coil and water on the load.

AEBRGREFHAAES, REAHRD IR FFER, BAFAERTRERERER, FEAFLILE
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Once the product is loaded and the container is closed (this could include a security seal), a truck transports the container to the sea
port of departure. Depending on the distance from the shipper’s facility to the sea port, it might be necessary to preplan the journey
route to minimize the travel time. This might be part of the SLA and could also include a backup route in case of an emergency.

—EFREARIOFEXAREM(XEELLEH), FFEMIERA IR, REFZARKE S HHNES,
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6.3.3 Unloading at the Sea Port, Staging and Customs Clearance
%633 % AEWHHK. HEHEX

Once the truck arrives at the port, the temperature-controlled ocean container must be offloaded from the truck and staged prior to
being loaded onto the ocean vessel. In many cases, the minimum delivery time prior to loading is 24 hours. The genset is removed
from the container before it is unloaded from the truck. Once the genset is unloaded, it is essential that the container be plugged
into the electrical supply at the staging area until it is sent for loading onto the vessel. This process should not take long, and,
therefore, the risk to the product’s temperature should be low. However, if the container could be subjected to extreme ambient
temperatures, the time without power should be controlled. The maximum allowable time for this operation might have been
identified as a result of the testing carried out at OQ (as described in Section 4.4) during the power failure testing to determine
how long the container can maintain acceptable temperature limits without power.
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It is likely that the containers will not be connected to a central alarm control system. In many ports, the process is to walk around
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all temperature-controlled ocean containers every 12 hours to ensure and document that there are no alarms. The port of departure
and, therefore, the ambient conditions to which the container could be subjected will have a major impact on the amount of risk at
this stage in the supply chain. If there is an alarm in the 12-hour period between alarm checks, sometime might elapse before the
problem is responded to. Depending on the results of the power failure testing during OQ/PQ testing, additional steps might need
to be implemented to safeguard the consignment.

MRERMAHEEIFRBEEN ARG, AW S0, FI20HUAFFREZERFZMERSE, BRIFIEX
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Once the ocean vessel is ready to be loaded, the temperature-controlled ocean container is unplugged from the staging area and
transferred to the quayside for loading. During this time, the refrigeration plant and control system have no power supply and are
therefore out of operation. This process could take more than two hours from unplugging at the staging area to being plugged in
onboard the vessel. It must be ensured that the container can maintain acceptable product temperatures during this period, as
identified in testing.

—Baama A SRR, REZERFZRERA NG H RE R R, R d LB SHRE. &
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Once the container is loaded onto the vessel, the ocean carrier is usually responsible for ensuring that the container is plugged in
and the temperature setpoint has been checked and verified for normal operation during transit. This responsibility must be agreed
and documented in the SLA.
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6.3.4 In-Transit
%634 %: @By

Once the vessel has left the port of departure, the container is the ocean carrier’s responsibility. As in the port, the container is not
plugged in to a central alarm system unless this is specifically requested. If not, the container is checked for alarms every 12 hours.
It is possible that an error with the container might not be reacted to for 12 hours, during which time the product might go out of
specification. Appropriate procedures should be implemented to safeguard against such risks. Most vessels have a central alarm
system and if this is required, it should be agreed with the carrier and documented in the SLA/QA. Depending on the product’s
temperature range, it is essential to ensure that the container does not default to freezing mode in the event of a system fault
because this could result in total loss of a temperature-controlled product.
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Few faults that can occur with temperature-controlled ocean containers are not repairable. The ocean carrier’s engineers should be
trained and have sufficient spares to resolve most emergency situations.

BRI R AR E XA R BT R TS AN R A AR A DAV N £ R R R
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In the unlikely event that a fault occurs that cannot be repaired and the container fails, the carrier contacts the freight forwarder,
who, in turn, contacts the shipper about the issue. Nothing else can be done until the vessel arrives at the destination port, where
the container can be unloaded for inspection and the internal temperatures can be reviewed. During this time, the freight forwarder
is responsible for providing the shipper with details about the vessel in transit, such as route changes, including stops or
diversions. The freight forwarder should also provide updates on estimated time of arrival and any other issues related to the
vessel.

EARTREGESRT, RETRTANECRERARE, X TRAMA, AZ AR RERIEAL . KA B
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6.3.5 Port of Arrival - Unloading, Customs Clearance, and Delivery
% 63.5%: BM-HR. W5
Once the vessel arrives at the destination port, the container is unplugged from the vessel’s power supply, unloaded from the
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vessel, and transported to the staging area to await customs clearance. Responsibility for the unplugging operation must be
established and documented in the SLA/QA. This responsibility can vary between ocean carriers; some take responsibility and do
not want the port operators boarding the vessel to carry out this function, whereas other carriers request that the port operators take
responsibility for this task. Failure to capture this information could result in the container’s being unloaded with the plug still
attached to the vessel. The outcome could be the loss of the plug and the inability to restore power to the container once it has been
unloaded.

—ERAntak B e, SRR GE R e IRAE B, A RO A, FER EEARERER. ERS
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The same processes are used as those for loading at the port of departure, and the maximum duration for unloading, alarm checks,
and loading for transit to the final destination need to be controlled in accordance with the OQ testing results. Once the container
is unloaded and has been plugged into the power supply at the staging area, sometime could elapse before the container is released
by the local customs authority. The destination port’s ambient conditions will determine the level of risk to which the product is
subjected during this period.
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Once customs clearance has been granted, the container is delivered to its final destination. A truck with a genset might be used to
deliver power to the container during transit. The principles used at the point of origin should be applied during this stage.
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6.4 A Note on Insurance Liability and Security
Fo4T: REFTAFZAEESEM

Ensuring that the shipment is adequately insured against risk of loss or damage during transit must be part of the overall
preshipment assessment process. In assessing the need for insurance, the carrier’s liability limits should also be considered. Unless
a service agreement/contract that includes increased liability terms and conditions has been negotiated between the shipper and the
transportation carrier, the transportation company’s liability is limited under the bill of lading’s terms and conditions and
applicable maritime law. For example, the transportation company’s liability for an ocean shipment to or from the United States is,
as of the writing of this report, limited to $500 USD per package under the Carriage of Goods by Sea Act (12). Liability insurance
provided by the transportation company is normally limited to loss or damage arising from the carrier’s negligence, and this
negligence must be proven. In addition, loss or damage from spoilage, in particular, is not usually covered under the bill of lading
issued by the transportation carrier. Coverage terms provided by first-party commercial cargo insurance carriers are typically
much broader than the terms of the liability insurance policies commonly offered or provided by transportation carriers. Not only
is the transportation carrier’s liability limited, but that limit is typically far below the value of the goods being shipped. Therefore,
it is extremely important for the shipper to ensure that adequate insurance is in place and commensurate with the value of the
goods being shipped. This insurance policy should offer proper coverage for loss or damage due to spoilage.
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Security is a major concern for any mode of transportation when the shipper’s product is outside its direct control. During the
shipping of products in temperature-controlled ocean containers, the main security risks are at ports, where containers might be
unattended for several days prior to shipping or while they are waiting for customs clearance. These risks should be assessed
during the shipping lane’s implementation, and appropriate procedures might need to be employed to limit this risk.
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7.0 Active ULDs
FtE: HERAZEZUS

Active temperature-controlled ULDs as defined in this report have heating and/or cooling capabilities (Figure 7.0-1). Active ULDs
are typically operated from externally supplied AC power or internally stored and supplied DC power.

IR R R AR le%ﬁﬁ%&iﬁjmxﬁﬁiﬁl#ﬁ Fo/s, B4R (E7.0-1). HFREZERAKEREEE
TN G v, g 200 v B R AR G e L e kR

Figure 7.0 -1 An Active ULD
BI7.0-1: —MHBERARERL &

7.1 Design
% 7.1 %: kit

As with most temperature-controlled packaging systems, active ULDs are designed to maintain the product’s preconditioned
temperature as opposed to changing the product’s temperature. Active ULDs accomplish this by distributing air within the cargo
area, thereby insulating the freight from the effects of outside temperatures. Design considerations specific to active ULDs are
noted below.
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7.1.1 Thermal Integrity
%700 % REEE

Items that can compromise an active ULD’s thermal integrity include gaps around doors or walls, cracks in door seals, and
inherent wall structure and insulation contained therein. Properly designed door closure systems and physical payload space
securely isolate the cargo from the electrical and mechanical operating components. In many active ULDs, these areas are also
isolated from one another.
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7.1.2 Sufficient Heating/Cooling Capacity
%702 % TR A N

Active ULDs must have sufficient capacity to add or remove the heat that is transferred into the cargo hold area from the external
environment. The greater the difference in temperature between each container’s setpoint and the external environment, the greater
the amount of electric energy required. Since active ULDs are typically utilized for combination air and ground transport in a
multitude of potentially extreme environments, their designs generally take temperature exposures into consideration.
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7.1.3 Airflow

A

®713%: AR

Typical active ULDs are designed to distribute air with sufficient speed and direction to maintain a uniform temperature around
the product and the interior of the cargo space (Figure 7.1.3-1). When the payload is too tall or positioned where airflow in the
container is blocked, areas of stagnant air develop and adversely affect the container’s ability to maintain both air and product
temperatures uniformly. Payload volumes that are smaller than maximum design do not inhibit airflow and make for a more
uniform temperature spread throughout the cargo area.
B IR R KB R AR RAB I 7 6 o BOR AOR BRI T R RS AR AT R R (e 7.1.3-1).
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Figure 7.1.3-1 Airflow within an Active ULD
B7.13-1: —MEIRRARZ & F AR

7.1.4 Temperature Control Accuracy
¥ 7147 RELEERE

Temperature control accuracy can be assessed by conducting a temperature mapping study. Ideally, temperatures are maintained
within a variance that maintains the product temperature at £ 3°C. Design parameters for interior temperature variance vary by
ULD, depending on such factors as construction and insulation material, heating and cooling methodologies, numbers of interior
fans, speed and placement, payload venting and recirculation, and control thermocouple location.
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7.1.5 Monitoring and Alarming Capability
%705 % WS RER
The cargo hold area of an active ULD should have ongoing temperature monitoring and out-of-specification alarm capabilities to

notify users and reduce the risk of product temperature deviations. Alarm settings vary depending on ULD design and unit
robustness.
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7.1.6 Redundant Capability
%7.0.6%: A &N

Active ULDs might have redundant heating/cooling systems to serve as backups in the event of failure. System redundancies
include backup compressor(s), heating elements, additional circulating fans, and electronic control system.
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7.1.7 Power Loss and Open Door Recovery
707 e 5FIIRE

The intent of power loss and open door recovery testing is to demonstrate that an active ULD can recover effectively from a power
loss or open door. Performing these tests under battery power, rather than while the active ULD is connected to AC power, also
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indicates the performance capability of the active ULD while it is in transit.
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It is also recommended to understand the container’s holdover time after the batteries are depleted. A test should be conducted in
which the batteries are fully discharged and the rate of change of the air and payload temperatures is recorded.
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7.1.8 Alarms
%718 % WE

The intent of alarm testing is to demonstrate that the active ULD will effectively sound an alarm when the system reaches an alarm
condition. It is reasonable to combine alarm testing with power loss and open door testing; in this test, power loss and open door
temperature excursions serve as alarm conditions.
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7.2 Process Control of Active ULDs
%729 AR R ET AR

Refrigerants used for shipping temperature-sensitive products are designed to maintain these products at a specified temperature
for a specified amount time based on the expected transportation schedule. A key advantage of active containers is that, if a power
source is available, they can maintain products at a given temperature without time limits.
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The transportation process for active ULDs must be controlled within defined parameters, monitored closely, and have
contingency plans in place. Steps to take when shipping an active ULD include the following:
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. Precondition the container to the transport temperature before the container is loaded
RRAERW, TAAEERMEDEWEL
. Ensure that the product is preconditioned to the transport temperature before the container is loaded
RRMEHEW, HRCAETRALIE™ &2 2R
. Ensure that the container’s control system is appropriately programmed for the current shipment, including its setpoint

and alarm range

PRERFEHRARLEA TGS HEE, BFXIMETRELE

. Minimize the container’s exposure to extreme ambient temperatures
SR RGN RE &N

. Ensure that the ULD size is compatible with available aircraft
R R AL R R A R T T &

. Check the battery voltage and container temperature at transit points
EEET AL, BEEREESEREFRE

. Plan to charge the container at transit point(s) and during any delays
TEAEB I R AT IER I B A8 o it K]

. Determine the locations at which backup cold storage is available
R BV R A AL R

. Define the actions to take with the service provider in case of container failure
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8.0 Temperature-Controlled Storage Warehouses/Rooms
FNE: BB LEWEECE/

This section applies to active temperature-controlled storage of pharmaceutical raw materials and/or products. Commonly referred
to as cold rooms, refrigerators, or freezers, these rooms are CESs that can be designed to maintain temperatures around the stored
material at whatever setpoint and range is required.
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8.1 System Description
%81 ZAHR

This information regarding temperature-controlled storage rooms is applicable to a broad range of CESs designed to produce a
stable environment at a specific temperature, including walk-in cold rooms, refrigerators, freezers, and room-temperature stores.
Most commonly, walk-in cold rooms and refrigerators maintain a temperature uniformity range of 5 +3°C, whereas freezers
typically have a range of -20 £ 5°C or -70 + 10°C. In all cases, the range should be based on the temperature requirements of the
material and/or product stored in the unit. These requirements should be based on the stability data of that material and/or product.
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Four elements are required to maintain temperature. In designing a cold room, these factors should be considered, as noted in
Section 3.0.
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1. The construction should be of the type to maintain the temperature range required by the material and/or product stored
within the cold room. Commonly, a modular construction with insulated double walls is used.

HE AR P SRR A E RO, Au/d, RS ESRRE R . R, BRI AU SRR IR E.

2. The temperature in the CES is usually controlled by a calibrated, solid-state, microprocessor based controller that
constantly regulates air temperature. Simpler control systems employ an on/off temperature control system in which the
unit’s interior is only activated and deactivated at predetermined high and/or low temperatures (similar to thermostats in
most homes). This type of simple system can sometimes save money, but the trade-off is that such systems provide less
control over the range of temperatures in the CES.

R PR R A R S R AR B BRRAS, JF UL R AR T R AR %f%%%ﬁﬁﬁﬁoiﬁ
BNEF R GARS - DR TN R RERG RS, BRTERTNE, f/k, BREEMTRE LNENE
RETEREDRFL. IMEENRAERHET VL 04 EINER, ZRAAEEAFERE AR RER
HEDREZEEE.

3. A walk-in cold room/refrigerator/freezer also employs some sort of recorder device. In some cases, this consists of a pen
temperature recorder with a temperature alarm module. However, electronic recording systems connected to central
servers or other electronic recording devices are becoming more common as technology advances. These types of
electronic systems might offer more reliability, prompter alarms, and better and quicker analysis. To reduce business and
product risk, alarm systems can be set to notify management prior to an out-of-specification condition within the unit.
Alarms can be both local (at the source) and remote, such as to a security desk, or they can initiate a call to a
predetermined telephone number. This monitoring should be continuous (24 hours a day, seven days a week).

KRBV B E . HAE . AR — SR KR (. E— 2 IL T, d A A R A R & SR R U
B. KT, EHEHBAR, EEINFORSBNETFLEINBETEFRERLEEFN., XL AR B FRETR
METE, ERmBR. REFEREHON. A TREELSFERR, TUXEBRAREELZARNAGHRE
mh&mﬁﬁ@%ﬁﬁ AR A W(E R AR DR, g AW, BN R IR sk R
. IR AR U R R A (B K240 B, —ATX).

Assessments of the material and/or product can dictate the level of control accuracy required within the unit. Thermal
mass of the material and/or product along with packaging that insulates the product can result in attenuation of the more
rapid air temperature changes experienced by the conditioned air outside the material and/or product. Therefore, it is
good to know not only what is going on around the packaging of the material and/or product but also to know what is
happening within that packaging.

ok, Ao/, R T B RN E R BRI AR, R, R, RS RIRIET RERE R
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4. Due to the extended nature of the storage activity, it is necessary to design sufficient redundant temperature control
capacity into the system so that while TCUs are inoperative during maintenance or for other reasons, the CES’s
temperature stability is not compromised. A backup power source and duplicate control elements are also prudent.

ETHEEDEMAMS, FEERAANRITRSN AN BZEN GRS, UWEEREZRETEF XA CRES
RAER B, THIFEG AR MERERE. SRR NENEHERBREEMN.

Other elements of a walk-in cold room/refrigerator/freezer system that are important for storing pharmaceuticals include the
following:

RBABFE . K. AEERGNTHREAREZNLCERCHE:

. Fire suppression system and alarms
KKAN R G 5 E 4w

. Emergency and uninterrupted power supplies
B2 7 6] o IR £ R

. Lighting and electrical receptacles
BT L o A

. Lightning protection
TR

. Temperature alarms
R RE

. Inventory control/organization systems

FERERIAER G

TCUs are designed to maintain the internal air temperature within a desired range, thereby insulating the materials or products
from outside influences and maintaining the interior conditions required for product storage and stability. To accomplish this, air
must be able to move throughout the unit’s interior. Thermal integrity, sufficient BTU capacity, and proper airflow and air
movement are essential for this refrigeration process.

BEZEETENREFNTSAREETHRHEECEA, Bk RiEs5 5 REEERMBE TG E XA TN
REBARFRE S AT RRABNEXAEE, SRCHRANETHE. RAEE. REATE, RELRAKZEA
T Bh A T A B R L.

8.2 Qualification
%82 F: #iA

8.2.1 Temperature Mapping
%821 %: MESM

Qualification of active temperature-controlled storage rooms includes a temperature mapping study, which temperature probes are
placed in the three-dimensional space of the walk-in cold room/refrigerator and recorded over time and under various conditions,
as described in Section 4.6.1. Temperature mapping in itself does not guarantee controlled conditions without verification of the
systems that support the continued use of the temperature control system. Therefore, temperature mapping should generally be
performed within a qualification study, such as OQ and/or PQ.

MTHRRREZEEA ZORACE - MREPAHR, RERLZRAERBARE /KA Z R E N, 58 E46.1
TR, e R A, RAN ISR RE R A GHIE, RESA B A RAETEAE. Wik,
TR A L OABT SR SR M, BB AT RN, o/, MR ARAL

When determining the length of time for conducting the temperature mapping, the unit’s external environmental conditions should
be considered. If these conditions are stable, a shorter length of time might be appropriate. However, if the conditions are variable,
more time might be required. Temperature mapping should be performed for an adequate length of time to capture any effects of
the external environment on the chamber and establish the consistency and effect of defrosting within TCUs. It is generally
accepted that capturing data over three or more complete defrost cycles is minimally sufficient. However, if the CES’s exterior is
exposed to outside weather, it is recommended that the temperature mapping not last less than 24 hours to capture these external
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effects.

ok KM R ST A BB KR B, N B R TN IR A . R AMRIT, ERNNEEZEN S
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I R AR B SN R N AR B, A VURE A A B T 24/ B R AR 2k B AN E

The three-dimensional temperature profile should be assessed by selecting points in at least three planes in each direction - top to
bottom, left to right, and front to back - at which product will be present within the chamber or unit’s normal storage area.

MYURHEIEZAELNE-MFEL, NERT, NERAE, AWEE, EFRRREENSETHEAEAFR
B IAL, R = 4 R AL

8.2.2 Load Used During Qualification
% 822 W FEHIAE T A fL R

When there is not enough material to use a full load for qualification testing (e.g., 80% capacity) in a larger cold
room/refrigerator/freezer unit, a step approach is recommended to achieve maximum capacity. This approach needs to be agreed
on by the organization’s quality unit and involves the validation of the cold room/refrigerator/freezer unit in increments of
capacity over time. For example, when the unit reaches 25%, 50%, and then 75% capacity, a new mapping could take place.

WA KA ] . UKAE . AR A TIAK R A e R R (B, 80%RE ) B, HEHE A F Ak
REFARS. IMFEEERALNRERNIRAE, FHARABEE. WA, AEE THEH M MGy, fl, %
BLIA R 25% 50%-5 T5% & fy i E] L 2EAT T A IR A M E

In any case, walk-in cold rooms/refrigerators/freezers are typically first tested without loads (empty chamber uniformity) with
thermocouple probes or standalone recording devices to determine their defrost cycle efficiencies and identify cold/warm spots.
An illustration of an empty chamber mapping scheme and loaded chamber mapping scheme follow in Figures 8.2.2-1 and 8.2.5-1.
Sample charts for tracking monitoring device location (Table 8.2.5-1) and documenting monitoring results (Table 8.2.5-2) are
shown below.

AEMAERLT, AEARE. . AAERE T EERTLARMKEEHEM), R BIFE LR M T ie
ﬂ%iﬁﬂi%%)ﬁﬁw{? H R AR E . R TR E RE AR R T A R B LT 7 188.2.2-1 5 1K8.2.5- 10
B A B AT B AR (K8.2.5-1) 5 WMEERIEF (£82.52) BRurTF.

Figure 8.2.2-1 Cold Room Distribution Thermocouple or Stand-alone Recording Device Placement Diagram
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8.2.3 Controlling Devices
%823 F: #H%E

The controlling recording temperature device (RTD) for temperature-controlled storage spaces should be identified through I1Q
and verified through OQ. Critical instruments should at least be defined and verified during OQ, and the calibration of these
instruments should be verified during the system PQ. Based on the criticality of each instrument and vendor recommendations,
critical instruments should be entered into a calibration program with intervals defined for recalibration that make sense for the
system.

TR A 3 e A U P AR D R K B (RTD) R 38 %2 % A #EAT 3R, JF 8 1 B AT S A S AT 90 0. R 24T # A B
EOEMEFFIERENOE, XBMUBORENERFERAANBHATHE. ETHE - MUBEAXEESREEN
WH, RAEOEN AN EFREERE T R R ROER)T.

8.2.4 SOPs and Training
% 8247 MERENEEHE

SOPs can be verified at any time during qualification (IQ, OQ, or PQ). They must, however, exist in a final, approved format prior
to the equipment’s release to normal operational use. SOPs ensure that equipment is operated consistently with every use.
Qualification also ensures that systems operators are trained in the applicable SOPs. Training is especially important when a
manual action is a part of the process. Conversely, training can also prevent inadvertent actions that might be applicable to some
products and not others.

TR RN BATHOIA PR A) Y (LT B R0 OT DU AR R AE LR AT W AT, MU E A RATEE
WERAEAN, FE-RE, MRl REREABRRESEGREN —KET. HALHREAAREARE
WY AR R, AR A EFAREN, BIALEE. MR, B)a T E e Lk
f 83 & H U b o AR AR

8.2.5 Summary
825 K&

Qualification is performed according to the procedures described in a protocol. This protocol identifies the steps required to
perform and document the qualification activities. The need to map temperatures and the methodology used should be assessed
based on the risk profiles established for each process and product. Ultimately, strategies for conducting qualification studies,
including temperature mapping, should be based on knowledge of the product, including its stability profile; forced degradation
studies; and temperature cycle studies.

WNGBA T FHFE AR AR, T ERRT TE LM REFAE 0 . NETEHENIRS
e BRI R L BRI ERG T %, &5, LREHEREZ A NRINFRRE, NYETEE
HAR ML R AT, DUKOR LR R 5 R i

Figure 8.2.5-1 Cold Room Penetration Thermocouple or Stand-alone Recording Device Placement Diagram
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NOTE: Thermocouples 1 through 10 are not shown; only the penetration thermocouples or stand-alone recording devices are
illustrated.

EE: B15EFI05R/EM|MBEER, RUW T FER R B BN L IRFTKE.

Table 8.2.5-1Thermocouple or Stand-alone Recording Device Distribution List

#8251 HBEE L FTEESNE X

Location Thermocouple# Description
{r & LA S
1 Left, front, corner, top plane of CES

EHEIAG RN E. W A T

2 Left, rear, corner, top plane of CES
BHIHES WA B A T

3 Right, rear, corner, top plane of CES
EHEHE R NA. B A T

4 Right, front, corner, top plane of CES
EEIG R A B AL T

5 Center, top plane of CES
REIFF S o f . T

6 Left, front, corner, middle plane of CES
BRIFE R A W AL R

7 Left, rear, corner, middle plane of CES
BHRAEZENA. B A FH#

8 Right, rear, corner, middle plane of CES

£-62-1




BEHAFEEENE. 5. A Tl

Right, front, corner, middle plane of CES
BHEHE R WA . A P

10

Center, middle plane, the chamber of CES
PR IR S A I G R

11

Left, rear, corner, bottom plane of CES

BEHAFEEHNE. 5. A R

12

Right, rear, corner, bottom plane of CES

BHIAFEEE WA 5. A JRH

13

Right, front, corner, bottom plane of CES
BHEHE R WA . A R

14

Left, front, corner, bottom plane of CES
BRIHFE RN A W A R

15

Center, bottom plane of CES
2 5] BB A ] B Rl JR AL

16

Next to controlling RTD
BREGREILERE

Table 8.2.5-2 Penetration Thermocouple or Stand-alone Recording Device Data Worksheet

#8252 FIA P fHEU M a0 IE TR B A TEX

Temperature Setpoint: ~ °C
BEKESR:  °C
Location | Description Minimum | Maximum | Average | Pass/Fail? Initial/ Date
{r & #A w K wE FYy |/ | AT E
°C) °C) °C) (2-8°C)
1 Left, front, top corner
VAN T o
2 Left, rear, top corner
.. LA
3 Right, rear, top corner
. B kA
4 Right, front, top corner
. W EA
5 Left, front, bottom corner
. W TA
6 Left, rear, bottom corner
.. TA
7 Right, rear, bottom corner
. B TH
8 Right, front, bottom corner




R T A

Center of the chamber

AN

10

Next to the controlling RTD
BAEHRERRKE

11

Left, front corner of the cold room, in the container,
on the top shelf

ABREE. WA, BREVE

12

Left, front corner of the cold room, in the container,
on the middle shelf

ABREE. WA, BRETE

13

Left, front corner of the cold room, in the container,
on the bottom shelf

ABREE. WA, BRERE

14

Left, rear corner of the cold room, in the container, on
the top shelf

ABREL. B, REFTE

15

Left, rear corner of the cold room, in the container, on
the middle shelf

ABREE. B, RRETE

16

Left, rear, corner of the cold room, in the container,
on the bottom shelf

ABREE. B, RRAERE

17

Right, rear, corner of the cold room, in the container,
on the top shelf

ABREL. R, BEATE

18

Right, rear corner of the cold room, in the container,
on the middle shelf

ABREL. B, RRETE

19

Right, rear corner of the cold room, in the container,
on the bottom shelf

ABREL. B, RRERE

20

Right, front corner of the cold room, in the container,
on the top shelf

AREL. WA, RRETE

21

Right, front corner of the cold room, in the container,
on the middle shelf

ABREL. WA, BRETE

22

Right, front corner of the cold room, in the container,
on the bottom shelf

ABREL. WA, BRERE

Comments:
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9.0 Conclusions
FIE: Zib

Qualification for active temperature control systems typically involves DQ, 1Q, OQ, and PQ. Periodic overviews of the
qualification are required to assess variations in temperature-controlled systems over time. Some test elements may be omitted for
various systems based on risk assessment results.

XA R R G ROAE RO BRI R BATHOA S MR L. T E XA AT R B AR
WA RE R G A A . AR R G T R £ 5 R T A — K E &

Controls verification should be performed to verify that the temperature control equipment is performing within the recommended
range. 1Q’s main purpose is to verify that the system complies with the proposed design or that it has been installed in accordance
with the design. IQ includes document verification, equipment installation, PM, calibration, controls, and configurable parameters.
IQ can be performed by the equipment vendor and/or user. Successful DQ and risk analysis ensure successful OQ. Ideally, OQ
follows the completion and approval of IQ activities, and the OQ results should be approved prior to initiating PQ. Power failure
activity, alarm testing, SOP verification, and temperature mapping are usually part of OQ. The purpose of PQ is to verify that the
temperature control system functions consistently within the operation’s required process range under expected loads and
conditions.

JLSE M R B R LR R A RE N RENET. RERANNEEENR AR AT RITEANRCEHE
MU HATER., RIS BRI, HELE. THEEY. RF. 4. BRESR. 2XRATaREHNE,
Fu/de, P RSEM . RIRATHING R0k T BTN R Ty, B, R ATHR A TE 2R A SR IR IR B BT
HFER YA T4 R AR MR B AT A R, iR 2. MENK . AERENEHIE, 5RE 00 EEESTHIA
A, MRHANENZRILRELZER AN RETHRR S AGT, BEAFENIELE A%,

Qualification must be performed for all four types of active systems: temperature-controlled trucks and trailers,
temperature-controlled ocean containers, active ULDs, and cold storage warehouses/ rooms if a GMP/GDP environment is
required.

WRERAG AT RECHNG/ G RAETEEHAGHE, LHAAEMEREERARALERA: BEZEF
FHEF. REZEAFERERE. FRRARERE, RARBEETCE/E.

Temperature-controlled trucks and trailers face challenges due to the fact that their heat loads are more dynamic than those of
other vessels due to their greater convective heat loss/gain as a result of motion and opening/closing of doors, particularly when
these vessels must make multiple stops for loading or unloading along a route. Some considerations typical for trucks are as
follows:

b AR 26 (R 32 24 5 [T 8 T Bk ], AR AR X sl RSCH0 H £ R % R BT o T3 R AR R R R A
WREAGS, BEXBFFSHFE L, — LA FFEETLT:

. No common risk profiles are available for products because carriers supply different clients.
A ABRARE R, 0T 7 i A A E R

. Tests should include loss of power and restart.
MK 6 SE T 5 B 26

. Simulated environments can be difficult and costly to develop.

YT F R, wRARE.

Temperature-controlled ocean containers are similar in many ways to other vessels in their ambient dynamic conditions due to
climate conditions in transit and variances in payload size and placement within vehicles. The process of technology qualification
includes pretrip inspection, loading and transportation to the sea port, unloading at the sea port, staging and customs clearance
during transit and unloading, and delivery at the port of arrival.

BT EZMAGAEESEMNEFERAR MG LREMT, BREZEAFRRAENRZ 7 5L CELHFEH S &M
THEABA. EARAAIBEERENAE. REGFEWAAD . BB OHE. A aabEx, RoH, &
B2 AT .

Active ULDs are typically operated with externally supplied AC power or internally stored and supplied DC power. Design
considerations when selecting an active ULD are thermal integrity, sufficient heating/cooling capacity, airflow, temperature
control accuracy, monitoring and alarming capability, redundant capability, power loss and open door recovery.

IR Bk 2 % 32 ¥ A& (ULD) R % o1 MR 20 e B B W3R LU W UR (0B AT MU B R R AR R & n, WitHE
RBGEEE. RGN A/EA R . Ak BEENBEE. BN RER S, IHEN. e 5TITKRA.

Temperature-controlled warehouses and rooms are most commonly walk-in cold rooms, refrigerators, or freezers that maintain a

#£-05-T



temperature in the range of 5 £ 3°C, -20 £ 5°C, or -70 = 10°C. The requirements to be considered are thermal integrity, sufficient
BTU capacity, sufficient airflow, sufficient air movement, and a feedback control loop for adjusting CES temperature after a
deviation. The operating characteristics of an active system, such as airflow, capacity for heat exchange, and temperature control
accuracy, are essential and affect an active temperature control system’s performance and qualifications.

BEZECESE —BRE-BRRARE. KEBAE, o RFREAES+3°C. 20+ 5°C, H-70+10°C. FE
hEERRTES., REAE. REAK. B¥R#E, URE-MRZRHBEZHERFELEEERFELEHR. FERXA
G EATHME, HWAR. RARBR Y. BEESESEEYEE, FPUHAERERBEIBRAANMER SFHIA.

The methodology of the qualification studies should be risk based and determined by the business requirements, including product
stability, regulation, transportation, and storage requirements. Other elements that can affect the methodology are the quality
systems in place, PM and calibration requirements, loading and unloading operations, and protective packaging in addition to the
active system.

WA R T AT R, FAB LSRR, GFFBREME. ABEN. 28, UAF@HER. Zu@wuyit
MEFREARERR, FHEP SREFR, ERGAREME, URAERRAAREL AR PHECE.

The qualification of active systems has several benefits in that it:

X R R R HATHOAE LT 4L

. Reduces the risk of failure during transport/storage
YD B B /7 i B T Ok Ty R
. Defines the optimal location for temperature monitoring
AR i N M fh AL B
. Provides a correlation between the internal ambient temperature and the product temperature
PG HIRIIRSE 5 7 5 R A K
. Verifies other concerns beyond temperature control and uniformity
PR T R S 4R A £ M U R K T E
. Ensures that other functional and user requirements are met
WL v e P H K
. Provides a record of the system’s condition and configuration
RERGAFSEHILT
. Ensures that all other systems are in place to support the equipment’s continued operation

BRI R R R AT

In conclusion, qualification for active temperature control systems gives a high level of confidence to quarantine, hold, or store
raw materials, intermediates, or products at appropriate temperatures as supported by stability data.

GLER, XHFRETERGOHIANE -G 0 RE S AR SR R R, SRR
HENM AL T HENE.
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PDA Technical Reports are global consensus documents, prepared by member-driven Task Forces (listed on inside front cover)
comprised of content experts, including scientists and engineers working in the pharmaceutical/biopharmaceutical industry,
regulatory authorities and academia. While in development, PDA Technical Reports are subjected to a global review of PDA
members and other topic-specific experts, often including regulatory officials. Comments from the global review are then
considered by the authoring Task Force during the preparation of the final working draft. The level of expertise of the Task Force
and those participating in the global review ensure a broad perspective reflecting best thinking and practices currently available.
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The final working draft is next reviewed by the PDA Advisory Board or Boards that sanctioned the project. PDA’s Advisory
Boards are: Science Advisory Board, Biotechnology Advisory Board, and Regulatory Affairs and Quality Committee. Following
this stage of review, the PDA Board of Directors conducts the final review and determines whether to publish or not publish the
document as an official PDA Technical Report.
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