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Bringing A Freezing Complex to Design Capacity through Operational 
Synchronization of Inter-Shop Processes
Andrii Kalinichenko
Freezer Manager, Silver Bay Seafoods, Kodiak, Alaska.

Seasonal seafood processors often lose freezing capacity between operations, although plate freezers and refrigeration 
equipment remain technically available. The article develops an analytical model to bring a freezing complex to design 
capacity by synchronizing inter-shop processes. The research aim is to integrate freezing-cycle timing, bottleneck control, 
crew rotation, loading discipline, and downstream release into a single operational logic. The material base consists of recent 
sources on industrial refrigeration control, manufacturing scheduling, food-freezing monitoring, flow-shop blocking, and 
bottleneck-sensitive execution, supported by practitioner-reported operating indicators from a large Kodiak seafood freezing 
shop. The methods include source analysis, comparative analysis, conceptual synthesis, typologization, and analytical 
generalization of practitioner-reported shop indicators. The results define three synchronization levels: refrigeration-load 
timing, material-flow coordination, and supervisory cycle control. These levels are presented as the author’s operational 
typology. Practical applications center on reducing idle intervals around chamber turnover, protecting the current-limiting 
point, and aligning sorting, freezing, packaging, and storage transfers during short seafood-processing seasons.
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INTRODUCTION

Seafood processing plants depend on freezing capacity 
during short production seasons. Raw material enters the 
facility in uneven batches, workers move between shop areas 
under time pressure, and the finished product needs quick 
transfer into frozen storage. A freezing complex reaches 
its design capacity when sorting, staging, loading, freezing, 
unloading, packaging, and storage transfer operate on a 
single operational rhythm.

A large Kodiak seafood freezing shop provides the applied 
operating setting for this analysis. The practitioner-reported 
case describes a freezing department with 15 plate-freezing 
chambers, each rated for 2.5 tons of raw material. During 
the salmon-season peak, the department target reached up 
to 85 tons during a 12-hour shift. These figures are used as 
practitioner-reported operating indicators rather than as a 
company-specific case description. The purpose of using this 
evidence is to show how a seafood freezing complex converts 
installed chamber capacity into realized shift throughput 
under seasonal pressure, labor rotation, and inter-shop 
coordination constraints.

Industrial plate freezers create a clear production cycle. Crews 
load product into plates or chambers; operators close the 

unit; the refrigeration system removes heat; workers unload 
frozen blocks; and the chamber returns to the next load. 
Capacity losses arise between these actions. The prepared 
product may wait near the freezer while a previous load still 
occupies the plates. A chamber may stand open because the 
crew has not cleared blocks. Packaging may delay transfer 
from the freezer area, leaving no space for the next unload. 
Every pause reduces productive freezing time.

The research aim is to develop an analytical model for bringing 
a freezing complex to design capacity through operational 
synchronization of inter-shop processes. The first objective is 
to clarify the distinction between installed freezing capacity 
and realized throughput, drawing on recent literature in 
industrial refrigeration and production scheduling. The 
second objective is to identify synchronization points 
between upstream preparation, freezer-cycle execution, 
and downstream release. The third objective is to develop 
an implementation logic for supervisors responsible for 
seasonal ramp-up, crew rotation, chamber turnover, and 
bottleneck correction.

The working hypothesis states that a freezing complex 
approaches design capacity when operators synchronize 
product readiness, refrigeration load, crew allocation, and 
downstream transfer around the current limiting point.
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The authorial contribution of this article lies in the 
development of an operational synchronization model for 
bringing a freezing complex to design capacity through 
coordinated control of inter-shop processes. Existing 
studies usually examine separate elements of the problem: 
refrigeration scheduling, compressor sequencing, product-
temperature monitoring, flow-shop blocking, or bottleneck-
sensitive scheduling. The proposed methodology connects 
these mechanisms into a single plant-level execution logic 
for seasonal seafood freezing.

The scientific novelty consists of three provisions. First, plate-
freezer capacity is interpreted as the outcome of synchronized 
chamber turnover, product readiness, labor allocation, 
and downstream release. Second, the article introduces 
a three-level typology of synchronization: refrigeration-
load synchronization, material-flow synchronization, 
and supervisory cycle synchronization. Third, the model 
defines the current-limiting point as the primary object of 
supervisory action during ramp-up.

The methodology differs from conventional approaches 
in its unit of analysis. Technical refrigeration studies focus 
on thermal load, compressor operation, energy cost, and 
safe control boundaries. Manufacturing scheduling studies 
focus on machine sequence, blocking constraints, and 
production feasibility. The proposed approach transfers 
these mechanisms to the supervisory level of a seafood 
freezing plant. It specifies how a shift lead can align sorting, 
staging, loading, freezing, unloading, packaging, cold-storage 
transfer, and crew rotation around the next chamber start.

This distinction gives the model practical transferability. The 
methodology is not tied to a single enterprise or one plant 
layout. It can be adapted by seafood processors that operate 
plate freezers, blast freezers, or other batch-based freezing 
equipment under seasonal demand, variable raw-material 
inflow, and labor pressure. The model requires plant-specific 
timing data for empirical calibration, but its operational logic 
remains applicable across facilities where installed freezing 
capacity exceeds realized throughput because of unmanaged 
transition losses.

MATERIALS AND METHODS
The material base consists of sources published between 
2021 and 2025. The source corpus covers five thematic 
groups: simultaneous scheduling of production and energy 
systems [1], temperature estimation in food-freezing 
processes [2], bottleneck-oriented job-shop and resource 
scheduling [3, 7], industrial refrigeration scheduling, load 
shifting, compressor sequencing, and safe optimization 
[4–6, 10], and energy-aware manufacturing scheduling with 
flow-shop blocking and inter-stage flexibility [8, 9]. The 
screening retained sources that connect refrigeration load, 
production sequencing, blocking constraints, sensor-based 
observability, and execution-level decisions. Practitioner-
supplied pitch and interview materials on seafood freezing 
operations provide applied shop-floor evidence.

The article uses source analysis to extract production and 
refrigeration concepts, comparative analysis to connect 
refrigeration control with flow-shop scheduling, conceptual 
synthesis to build the synchronization model, typologization 
to separate synchronization levels, and analytical 
generalization to translate practitioner-reported operational 
indicators.

Practitioner materials are treated as applied operating 
evidence from one production environment. They are used 
to characterize plant scale, supervisory decisions, and shop-
floor constraints.

RESULTS
The main result of the article is the author’s three-level 
typology of operational synchronization. The first level, 
refrigeration-load synchronization, aligns chamber loading 
and unloading with manageable cooling demand and safe 
operating boundaries. The second level, material-flow 
synchronization, aligns sorting, staging, plate-freezer 
loading, unloading, packaging, and cold-storage transfer. 
The third level, supervisory cycle synchronization, aligns 
crew rotation, bottleneck localization, escalation signals, 
and feedback around the next chamber start. The typology 
is placed before the literature-based mechanisms because 
it defines the article’s authorial contribution: recent studies 
explain separate technical and scheduling mechanisms, 
while the proposed model translates them into a plant-level 
operating logic for a seafood freezing complex.

Research on industrial refrigeration scheduling links freezing 
performance to the timing of cooling demand. Konda et al. 
examine industrial refrigeration under time-of-use and 
peak-pricing structures and show that peak-cost conditions 
complicate simple threshold-based control policies [4]. In 
the proposed author model, this mechanism is incorporated 
into refrigeration-load synchronization. The freezing 
lead controls the shop rhythm that creates the load: when 
the chamber receives product, when the previous load is 
removed, and when the next load begins. The model converts 
a refrigeration-control finding into a supervisory rule: avoid 
random chamber delays because they shift cooling demand 
and reduce productive chamber time.

Compressor sequencing research gives a second layer to 
the same problem. Konda et al. analyze load shifting with 
compressor sequencing and report quantified energy 
effects in an industrial refrigeration setting [5]. A seafood 
plate-freezing shop cannot replicate this quantitative 
result without its own measurements, since the source 
metric concerns compressor energy use. The mechanism 
is transferred, while the percentage is not copied without 
plant-specific measurements. The author model uses the 
study only to justify stable load timing: fewer random pauses 
during loading and unloading provide engineers with a more 
predictable refrigeration-load profile.

Safe optimization research places a boundary around 
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capacity pursuit. Korkmaz et al. study adaptive real-time 
optimization for an industrial refrigeration process under 
unknown process characteristics and safety constraints [6]. 
In the author model, this mechanism appears as a safety 
boundary for supervisory cycle synchronization. The freezing 
lead can shorten idle intervals, rotate trained workers, and 
clear handoff failures, but acceleration cannot override 
temperature control, equipment status, alarm discipline, 
sanitation requirements, or safe worker movement.

Shah et al. interpret industrial refrigeration through 
inventory-control logic with convex cooling costs and 
variable demand [10]. The author model translates this 
mechanism into release discipline. Supervisors shape part 
of the cooling-demand pattern by deciding when a chamber 
receives product, how fast unloading starts, whether staging 
is ready for the next load, and whether packaging and cold 
storage have cleared the freezer area before frozen blocks 
leave the chamber.

Food-freezing monitoring research clarifies why clock 
time alone gives an incomplete operating picture. Galarce 
et al. propose a reduced-order framework for estimating 
temperature fields in food-freezing applications from 
optimally located sensors [2]. The present model uses the 
mechanism more narrowly: product-state visibility, where 
available, strengthens the supervisor’s decision on whether 
the cycle can move toward unloading and resetting.

Manufacturing scheduling literature helps translate 
refrigeration mechanisms into shop execution. Baader et al. 
connect production decisions with energy-system behavior 
[1], while Missaoui et al. review energy-aware manufacturing 
scheduling under production objectives and operational 
constraints [8]. In the author model, these mechanisms 

become material-flow synchronization. A chamber is a timed 
production node. Product may be staged or absent, crew 
members may be loading or waiting, packaging may be ready 
or blocked, and cold storage may have a free transfer path or 
no space. Each state combination changes the time at which 
the next freezing cycle can start.

Flow-shop blocking and bottleneck-oriented scheduling 
explain why capacity losses often arise outside the freezer 
itself. Nicosia et al. analyze inter-stage flexibility and 
blocking constraints [9], Liu et al. discuss heterogeneous 
resources and execution-level scheduling [7], and King 
and Hildebrand compare bottleneck-sensitive job-shop 
scheduling methods [3]. The author’s model translates these 
mechanisms into supervisory-cycle synchronization. The 
freezing lead identifies the current-limiting point during the 
shift: sorting may starve staging, unloading may lack trained 
labor, packaging may block frozen output, or storage transfer 
may delay the reset. Capacity improves when the labor 
movement and handoff correction target the operation that 
prevents the next chamber from starting.

This interpretation strengthens the article’s applied 
contribution. Literature explains why refrigeration load, 
blocking, monitoring, and scheduling matter. The author’s 
model explains how a freezing lead combines these 
mechanisms at plant level: stabilize chamber timing, keep 
freezer-ready product near the chamber, rotate trained 
workers toward the current limiting point, clear downstream 
transfer before unloading, and feed recurring delays back to 
the supervisor before they repeat across chambers.

Figure 1 presents the operational synchronization model 
used in this article. The model adapts the scheduling logic of 
energy-efficient manufacturing to plate-freezing operations [8].

Figure-1. Operational synchronization model for bringing a freezing complex to design capacity (adapted from [8])
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The figure treats the freezing complex as a timed production 
loop. Raw material inflow starts the loop, while sorting 
determines whether the product reaches staging in a freezer-
ready form. Staging controls whether the next chamber 
receives product at the planned time. Loading starts the 
freezing cycle. The refrigeration system removes heat 
within equipment and safety limits. Unloading and resetting 
determine whether the next load begins without avoidable 
delay. Packaging and storage transfer clear frozen output 
from the freezer area. Supervisor feedback closes the loop 
by redirecting labor and correcting handoff failures before 
they repeat.

The third research objective concerns implementation logic. 
The sources still identify the conditions that a workable 
procedure must respect. Industrial refrigeration research 

requires attention to load timing and safe operating 
boundaries [4–6, 10]. Food-freezing monitoring research 
points to the need for product-state visibility [2]. Scheduling 
research requires feasible sequencing, bottleneck awareness, 
and management of blocking between stages [1, 3, 7–9].

The practitioner-reported indicators allow a capacity 
benchmark to be calculated. Fifteen plate-freezing chambers 
rated at 2.5 tons each give an installed one-load chamber 
capacity of 37.5 tons. A 12-hour shift target of 85 tons 
corresponds to 2.27 full chamber-volume turnovers during 
the shift. On average, each chamber processes about 5.67 
tons per 12-hour shift, or 2.27 nominal chamber loads. 
This calculation defines the operational intensity that the 
synchronization model has to support during peak seasonal 
operation (Table 1).

Table-1. Quantitative operating benchmark derived from practitioner-reported indicators

Indicator Value Operational interpretation
Number of plate-freezing chambers 15 Scale of the freezing complex
Rated load per chamber 2.5 tons Nominal one-load capacity of one chamber
Installed one-load chamber capacity 37.5 tons Total chamber capacity if all chambers are loaded once
Peak 12-hour shift target 85 tons Reported production target during salmon-season peak
Required full-complex turnovers per 12-hour shift 2.27 Ratio between target output and installed one-load chamber capacity
Average target per chamber per 12-hour shift 5.67 tons Mean chamber-level output needed to reach the reported shift target

The benchmark clarifies why transition losses have a direct capacity effect. If the complex has to complete more than two full 
chamber-volume turnovers during a 12-hour shift, short pauses around loading, unloading, resetting, packaging release, and 
storage transfer accumulate into measurable throughput loss. The synchronization model treats non-freezing intervals as 
the main controllable reserve. The same benchmark can be recalculated by substituting the number of chambers, the rated 
load per chamber, the planned shift duration, and the target shift output.

The practitioner-reported case adds shop-floor plausibility. The reported operational changes include rotation, sorting 
discipline, chamber loading speed, reduced idle pauses, and faster transitions between chamber operations. These are 
enterprise-level operating indicators communicated by a practitioner. Their value lies in showing how design capacity 
becomes a supervisory problem. The freezer produces output during the freezing cycle, while the plant loses output during 
unmanaged transitions around that cycle (See Fig. 2).

Figure-2. Practitioner-reported operating indicators used to characterize the Kodiak freezing-shop case



Page | 5OAS Journal of Engineering and Applied Sciences

Bringing A Freezing Complex to Design Capacity through Operational Synchronization of Inter-Shop Processes

Capacity ramp-up begins with the current limiting point. 
The freezer may govern economics and cycle rhythm, but the 
mechanism that prevents the next chamber from starting 
can sit elsewhere. The prepared product may arrive late due 
to sorting. A loading crew may lack enough trained workers. 
Frozen blocks may wait because there is no ready lane for 
packaging. Storage transfer may block movement from the 
freezer area. Flow-shop blocking theory explains this pattern 
[9]. A stage with adequate nominal capacity can still block 
the line if the next movement cannot occur on time.

Refrigeration studies and scheduling studies lead to the 
same practical rule from different directions. Compressor 
sequencing without load timing leaves shop-flow losses 
in place [5]. Production scheduling without refrigeration 
constraints results in poor thermal load patterns [1]. 
Temperature estimation without supervisor action records 
product state but leaves handoff delays untouched [2]. Safe 
optimization literature sets boundaries for any acceleration 
attempt [6]. The proposed model places synchronization at 
the point where these problems intersect: chamber-cycle 
timing, product readiness, crew rotation, and downstream release.

Idle time forms the main hidden loss. A plate freezer creates 
value while removing heat from the product. The next 
cycle begins only after loading ends, the chamber closes, 
and refrigeration starts. The following cycle begins only 
after unloading, block removal, any required cleaning, and 
resetting. Short pauses between these actions accumulate 
across chambers and shifts. A few minutes lost at each 
transition can add up to a significant seasonal capacity loss. 
Supervisors bring the complex closer to design capacity by 
shortening the non-freezing intervals around each cycle.

DISCUSSION

A freezing complex reaches design capacity when supervisors 
manage the freezer cycle as the plant’s organizing rhythm. 
Equipment defines the physical ceiling. Operators convert 
that ceiling into output through prepared loads, stable 
chamber turnover, disciplined unloading, and downstream 
release. The supervisor’s task is to keep every adjacent shop 
aligned with the next chamber start.

The governing constraint needs continuous localization. 
The freezer often sets the economic rhythm because plate-
freezing time, refrigeration load, and product preservation 
converge there. During a shift, another point can limit the 
next cycle. Sorting can starve staging. Loading can slow 
down because trained workers move elsewhere. Packaging 
can block unloading. Storage transfer can leave frozen blocks 
near the chamber. The supervisor protects capacity by asking 
which operation prevents the next chamber from starting, 
then moving labor and product release toward that point.

Ramp-up starts with a chamber-cycle map. The map records 
load readiness, loading start, chamber close, freezing period, 
unloading window, reset, and next-load release. This tool 
gives the shift lead a way to see where productive freezing 
time disappears. Repeated pauses become visible as 
operating problems: late staging, slow unloading, blocked 
transfer, weak rotation, or unclear handoff conditions.

Table 2 compares synchronization zones around the freezer 
cycle. The table separates the operational meaning of each 
zone, the disruption that typically occurs there, and the 
supervisory response that best fits the disruption.

Table-2. Synchronization zones in a freezing complex

Synchronization zone Operational meaning Typical disruption Supervisory response Practical effect

Upstream readiness Product reaches staging 
in a freezer-ready form

Sorting rhythm fails 
to match chamber 
availability

Release product toward 
staging by chamber 
sequence

Fewer empty-
chamber intervals

Freezer-cycle control Loading, freezing, 
unloading, and resetting 
follow a stable rhythm

Loading or unloading 
exceeds the planned 
window

Assign crew by chamber 
priority

Shorter non-
freezing intervals

Labor rotation Workers move according 
to the cycle pressure

Crew remains in a low-
pressure task while the 
freezer waits

Move trained workers 
toward the limiting 
point

Faster chamber 
turnover

Downstream release Frozen output leaves 
the freezer area before 
it blocks the reset

Packaging or storage 
transfer cannot absorb 
output

Clear the transfer path 
before unloading starts

Fewer blocked 
transitions

Supervisor feedback Shift decisions follow 
the current bottleneck 
status

Each shop pursues a 
local target

Use a cycle board or 
verbal cadence tied to 
chamber windows

Quicker correction 
of repeated handoff 
failures

The table shows that synchronization works through linked decisions. Upstream readiness protects the freezer from 
starvation. Freezer-cycle control protects productive chamber time. Labor rotation directs skill toward the operation that 
affects the next cycle. Downstream release protects unloading and resetting. Supervisor feedback prevents local shop 
priorities from breaking the freezing rhythm.
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Implementation needs a sequence that workers can follow under seasonal pressure. First, the supervisor maps the cycle for 
each chamber. Second, the supervisor marks the current limiting point. Third, each shop receives a clear handoff condition. 
Sorting delivers a load-ready batch. The freezer team closes the chamber after a defined loading window. Packaging prepares 
an output lane before unloading begins. Storage transfer clears the movement space before the frozen product leaves the 
chamber area.

Crew rotation deserves separate treatment. Seasonal plants often rely on workers who learn on the job under live production 
pressure. A practical rotation system links neighboring tasks. One group learns staging and loading. Another group learns 
unloading and transfer. A trained worker connects both sides and reports delays to the shift lead. Rotation follows the 
chamber cycle. Workers move toward the point where the next chamber start faces operational risk. Table 3 presents an 
implementation logic for inter-shop synchronization.

Table-3. Implementation logic for operational synchronization of inter-shop processes

Phase Decision focus Operational action Risk if the phase is 
skipped

Practical output

Cycle mapping Productive freezing time 
and transition points

Draw the full chamber cycle from 
load readiness to reset

Idle intervals remain 
hidden

Shared chamber-
cycle map

Constraint 
localization

Operation limiting the 
next chamber start

Check upstream, freezer area, 
and downstream readiness

Labor moves without a 
capacity effect

Current bottleneck 
signal

Handoff 
standardization

Condition each shop 
delivers to the next one

Define load-ready, chamber-
ready, transfer-ready, and 
storage-ready states

Shops improve local tasks 
while the cycle still waits

Clear handoff rules

Crew rotation 
design

Worker movement during 
the cycle pressure

Assign rotation paths around 
loading, unloading, and transfer

Trained labor stays away 
from the limiting point

Flexible labor 
response

Supervisory 
cadence

Correction of pauses 
before repetition

Use short cycle checks tied to 
chamber windows

Repeated delays become 
normal shift behavior

Stable ramp-up 
routine

The implementation logic gives supervisors a practical route 
from diagnosis to correction. Cycle mapping reveals where 
time disappears. Constraint localization tells the supervisor 
where to act. Handoff rules remove ambiguity between shops. 
Rotation design places trained workers near the bottleneck. 
Supervisory cadence keeps the system from returning to 
fragmented shop behavior after the first improvement.

The model has operational limits. Thermodynamic design, 
compressor maintenance, sanitation rules, occupational 
safety, and verified temperature standards remain separate 
requirements. Synchronization can reveal constraints by 
showing that the freezer cycle continues to wait even after 
crews align product flow and labor.

Data limits also remain. Practitioner-reported indicators 
support an applied interpretation, but they do not replace 
chamber-level timestamps, batch records, product-
temperature measurements, crew allocation logs, or storage-
transfer records. A later empirical study could test the model 
by recording loading duration, freezing duration, unloading 
duration, reset duration, waiting time before loading, and 
waiting time after unloading.

The proposed approach remains within the boundaries 
of seafood plants that face compressed seasons and heavy 
crew turnover. Supervisors need a method that workers 
can understand during live production. The cycle sequence 
is clear: prepare, stage, load, freeze, unload, transfer, reset, 
and release the next load. Once every shop connects its task 

to the next chamber start, design capacity becomes a daily 
operating target instead of a nominal equipment value.

CONCLUSION
A freezing complex reaches design capacity through stable 
conversion of installed freezing capability into repeated 
productive cycles. Recent literature on refrigeration 
scheduling, compressor sequencing, safe optimization, food-
freezing monitoring, and manufacturing scheduling supports 
this conclusion. The equipment creates the capacity ceiling, 
while inter-shop execution determines how much of that 
ceiling the plant converts into output during the season.

The main synchronization points connect sorted product 
readiness, staging, chamber loading, safe freezing 
execution, unloading, packaging, storage transfer, and 
supervisor feedback. Idle intervals between these points 
reduce throughput even when freezers remain available. 
Practitioner-reported operating evidence from a seafood 
freezing shop aligns with this mechanism through faster 
loading, clearer worker rotation, better sorting discipline, 
and tighter transition control.

The practical significance of the proposed model lies in its use 
as a supervisory tool for plants that need to convert installed 
freezing capacity into realized shift throughput. The model 
can be applied by other seafood-processing enterprises 
through five steps: chamber-cycle mapping, localization 
of the current limiting point, standardization of inter-shop 
handoff conditions, rotation of trained workers toward the 
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limiting operation, and short supervisory checks tied to 
chamber windows. The calculation based on practitioner-
reported indicators shows that a shop with 15 chambers 
rated at 2.5 tons each and a 12-hour target of 85 tons has to 
achieve approximately 2.27 full-complex turnovers per shift. 
Under such intensity, unmanaged transition time becomes a 
direct source of lost capacity.

The model supports later empirical validation with chamber-
level data. Future studies can record loading duration, 
freezing duration, unloading duration, reset duration, waiting 
time before loading, waiting time after unloading, crew 
allocation, and storage-transfer delays. These measurements 
would allow enterprises to quantify the contribution of 
each synchronization zone to realized throughput and to 
compare plants with different chamber numbers, freezing 
technologies, labor structures, and seasonal profiles. The 
proposed methodology offers a transferable operational 
framework for seafood processors seeking higher freezing-
complex utilization without reducing safety, product-
temperature control, sanitation discipline, or equipment 
reliability.
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