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Executive Summary

This report provides an analysis of the use of refrigerated ISO maritime containers
(reefers) in cold chain logistics, which account for a growing share of the refrigerated
cargo being transported around the world. Reefers are used in a wide array of cold chain
trade relations but mostly involve large exporters and importers, but due to their size are
also accessible to small and medium sized traders can also access the flow of reefers with
relative ease.

The public sector needs to develop a better understanding of this specialized transport
chain in order to reconcile public policy and investments with the operational reality of
cold chain logistics. The private sector also needs to better understand the market
opportunities and the operational challenges linked with cold chain logistics.

The cold chain is a science, a technology and a process all at the same time. It is a science
since it requires the understanding of the chemical and biological processes linked with
perishability. It is a technology because it relies on physical means to insure appropriate
temperature conditions along the supply chain. It is a process since a series of well-
defined tasks must be performed to prepare, store, transport and monitor temperature
sensitive products.

The cold chain must cope with three fundamental problems, which are conditional
demand, load integrity and transport integrity. The demand for a product at a market is
conditional on the quality of the delivered product. Load integrity relates to the load
conditions that must be provided to insure that a product maintains its value during
transport. Transport integrity concerns the tasks and safeguards that must be performed
to insure that the temperature controlled environment remains constant during modal
transport, at the terminals and the distribution centres involved in the transport chain.

Cold chain logistics depend on cold storage facilities. Like a standard distribution centre,
a cold storage facility provides a buffer along the supply chain, but this buffer is
contingent upon stringent time (shelf life) and temperature integrity conditions. A
contemporary large cold chain distribution centre is usually set as a cross-docking facility
where inbound loads are serviced on one side and outbound loads on the other.

North American reefer cold chains have two distinct logistics, one which is import-based
and the other export-based. The dynamics of the majority of the import reefer trade is
consumption related, which involves distribution to large consumer markets. They are
determined by the North American population density; the largest metropolitan areas
are the largest markets. The dynamics of export-based cold chain logistics is completely
different than the import sector in terms of origins, destinations and economic sectors.
While weight-wise, exports are twice as voluminous as imports; exports comprise a lesser
range of products. Meat and poultry products dominate reefer exports.
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In Western Canada there is only one port, Port Metro Vancouver, which handles the
majority of the regional and national cold chain reefer traffic. The port accounts for
roughly half the Canadian reefer trade. Produce and meat, fish and poultry account for
92% of all reefer imports while meat, fish, poultry and prepared food products account
for 95% of all reefer exports. Vancouver also has a long distance national reefer trade
function since about half of all imported reefers are shipped by rail to Eastern Canada
(mostly to the Toronto market). While the two major railways (Canadian National and
Canadian Pacific) both handle reefers, CN has a larger market share than CP.

There are two main import channels for reefers. The first, involves transloading near the
port facility where the contents of refrigerated containers are placed into domestic
refrigerated containers and then brought by truck or rail to the inland destination. The
second is a direct road or rail transit to the inland destination. Then, the empty reefer will
be brought back to the terminal and on some rarer occasions transferred directly to an
exporter.

There are three export channels for reefers. The first channel comprises a domestic
reefer haul that is trucked to a transloading facility in the vicinity of a port. The contents
are then loaded in a maritime reefer container and brought to the port for export. The
second channel involves an empty container that is brought to the exporter to be source
loaded and then brought to a port terminal. This channel is dominated by trucks. The
third channel is the repositioning haul, which is much less common. An import reefer is
available locally or regionally and then repositioned to an exporter to be source loaded.

The growing reliability of cold chain technology creates extensive market opportunities
that were not previously available to exporters. There has been a modal shift in cold
chain distribution since it is now possible to ship chilled food by reefers that previously
could only have been carried by air freight at a prohibitive cost. This confers
opportunities to ship greater volumes of cold chain products and expand markets
through economies of scale.

Canada is known as a quality food provider and source loading enables greater integrity
and a higher level of quality to be delivered by the cold chain. The refrigerated goods
market remains highly competitive, particularly since American cold chain exporters have
advantages derived from their ability to offer higher volumes, good hinterland
connectivity, and the availability of a wider range of maritime services from their ports.

Many stakeholders indicated through interviews, that there is a lack of reefer containers
in Western Canada, particularly in the Prairie Provinces, with Alberta being identified as
the most obvious case. The repositioning of empty reefer to serve the export market in
the Prairie Provinces is an issue that cannot be readily solved because of the inherent
distinctions between the import-based reefer logistics chain and the export reefer
logistics chain. The shortage of reefers is related to the state or volume of export
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opportunities currently available in parts of Western Canada, particularly Alberta and
Saskatchewan. The British Colombian and Manitoban markets are comparatively better
served.

While the nature and requirements of the established NAFTA market for refrigerated
goods are generally well known, the overseas market serviced by the reefer trade
represents not only an opportunity, but also a challenge. This challenge is to find buyers
for products that can be carried in ISO reefer containers, coupled with the degree of cold
chain logistics management that insures that the products reach their destination market
in prime condition with an acceptable shelf life.
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INTRODUCTION

The Reefer in Global Supply Chains

Globalization and its associated growth in trade have led to the development of several
new markets for the import and export of temperature sensitive goods: namely
vegetables, fresh flowers, fruits, diary, meat, fish and seafood products. The cold chain
involves the transportation of temperature sensitive products along a supply chain
through thermal and refrigerated packaging methods and the logistical planning to
protect the integrity of these shipments. There are several means in which cold chain
products can be transported, including refrigerated trucks and railcars, refrigerated cargo
ships as well as by air cargo, which represents a specialized niche market. Reefer is the
generic term used to define a temperature controlled transport unit, such as a van, small
truck, a semi-trailer or a standard ISO container. As such, there are three main reefer
markets:

e The first involves short distance “last mile” deliveries of refrigerated goods to the
final consumer, such as grocery stores or restaurants. This is usually done using
smaller vehicles such as vans. It is uncommon that cold chain products are
delivered to an individual.

e The second involves domestic refrigerated containers, most of them 53 foot (or
smaller) truck units, used to carry refrigerated goods over medium to long
distance and without a maritime leg involved. These flows are mainly between
large providers of cold chain products and distribution centres.

e The third, the focus of this research, concerns refrigerated ISO containers, also
known as reefers, which are used for long distance maritime trade. They are used
in a wide array of cold chain trade relations but mostly involve large exporters
and importers, but due to their size are also accessible to small and medium-
sized traders. Export flows can be source loaded while import flows are usually
bound for cold storage facilities.

For the purpose of this study, the term reefer will solely apply to refrigerated 1SO
maritime containers. Reefers account for a growing share of the refrigerated cargo being
transported around the world. In 1980, 33% of the refrigerated transport capacity in
maritime shipping was containerized. This share rapidly climbed to 47% in 1990, 68% in
2000 and 75% in 2014. The reefer has become a common temperature-controlled
transport unit used to ensure load integrity since it can accommodate a wide range of
temperature settings and accordingly a wide range of temperature sensitive products.
Also, it is a versatile unit able to carry around 25 tons of refrigerated cargo and is fully
compatible with the global intermodal transport system, which implies a high level of
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accessibility to markets around the world. Such accessibility requires supporting
equipment, in particular power generation.

In light of this emerging dynamic and its commercial opportunities, this research
examines how cold chain networks are integrated through the utilization reefers in
container networks. Empirical evidence will be drawn from Western Canada, a resource
intensive region, particularly in the agribusiness sector, which shows a substantial growth
potential for cold chain exports, primarily to Asian markets. The global meat trade has
expanded in the last decade faster than other conventional cold chain trades such as
tropical fruits. As the global population gets wealthier, particularly in Asia, an ongoing
and increasing demand for refrigerated goods is expected.

Cold Chain Products and their Seasonality

Food products begin to deteriorate the moment they are harvested or slaughtered, so it
is fundamental principle of cold chain logistics that the cargo is kept in optimum storage
conditions so that shelf life, and the commercial potential, is maximized. Table 1 depicts
the shelf life of certain perishable food products, if kept under optimum storage
temperature. Although temperature is the most important factor mitigating the
perishability of a food product, respiration and ethylene production are also significant
for produce.

Table 1: Shelf Life of Selected Perishable Food Products®

Product Shelf Life Optimum Temperature
(Days) (Celsius)
Apples 90-240 0
Bananas 7-28 13.5
Bell Peppers 21-35 7
Cabbage 14-20 1
Eggs 180 1.1
Onions 30-180 1
Lettuce 12-14 0.6
Fresh Meat (beef, lamb, pork, 14-65 -2
poultry)

! Source: Adapted from APL.
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Oranges 21-90 7
Pears 120-180 -0.6
Potatoes 30-50 10
Seafood (shrimp, lobster, crab) 120-360 -17.8
Strawberries 5-10 0.6
Tomatoes 7-14 12

Once harvested fruits and vegetables continue to generate chemical reactions that
consume oxygen and release carbon dioxide, water, and ethylene. This process is
different for each product type and results in ripening, which alters many attributes
having a commercial value such as colour, flavour and texture. Depending on the
commodity the ethylene gas influences the ripening, so high concentrations tend to
accelerate the process and lessen the shelf life.

As with the storing a commodity above optimal temperature reducing its shelf life,
storing at temperatures below optimal may also cause damage such as discolouration
and improper ripening. In light of a large variety of temperature conditions in which food
products need to be stored, large grocery chains have built distribution centres with
multiple cold storage sections.

Cold chain logistics have enabled the availability of fresh produce almost on a continual
basis on a global scale (Figure 1). What used to be only seasonally available can now be
provided year round, because: 1) The supply is from a tropical climate with a continuous
growing season; 2) It is grown in controlled conditions (e.g. greenhouses); or 3) The
ability to switch to supply sources according to seasonal variations.
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Figure 1: Availability of Fresh Produce by Season and Region’

Bananas and pineapples are available year round because they are grown in tropical
conditions in countries such as Costa Rica or Ecuador. Such supply chains are highly
stable and can support dedicated ships and equipment used solely for this trade. Other
products such as apples, citrus and grapes are grown seasonally in different parts of the
world, creating a constant level of availability (although quantities will obviously vary).
The price of products will fluctuate according to the quantity being produced, the
distances involved and the perishability of the product. Inconsistencies in the reefer
supply and cost of reefers are related to seasonality. The most stable price is usually
found in the banana trade because of the large economies of scale in this sector, well
developed cold chain logistics and year round production. Still, agricultural goods are
subject to risks related to weather events and low crops.

Even if reefers are considered a recession proof business, there can be significant
fluctuations in the demand. It has been observed that consumers have been cutting back
on food consumption, at least on higher quality food, since the recession that took place
in 2009. This is indicative that there can be quick and significant changes in consumer
preferences that may substantially impact import reefer flows (exports to a lesser
extent).

Scope of the Study

Notwithstanding the fact that reefers support very high value supply chains, the reefer
and cold chain logistics are not well covered in the academic literature. The economic
role of reefers is a topic that is actively considered by the commercial sector®. This study

> Source: Adapted from the Oppenheimer Group.
* See forums such as Cool Logistics. http://www.coollogisticsconference.com/
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focuses on the ISO reefer container, which is dominantly used for long distance cold
chain logistics, particularly for the transpacific trade to and from Western Canada. It does
not cover most of the standard cold chain trade between Canada, the United States and
Mexico, as most of it is carried in refrigerated 53 foot trailer trucks. Two primary sets of
needs are covered. For the public sector there is a need to develop a better
understanding of this specialized transport chain in view to reconcile public policy and
investments with the operational reality of cold chain logistics. For the private sector,
there is a need to better understand the market opportunities and the operational
challenges linked with cold chain logistics since they are linked with higher productivity
levels and represent a growing share of revenue for intermodal operators.

In both cases, the emergence of two separate systems is noted; one import-based and
the other export-based, which involve very different supply chains and locations. While
import-based cold chain logistics dominantly involve main consumption centres (a
function of population density), export-based cold chain logistics are linked with large
meat, fruits or fish producing areas. It is uncommon that these two locations correspond.

The main points to be examined include:

e The reefer cold chain market structure and its major players. To what
extent are reefer cold chain logistics services provided by specialized (niche)
players? What are the main interactions between the supply of reefers (and
their related transport capabilities) and the demand for temperature
sensitive goods? Most supply chains are now demand based. Is this also
primarily the case for cold chain logistics? Can different cold chains be
consolidated in the same reefer (such as for the cross-docking of retail
goods) or are cold chains specialized and product specific?

e The main equipment and infrastructure involved. What is the level of capital
intensiveness and flexibility of cold chain logistics equipment? To operate
specific reefer cold chain logistics, what are the main infrastructures required
and to what extent do infrastructure improvements result in enhancement of
the supply chain? What is the structure of cold chain logistics equipment
(ownership versus leasing) and does it differ with that of regular intermodal
operations? What are the fixed costs (e.g. equipment, warehousing) versus
variable costs (e.g. labour, energy) involved in the reefer cold chain logistics?

e Cold chain reefer flows. What are the major North American and Western
Canadian reefer trade flows? What is the level of seasonality and how is it
handled by operators?

e Ports and reefer cold chains. How are terminal operations organized to deal
with the requirements of reefer cold chains (e.g. dwell times)? Terminals are
offering a growing number of reefer plugs and storage areas for reefer cold
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chains, creating a terminal within the terminal. What are the major trends in
terminal design and developments to handle reefers?

e Inland transport and reefer cold chains. Trucking is the dominant mode for
inland distribution of reefers. To what extent is this dominance being
challenged and complemented by rail? For import-based cold chains where
does deconsolidation take place? At the gateway, port centric activities, such
as the banana trade or at inland ports that are also emerging platforms for
export-based cold chains? How reefers are repositioned to cope with the
natural imbalances between import and export-based logistics?

e Source loading. A new generation of reefers are now permitting source
loading, which is increasing the shelf life of cold chain goods since the cargo
is loading directly in a reefer at the source. What is the market potential of
reefer source loading and how are exporters using this to their advantage?
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FUNDAMENTALS OF COLD CHAIN LOGISTICS

The Cold Chain: A Science, Technology or Process?

The cold chain is a science, a technology and a process all at the same time. It is a science
since it requires the understanding of the chemical and biological processes linked with
perishability. It is a technology because it relies on physical means to insure appropriate
temperature conditions along the supply chain. It is a process since a series of well-
defined tasks must be performed to prepare, store, transport and monitor temperature
sensitive products.

A cold chain can functionally be considered as the close interaction between three
elements defining its technology:

e Product. A product has physical attributes requiring specific temperature and
humidity conditions. These conditions dictate its transport, which must takes
place in a manner that does not undermine its physical attributes to an extent
that is judged unacceptable. These physical attributes relate to how perishable
and fragile a product can be; how it handles the cold chain process. Otherwise,
the product may lose its commercial value in whole or in part.

e Origin / Destination. The respective locations of where a temperature-sensitive
product is produced and consumed. It underlines the difficulty of making a
product available at a market from where it is produced, which can be an
important constraint. Because of advances in cold chain logistics, it became
possible to use increasingly distant sourcing strategies, some of which are
spanning the world.

e Distribution. The methods and infrastructure available to transport a product in
a temperature-controlled environment. They can involve temperature controlled
containers (reefers), trucks and warehousing facilities.

Operational conditions within the cold chain must be consistent so that the processes of
load and transport integrity of the shipments are maintained.

Reefers in North American Cold Chain Logistics: Evidence from Western Canadian Supply Chains

THE VAN HORNE INSTITUTE



Load integrity

Process
Conditional
Product demand
\fecﬁﬂa/ag/
L Origin /
Distribution Destination
Transport
integrity

Figure 2: Elements of the Cold Chain (Technologies and Processes)

There are three fundamental problems that cold chain processes must address:

Conditional demand. The demand for a product at a market (or place of
consumption) is reliant on the quality of the delivered product. Each product has
a specific perishability. For some products, such as vaccines, value (and demand)
drops to zero if the shipment has been slightly damaged or otherwise spoiled.
Other products, such as produce (fruits & vegetables), see a decline of their value
in relation to the level of spoilage that took place during transit, since it will limit
their shelf life and commercial potential.

Load integrity. Relates to the load conditions that must be provided to insure
that a product maintains its value during transport. It can include adequate
packaging and packing. As well as the conditioning that the product must go
through before transport, i.e. being washed or cooled down. As previously noted,
the reefer has become a common temperature-controlled transport unit used to
insure load integrity since it can accommodate a wide range of temperature
settings and accordingly a wide range of temperature sensitive products.
However, reefers and many other refrigerated modes of transportation face the
empty backhaul problem, since the majority of refrigerated trades do not have a
return load.

Transport integrity. The series of tasks and safeguards that must be performed
to insure that the temperature controlled environment remains constant during
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modal transport, at the terminals and the distribution centres involved in the
transport chain. For instance, the temperature of a shipment is often constantly
tracked so that deviations can be rectified as soon as possible. An outcome of
more stringent requirements in transport integrity has been the setting of
specialized modes and terminal facilities specifically designed to support cold
chain logistics.

The Cold Chain Technology

Several technologies are closely interacting in a sequential manner to support a cold
chain (Figure 3):

e Monitoring. Usually refers to devices and systems able to monitor the condition
of the cold chain, such as temperature and humidity, throughout all of the
involved stages. These technologies provide a record of the integrity of the chain
and help identify potential weaknesses. For instance, the ISO 10368 standard
(1992) was established to provide a series of guidelines in order to monitor the
temperature of reefers.

e Fabrication. Cold chain products, such as food or pharmaceutical products are
fabricated in specialized facilities, requiring specific equipment and methods. For
instance, blast freezers are able to quickly freeze meat, preventing the formation
of damaging ice crystals. Once a product is ready to be shipped, various forms of
packing technologies (e.g. crates, perforated boxes) are available to help
maintain its temperature integrity as well as protect it from damage. Vacuum
packing is often used to efficiently pack meat and extends its shelf life. At the end
of the cold chain, modified atmosphere packaging is a technology, which is
increasingly used to extend the shelf life of cold chain products. Modified
atmosphere packaging surrounds the product with oxygen, carbon dioxide and
nitrogen. This process creates an optimal packaging environment by product
type.

e Storage. Unlike other commodities, cold chain products can rarely be made
immediately available for final consumption and must thus be stored in cold
storage facilities. Large refrigerated warehouses are used to store cold chain
products until an order has been filled. Further, specialized distribution centres
have been designed to support the efficient and timely storage of grocery goods
before being brought to the store. Among key technological issues for storage is
a better energy efficiency of the facility, while being able to maintain a range of
temperatures.

e Terminal. Since a growing quantity of cold chain goods are shipped
internationally, transport terminals such as ports and airports are dedicating
areas to cold chain logistics. A container port terminal commonly has dedicated
space available to store refrigerated containers. The decline in the use of reefer
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ships to the benefit of refrigerated containers is changing the network structure
of the cold chain and a greater usage of transshipment hubs.

e Transport. A range of transport technologies are available and have been
improved to transport cold chain goods. Reefer vehicles (e.g. trucks) and
containers (maritime containers and unit load devices® for air transport) are
among the most common technologies being used. They usually rely on attached
refrigeration plants, requiring a power generator.

Monitoring

[
_ Preparation methods B Packing

- Warehousing M8 Distribution center

_ Reefer storage

_ Reefers MM Power generators

Figure 3: The Cold Chain Technology

Depending on the type of product being transported through the cold chain, specific
temperature standards are enforced. For products such as fruits and vegetables, a breach
in integrity can lead to damage such as softening, bruising, unwanted ripening, colour
changes, texture degradation, and the development of rots and molds, all of which can
degrade their value and marketability. Although optimal transport temperature is
product specific and a wide variety of temperature settings can be selected, five
temperature standards are among the most prevalent:

e Deep freeze (-28 to -30 Celsius). The coldest temperature range that can be
maintained by conventional refrigerated units. This temperature range is used
mostly for transporting seafood (particularly shrimp, which is the world's most
consumed seafood) and ice cream.

* Unit Load Devices are containers that have been specifically designed to fit the cargo storage
area of an airplane.
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e Frozen (-16 to -20 Celsius). Used for transporting frozen meat, including beef,
poultry and pork. Frozen bakery (cakes, bread) also falls within this temperature
range.

e Chilled (2 to 4 Celsius). This range comprises the standard temperatures in a
refrigerator and is commonly used to transport fruit, vegetables and fresh meat
as it confers optimal shelf life without freeze damage.

e Pharmaceutical (2 to 8 Celsius). The temperature range at which most
pharmaceutical goods, like vaccines, are transported. However, pharmaceuticals
are rarely transported in ISO reefers, but in smaller refrigerated packages for van
and air transport.

e Bananas (12 to 14 Celsius). This is temperature range is chosen for one of the
world's most produced fruit that usually has its ripening controlled during
shipping. It is also used for most tropical fruits (oranges and pineapples) and
vegetables (tubers such as potatoes).

Temperature standards are easier to implement and monitor since they apply to a wide
range of temperature sensitive goods. Yet, reefers can also be adapted to maintain a
specific temperature requirement of any given product.

Temperature Integrity along a Cold Chain

A chain is as strong as its weakest link. This is of particular relevance for a cold chain
which preserves the integrity of a product by maintaining its temperature within a
specific temperature range. Many products, such as food, pharmaceuticals and some
chemicals, can be damaged when not kept within a specific temperature range. Thus,
supply chain integrity for temperature-sensitive products includes the additional
requirements of proper packaging, temperature protection, and monitoring. For
extremely high value cold chain shipments of small packages and reefer is not fail safe,
which in large part is fueling the growth of in-transit temperature monitoring. Attaching
monitoring devices to the freight insures the recipient that the product integrity was
maintained during transportation, and whenever a breach occurs, it helps identify the
location along the supply chain where the breach of integrity took place and potentially
suggest the identification of liability for the breach.
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Figure 4: Temperature Integrity along a Cold Chain

In Figure 4, a cold chain is maintained along several transport activities, but with two
potential breaches in its integrity. In the first case, the breach could involve the cargo
being left exposed during the unloading process (or a reefer not connected to a power
source during transshipment or the door left open for a too long a time). In the second
case, the product could have been stored in a refrigerated warehouse at a temperature
below the product's storage specifications. Therefore, the challenge remains to monitor
and detect the conditions in which products are exposed to intermittent and temporary
lapses in the integrity of the cold chain. These breaches of cold chain integrity often
result in a decline in the product's shelf life, if not its spoilage.

Due to the growth of temperature controlled shipments, particular attention must be
placed at identifying the locations, the equipment and the circumstances in which a
breach in integrity can take place:

e Transportation issues. During transport, a malfunction (or an involuntary
interruption of power) of the refrigeration equipment can, in a couple of hours,
compromise the cold chain depending on the ambient temperature. Since the
refrigeration equipment is designed to maintain a specific temperature level, a
load that was not previously cooled may place an undue stress on the equipment
to the point that the temperature cannot be brought to the specified range. The
reefer, due to wear and tear or defective equipment, may offer an improper cold
storage environment, including poor air circulation and defective insulation at
seals (such as doors). Drivers may also voluntarily shut down the refrigeration
unit to save on fuel costs, leave doors open for too long during deliveries or may
be forced by local legislation to cut idling time.

e Transshipment and warehousing issues. During the loading, unloading or
warehousing of a product, there are many potential situations where a cold chain
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can be compromised. For instance, a product can be left on the loading dock for
an extended period or the refrigeration unit can be turned off during
transshipment. Some warehouses can have poor temperature maintenance and
control, while others do not have different temperature storage facilities so all
the freight is stored at the same temperature.

Cold Chain Storage Facilities

Cold chain logistics depend on cold storage facilities. Like a standard distribution centre,
a cold storage facility provides a buffer along the supply chain. This buffer is, however,
contingent upon stringent time (shelf life) and temperature integrity conditions. A
contemporary large cold chain distribution centre is usually set as a cross-docking facility
where inbound loads are serviced on one side and outbound loads on the other (Figure
5). Inbound loads originate from a wide variety of local, national and international
suppliers reflecting the whole range of food products available in a large grocery store.
These deliveries are usually provided by third party logistics operators directly from food
producing facilities or through consolidated loads stored in their own refrigerated
warehouses. Outbound loads are customized shipments bound to specific grocery stores
with transportation often provided by a fleet of reefer vehicles owned by the retailer or
performed on its account. These deliveries are usually regional in scope, which
correspond to the market area of the distribution centre. Power consumption is the most
important operating cost for a refrigerated warehouse with labour coming second.
Locations able to offer lower cost energy are thus at an advantage in cold chain logistics.
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Figure 5: Large Scale Grocery Cold Chain Distribution Centre

Within the warehouse are several compartments of different temperatures to support
specific cold chain requirements that were previously identified. Ambient (20 degrees
Celsius), which commonly account for a large share of the square footage, is used for
standard non-perishable grocery products (e.g. canned goods, pasta, bread; or at least
goods that do not require cold chain transportation and storage). 'Banana' (10 degrees
Celsius) applies to a whole range of products such as bananas, citrus, fruits, potatoes and
onions. Chilled (2 degrees Celsius) is commonly for dairy products and meat, while freeze
(-10 degrees Celsius) relates to frozen goods such as ice cream, pre-prepared meals (e.g.
pizza), frozen vegetables, meat and seafood.

The growth of the intermodal transportation of reefers has increasingly required
transport terminals, particularly ports, to dedicate a part of their storage yards to reefers
for temporary storage purposes. This accounts between 1% to 5% of the total terminal
capacity, but can be higher for transshipment hubs or terminals in areas with an
important reefer trade. While the stacking requirements simply involve having an
adjacent power outlet, the task is more labour intensive as each container must be
plugged and unplugged manually and the temperature must be monitored regularly. It is
the responsibility of the terminal operator to insure that the reefers keep their
temperature within pre-set ranges. This requirement may not allow the usage of an
overhead gantry crane, implying that the reefer stacking area must be serviced by
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different yard equipment. Even if reefers involve higher terminal costs, they are very
profitable due to the high value commodities they transport.

Cold Chain Equipment

As mentioned the reefer is the generic name for a temperature controlled transport unit,
such as a van, small truck, a semi-trailer or a standard I1SO container. These units are
insulated and specially designed to allow temperature controlled air circulation
maintained by an attached and independent refrigeration power plant. A reefer is able to
keep the cargo temperature consistently cool or warm as the product requirements
dictate. The term reefer increasingly applies to refrigerated forty foot ISO containers with
the dominant size being 40 foot high-cube footers. While a regular 40 foot container
costs around $5,000, a reefer of the same size costs in the range of $30,000. This cost
differential is attributed to insulation and the refrigeration unit that keeps the
temperature constant. A reefer has less volume than a regular container of the same
size. A regular 40 foot high cube container can accommodate a volume of 76 cubic
meters, while a reefer of the same size handles 67 cubic meters (12% less). This
shortcoming is compensated by the heavier loads that are usually carried in reefers.

Proper air circulation must also be insured. Reefers have gratings on the floor and a
clearance of about 15 cm that must be kept between the cargo and the ceiling. Cold air
coming out of the refrigeration unit flows through the bottom part of the reefer and as it
warms up it (usually 0.5 °C to 3 °C), the air circulates towards the ceiling to flow back to
the refrigeration unit. The heat is the outcome of ambient temperature permeating into
the reefer, as well as the cooling of the cargo if it was loaded in at a warmer temperature
than the one maintained in the reefer. All reefers are painted white to increase the
albedo. (Albedo is the share of the incident light being reflected; high albedo implies less
solar energy absorbed by the surface). For instance a low albedo container can have its
internal temperature increase to 50 °C when the external temperature reaches 25 °Con a
sunny day, while a high albedo container sees its internal temperature increase to only
38 °C under the same conditions.

The refrigeration unit of a reefer requires an electric power source during transportation,
at a container yard, or anywhere a reefer is parked for any length of time (Table 2). For
the road transport of a reefer, either a clip-on generator (called genset; it attaches to the
upper front end of a reefer) or an underslung generator (attaches under a container
chassis) are used. Clip-ons are usually owned by maritime shipping companies and are
offered as an additional fee to their reefer service. Underslung generators are preferred
by trucking companies since they are linked with a chassis and require less handling than
a clip on generator. A driver can arrive at a terminal with a reefer and leave with a
regular container. For modes that can carry multiple containers, such as maritime and
rail, the capacity of the power system determines the number of reefers that can be
carried. Regular containerships have 10 to 20% of their slots adapted to carry reefers,
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with some ships having up to 25% of their slots being dedicated when servicing routes
with a higher intensity of refrigerated cargo (e.g. Latin American exports). The power is
directly provided by the ship's generator. In 2013, Hamburg Sud shipping line took
delivery of two containerships of 9,600 TEU, each with 2,100 reefer plugs. These account
for the world’s largest reefer capacity and have been deployed between Asia and South
America.

For rail movements, a single diesel generator is used to provide power to about 16 reefer
containers with 8 power plugs on each side. These genset units (often called power
packs) have the same dimensions as a 40 foot container and can use the same handling
equipment as intermodal containers. They are usually able to provide power for about 10
days without being refueled. A common loadout for unit trains is to have two stacked
genset units to power a group of 16 reefers. For smaller reefer loads, or for shorter
distances, clip-on generators are commonly used. There are regional differences in how
gensets are used in rail operations in North America. Genset are usually preferred when
long distances and batches of reefers are involved. Clip-ons are more suitable for shorter
distances since they can power a reefer for about 3 days before needing to be refueled.

Table 2: Main Power Generators for Reefer Transport by Mode

Power Source Generating Capacity (Time and
Volume)
Road Clip-on or underslung 3-4 days autonomy for one container.
generator
Rail Genset and clip-on Related to volume and distance. 2
generator stacked gensets for 16 containers for

10 days. Clip-on generators for
smaller volumes or shorter distances
for 3 days.

Maritime Ship power plant 10 to 20% of ship slots for the
duration of the voyage.

Intermodal Reefer plugs and gensets = 1to 5% of port terminal slot capacity.

Terminals (rail) As long as required for reefer plugs.
About 7 days (before refueling) for
gensets.

Refrigeration units are designed to maintain the temperature within a prefixed range,
rather than further cool the contents of the container. This implies that the shipment
must be brought to the required temperature before being loaded into a reefer, this
process requires specialized warehousing and loading / unloading facilities. A new
generation of reefers is coming online, equipped with an array of sensors monitoring
effectively the temperature and shutting the cooling plant off when unnecessary (reefer
temperature within the specified requirement). This will improve the reliability of
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temperature control and extend the autonomy of the reefer; less supervision and labour
is required.

The higher capital costs of the reefer and the additional equipment and monitoring
required result in higher shipping rates. To be profitable, a reefer must be used 4 to 6
times per year in revenue service. Due to the specific trades they service, reefers are
often repositioned empty or used as regular containers with their power supply turned
off. As such they are labeled as non-operating reefers. The reefer trade is based on a full
container load (FCL) and only point-to-point operations. Unlike the regular container
trade, there is no consolidation or deconsolidation or the loads of multiple customers
performed in reefer transportation, since they would increase the risk of damaging what
is being carried. Deconsolidation usually takes place either when the contents of reefers
are transloaded into domestic reefers or at the distribution centre when and where
orders are assembled for customers (particularly for grocery).
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NORTH AMERICAN REEFER COLD CHAINS

Main Stakeholders in Cold Storage Facilities

In the North American market, cold storage facilities come in two main functional
categories, public and private. The term “public” can be misleading since it relates to
private companies offering storage facilities on the open market (to the public), while
private facilities usually only service the cold chains of their corporations. For instance,
many large grocery chains operate their own cold storage facilities that are exclusively
used for their cold chain logistics, particularly from their cold storage facilities to their
stores. This is usually done to establish a level of control on the supply and the integrity
of the shipments, particularly since the level of activity is highly predictable. However,
the cold chain logistics services of these facilities are not available on the open market
and thus is not used for other cold chains. The facilities handling reefer containers are
mainly public due to the multiple origins and destinations involved and the seasonality
of most of the involved trades.

The amount of refrigerated warehousing space owned by the 25 largest North American
public operators increased by 40.3% between 2009 and 2014 to reach a total of 2.73
billion cubic feet. This growth is substantial and reflects the growing importance and
imprint of cold chain logistics in North America. The industry has also experienced a
consolidation with the evolution of five larger operators that dominate the market with
about 67% of the public warehousing space (Figure 6).
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Allied Frazen Storage, Inc.
Interstate Gold Storage, Inc.
Brookfield Cold Storage
Zero Mountain, Inc.
Confederation Freezers
Trenton Cald Storage, Inc.
Conestoga Cold Storage
Hanson Logistics

Congébec Logistics, Inc.
Frialsa Frigarificos S.A. de C.V.
Columbia Calstor, Inc.
Henningsen Cald Storage Co.
Nordic Logistics and Warghousing, LLD
Burris Logistics

Cloverleaf Cald Storage Co.
Interstate Warehousing, Inc.
Versalold Logistics Services
United States Cold Storage
Preferred Freezer Services
Lineage Logistics

AmeriCold Logistics LLC

0 200,000,000 400,000,000 600,000,000 800,000,000 1,000,000,000
Square Footage

Figure 6: North America’s Largest Public Refrigerated Warehouse Operators, 2014°

For instance, Lineage Logistics, the second largest operator in North America, is the
result of a recent merger of several smaller companies into a network of more than 100
facilities servicing several key port areas in the United States. Consolidation thus
supports the creation of a network of facilities offering a variety of cold chain services
and increases market coverage. The outcome of this process is likely to be a landscape
where a few large players offer comprehensive services across North America in
addition to a larger number of smaller regional and sectorial niche players.

Reefer Dichotomy: Import and Export Logistics

North American reefer cold chains have two distinct logistics, one which is import-based
and the other export-based. The dynamics of the majority of the import reefer trade is
consumption related, which involves distribution to large consumer markets. It is well
explained by the North American population density; the largest metropolitan areas are
the largest markets. In such a context the structure of cold chain distribution is a function
of the urban hierarchy with the largest cities usually first tier distribution platforms. Fresh
fruits are the commodity that account for the most reefer imports, most of it linked with
the tropical fruit trade.

It is because of the high demurrage cost for reefers, (5175 per day) and their relative
scarcity in relation to regular containers; the contents of reefers are usually transloaded
at a nearby port facility into 53 foot trailer trucks and are then brought to main
consumption markets. This is usually done for destinations that are less than two days of

> Source: Source: Global Cold Chain Alliance.
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trucking from the port (preferably one). For longer distances, the reefers are put on rail
and brought to a major inland distribution centre.

The dynamics of export-based cold chain logistics is completely different than the import
sector in terms of origins, destinations and economic sectors. While weight-wise, it is
twice as voluminous as imports, it deals with a lesser range of products and is assumed
by exporters able to provide large volumes of refrigerated trade. Meat and poultry
products dominate reefer exports.

Reefers at Container Ports

The majority of container terminals allocate some space for refrigerated containers
(reefers). This represents a separate and specialized port function that requires
equipment such as reefer plugs (power outlets) and labor to monitor the reefers while
they are being handled at the terminal. Although the handling of reefers at ports involves
additional costs, it also involves higher revenues due to the higher value of the cargo and
its time sensitivity. As a result, it commands premium rates.
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Figure 7 reveals two main trends concerning the availability of reefer slots by port in
North America:

e For the major container ports such as Los Angeles / Long Beach, Seattle,
Vancouver, Houston, Savannah and New York, the number of reefer slots is
proportional to the amount of container traffic. This implies that the reefer
business is a part of their function as commercial gateways to the North
American market.

e There are a number of smaller ports that are offering a larger number of reefer
slots in relation to their total containerized traffic (Figure 8). This implies a level
of specialization in the reefer business, either for exports (Oakland, Jacksonville,
and Halifax) or for imports (Wilmington, Port Everglades, Philadelphia, Hueneme,
and Tampa).

® Source: Web sites of port authorities and terminal operators.
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Looking at the number of reefer slots per thousand of TEUs handled gives a better
picture of the reefer port specialization in North America. The Average figure is around 1
to 1.5 reefer slots per thousand TEU of traffic. Ports having more than 2 reefer slots per
thousand TEU of traffic are considered to have a specialization in reefer logistics, more
than often in a particular sector. For instance, Wilmington and Hueneme have a strong
specialization in tropical fruit reefer imports.
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Figure 8: Reefer Slots per Thousand TEU of Port Traffic, 2012

A look at the reefer tonnage handled by American ports underline the different role they
assume for the import and export-based reefer logistics (Figure 9).
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Figure 9: Main Reefer Import and Export Ports in the United States, 2010’

Seattle and Oakland are important reefer export ports accounting for respectively 15.3%
and 13.0% of all reefer export tonnage. These ports, including Tacoma, offer the
advantage of commonly being the last ports of call on the transpacific return loops,
implying that reefer exporters using these ports have the convenience of having two or
three days less shipping time than using Los Angeles. For reefer imports, New York and
Wilmington accounted for 18.1% and 10.6% of the tonnage respectively.

’ Source: PIERS.
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WESTERN CANADIAN REEFER COLD CHAIN
LOGISTICS

In an investigation of reefer cold chain logistics in Western Canada quickly leads to the
conclusion that Port Metro Vancouver handles the majority of the regional and national
cold chain reefer traffic. The port accounts for roughly half the Canadian reefer trade
(Table 3). By analyzing the reefer flows into and out of Port Metro Vancouver, it is
possible to get a good picture of the trade and commodities involved. Limited reefer
trade is taking place through American ports. The analysis of reefer utilization in
Vancouver underscores the fact that Canadian reefer trade is imbalanced. Because of the
composition of the economy, particularly in Western Canada, reefer exports are more
substantial than imports by a factor of 50%; Western Canada is a sparsely populated but
resource rich region. The inland transportation of reefers, depending on the distance,
either takes place by trucking (distances of less than 800km) or by rail (usually above
600km).

Table 3: Reefer Activity at Selected Canadian Ports (2012)

Port TEU (2012) Reefer Reefer Share in Share of Reefer  Share of Reefer

Plugs Port Volume Exports (2010) Imports (2010)
(2012)

Port Metro 2,713,160 1,930 3.5% 45% 57%

Vancouver

Port of Halifax 416,572 1,000 ~8% 27% 12%

Port of 1,375,327 1,060 ~4% 17% 30%

Montreal

Port of Prince 564,856 92 - - -

Rupert

Saint John, NB 51,008 286 ~10% 9% -

Table 3 illustrates that the two large import gateways of Vancouver and Montreal
account for about 87% of all the reefer activity. These two ports serve as distribution
platforms for the grocery sector on which the import trade is very much dependent. The
ports of Halifax and Saint John play a niche export role relating to the fishing and potato
(French fries) industry.
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Figure 10: Reefer Tonnage Handled by Port Metro Vancouver, 2008-2012

A detailed analysis of the reefer traffic at Port Metro Vancouver indicates that two
product groups comprise the majority of import and export reefer volumes (Figure 10).
The role of Western Canada as an export platform is underlined by the directional
differentials. Produce and meat, fish and poultry account for 92% of all reefer imports
while meat, fish & poultry and prepared food products account for 95% of all reefer
exports. The volume of exports is almost twice that of imports. Because of these volume
imbalances where there are more exports than imports, the availability of reefers for
exports is an issue that raises some concerns.

Case Study: Are the Lack of Reefers an Impediment to the Exports of Cold

Chain Products?

Conventional economic theory underlines that in order to have a commercial transaction
there needs to be a surplus at one location (origin), a demand at another (destination)
and the physical capability to carry the goods from the origin to the destination. It is
generally assumed that transportation is a derived demand since it does not exist on its
own but is the outcome of the economic activity of production and consumption.

These relations are more complex for the transport of refrigerated goods in reefers due
to the particular importance of the transport activity. This implies that in some
circumstances, the conventional derived demand paradigm is reversed to become an
issue of induced demand. In such a condition, the transport capacity is an important
demand driver as the availability of transport would be considered the most important

&

THE VAN HORNE INSTITUTE

Reefers in North American Cold Chain Logistics: Evidence from Western Canadian Supply Chains



factor. A trade movement is thus impaired not necessarily because there is a lack of
supply or demand, but because this trade cannot be effectively transported, either from
a volume, cost, time or reliability perspective.

In the Western Canadian context this perspective has regional variations. In areas such as
Vancouver and Winnipeg the large regional reefer export market (particularly for
Vancouver) implies that reefers can readily be found to support the demand. In provinces
such as Alberta and Saskatchewan very low levels of reefers exports are observed,
creating a negative feedback. The large majority of cold chain imports arrive through
domestic reefers transloaded in Vancouver. Maritime reefers are transloaded in
Vancouver in part because these are limited maritime reefer exports in Alberta and
Saskatchewan. The only way this cycle can be broken is if sufficient volumes of cold chain
exports eventually materialize. Therefore, although the availability and higher costs of
reefers in any parts of Western Canada appear to be a factor that is hindering exports,
evidence underlying such an assumption remains scarce. The lack of reefer containers is
indicative of an export sector that does not generate enough volumes, so a growth in
exports will provide incentives for carriers to make available larger pools of reefers.

Western Canadian Import-Based Cold Chain Logistics

Western Canada has two major import-based cold chain platforms: Vancouver and
Winnipeg. Vancouver serves several layers of the inbound reefer trade both at the
domestic and international levels. The two main categories of reefer imports (Produce
and Meat, Fish & Poultry) underline a trade that is dominated by East Asia (Figure 11).
China is the main provider of produce; while Thailand is the main provider of meat
(shrimp).

Imports bound to the British Colombia market are transloaded into trucks and then
distributed from the vicinity of the port. An active transloading business has emerged
such as Versacold, which is one of the largest cross-docking refrigerated facilities.
Vancouver also has a long distance national reefer trade function since about half of all
imported reefers are shipped by rail to Eastern Canada (mostly to the Toronto market).
While the two major railways (CN and Canadian Pacific) both handle reefers, CN has a
larger market share than CP.
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Figure 11: Top 2 Reefer Imports by the Port of Vancouver, 2012

The growing efficiency and reliability of cold chain logistics has enabled major grocery
store chains to establish large cold storage distribution facilities servicing large market
areas. This strategy confers economies of scale (lower operating costs) as well as the
ability to supply a wider variety of cold chain retail goods.

Case Study: Loblaws Distribution Centre, Regina, Saskatchewan

Loblaws Companies is the largest food retailer in Canada with more than 1,000 retail
stores operating under different franchises. In 2011, it opened a large distribution centre
located at the Global Transportation Hub inland port in the vicinity of Regina,
Saskatchewan (5 km from the city). It services most of the chain's grocery stores in
Western Canada. The facility was built on the cross-docking model, implying that inbound
cargo (from suppliers) is received on one side, grocery products are stored in the middle
and outbound cargo to grocery stores are on the opposite side.
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Figure 12: Outbound Sorting Area, Loblaws Distribution Centre, Regina

Food distribution relies on a very stable demand that must be satisfied in a timely
fashion, particularly for the distribution of perishable food products such as produce,
diary and meat. The tendency in the industry has been the consolidation of food
distribution in large complexes servicing extensive markets through outbound and
inbound gates on each sides of the distribution centre. The middle of the distribution
centre is allocated for the temporary storage of goods. The 1.1 million square foot Regina
distribution centre is comprised of several chambers:

e Grocery section with 285,000 square feet at room temperature.

e Produce section with a total of 35,000 square feet subdivided in a wet room
(10,000 square feet at 2 degrees Celsius mostly for lettuce), a citrus room (10,000
square feet at 7 degrees Celsius) and a general produce room (15,000 square feet
at 13 degrees Celsius).

e Dairy and meat section with a total 75,000 square feet at 2 degrees Celsius
(Figure 12).

e Frozen section with 82,000 square feet at -10 degrees Celsius.
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Each of these chambers has its own temperature range and a square footage relative to
the volume it handles. Orders taken from the racks are assembled (palletized) into
truckloads in front of loading doors. Each load will be delivered to a specific grocery store

in the market area serviced by the distribution centre (Figure 13), which encompasses
most of Western Canada.

Figure 14: Assembled Store Order Ready to be Loaded in a Refrigerated Truck

While the bananas are harvested in tropical locations such as Costa Rica or Thailand,
ripening commonly takes place close to the market in specialized facilities or increasingly
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in large grocery distribution centres that will include specifically designed rooms. Cartons
of green (unripen) bananas are commonly imported in reefers at a temperature of 13
degrees Celsius. After being brought to a specialized facility or grocery distribution centre
the cartons are loaded into the sealed ripening room (colloquially known as "banana
room"; Figure 15) with the temperature controlled to 17 degrees Celsius. Ethylene, a
natural ripening agent, is pumped into the room (at 1 ppm) and left for 24 hours. The
ethylene is then ventilated out of the room and the bananas are left to ripen for three to
four days depending of their initial condition and the ripening level the customer would
like. The ripened bananas are then ready to be delivered to grocery stores.

Figure 15: Banana Ripening Room
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To summarize, there are two main import channels for reefers (Figure 16). The first,
involves transloading near the port facility where the contents of refrigerated containers
are placed into domestic refrigerated containers and then brought by truck or rail to the
inland destination. The second is a direct road or rail transit to the inland destination.
Then, the empty reefer will be brought back to the terminal and on some rarer occasions
directly to an exporter. Although from a cold chain integrity perspective the direct transit
option is preferable, transloading dominate.

Tranloading

1 ® Typical of groceries.
» Reefer brought to refrigerated transloading facility.
» [ontents placed on domestic reefers and brought to DC.
= Maritime reefers brought back to port terminal (or depat).
* [ross-dockedat DC; orders built to specific grocery stores.

Direct Transit

» Reefer brought directly to DC by truck or rail (long distances and less comman).

» Reefer repositioned to port terminal (more common) or directly to exporter (less
comman).

Figure 16: Reefer Cold Chains: Import Channels

Western Canadian Export-Based Cold Chain Logistics

As mentioned in the previous sections, import and export-based reefer logistics involve
very different supply chains. The reefer export sector is dominated by meat, fish and
poultry exports, which is reflective of the characteristic of the Canadian economy (Table
4).

Table 4: Canadian Products and Export Areas for Reefers®

Product Production Area Primary Export Port
Meat & poultry Prairie provinces (Alberta, Port Metro Vancouver
(primarily chilled and Saskatchewan, Manitoba).

frozen pork) Maple Leaf is largest pork exporter,

moving frozen meat by rail from
Winnipeg from plants in Brandon,
Manitoba and Lethbridge, Alberta.
Maple Leaf also ships chilled meat
from Brandon, Manitoba by truck to

& Source: Adapted and improved from CPCS (2012).
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Vancouver.
Meat & Poultry Primarily Quebec and some from Port of Montreal
Southern Ontario
Fish & Seafood Pacific coast Vancouver, with some limited
exports out of Atlantic Canada
Fish & Seafood Atlantic provinces Halifax NS, Argentia NFL, with
some limited exports out of
Vancouver
Frozen vegetables Prairie provinces. Key exporters: Vancouver
(primarily frozen french - Maple Leaf: Lethbridge,
fries) Alberta (railed to Vancouver)
- McCain: two plants in
Manitoba, one in Alberta
(trucked to Vancouver)
Frozen vegetables Atlantic Canada Saint John NB (moves to
(primarily frozen french Key exporters: McCain: three Caribbean)
fries) factories in New Brunswick and PEI, Halifax
and two in Wisconsin, Maine. New York
Cavendish Farms.
Frozen fruits and BC mainland, Okanagan valley Vancouver, and to a lesser
vegetables extent Montreal
(frozen blueberries
significant)
Confectionary / sugar / Québec and Southern Ontario Montreal
cheese

The preference of exporters is to have reefers brought to the production site, have them
filled and then brought by truck or rail, depending on the volume and distance, to the
port for exports. This enables the exporter to take full control of the packing and integrity
of the shipment and to remove the risk of spoilage and damage if the load is handled by a
third party. When chilled meat products are involved, the preference is to use trucks
even over longer distances because of better reliability, less potential damage to the
contents and a more flexible scheduling. Thus, even if rail would be an effective
alternative for several supply chains, shippers tend to prefer trucking. Although a modal
shift from road to rail would represent a substantial change for cold chains, this may
require higher levels of supply chain management so that the availability and scheduling
of rail cold chain assets are better integrated with cold chain import and export
capabilities.

There are several alternatives to ship meat, which conventionally was in frozen form. This
state implies a loss of quality because of the ice crystals that are formed during the
freezing process (while blast freezing reduces this risk), can damage tissue and lower the
quality of the meat. Outside of transporting live animals, which is extremely complex,
there used to be no effective way to transport meat over long distances. However, the
development of cold chain technologies are now enabling the shipment of chilled meat
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(most of it vacuum sealed) over long distances. There are several options to do so (Table
5).

Table 5: Reefers and Source Loading in the Chilled Meat Cold Chain

Cold Transport Chain Transit Time North American Typical Shelf
West Coast / East Asia (Days) Life (Days)

Refrigerated truck / Cold-storage facility 4-5 30-35

transloading / Air

Refrigerated truck / Cold-storage facility 18-25 30-35

transloading / Maritime shipping

Source loading with Reefer / Maritime 18-25 55-60

shipping

The fastest and most expensive way to transport fresh meat is by air, which requires
bringing meat from the packing plant to a cold storage facility where shipments will be
brought to the "chilled" temperature range (around freezing point; 0 to -2 Celsius) and
placed into air transport containers. This expensive alternative is rarely used. Maritime
shipping can also be employed, but the usage of a cold storage facility to transload the
meat into reefers in addition to the 20 days that the ocean journey may take on average
(depending on the port of origin and the frequency of maritime services), shaves half the
expected shelf life, which offsets the advantage that this alternative is much cheaper.

The gradual increase in the number of reefers is permitting an additional form of cold
chain distribution: source loading. By source loading the cargo directly at the packing
plant into a reefer creates a notable time advantage in terms of the extension of the shelf
life by about 25 days. This is the outcome of the elimination of intermediary stages in
handling the cargo, which resulted in potential breaks in the integrity of the transport
cold chain. The advantages of an expanded shelf life, combined with the cost
effectiveness of maritime shipping result in a net gain of about 10 days of shelf life.
Chilled products exports are almost entirely dependent upon the usage of truck as they
as perceived as more reliable for these time sensitive movements. Both large and small
exporters are taking advantage of the benefits of source loading (see example below).

Case Study: Source Loading of Chilled Pork in a Reefer

There is a strong business case to export unfrozen meat at chilled temperatures (usually
at -2 Celsius for meat), with source loading the most convenient strategy. Its main
advantages involve no additional handlings of the perishable contents once the container
has been loaded, implying lower risks of damage or spoilage. Additionally, the integrity of
a shipment is guaranteed since it is sourced at only one location, locked and only to be
"touched" at customs and at the customer's receiving facility.
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Figure 17: Palletized Vac Sealed Pork Ready to be Loaded into a Reefer, Sunterra Meat
Processing Plant, Trochu, Alberta

The above photo depicts pallets of premium pork ready to be source loaded into a
maritime reefer container at a medium-sized meat processing plant in Trochu, Alberta
(Sunterra). This plant produces about 4-5 source loaded reefer loads per week bound to
Japan, a country that has very high standards for quality. The meat is prepared and cut to
the specifications of the customer, inspected, then vacuum sealed, boxed, palletized and
brought to the loading bay. The whole facility is refrigerated. Once slaughtered, the meat
is not exposed to a different temperature than chilled, a factor supporting additional
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shelf life. Once vacuum packed, chilled pork has a shelf life of about 50 days if the storage
temperature is continuously maintained.

About 17,500 kg of pork can be shipped per reefer container. The reefers are usually
floor loaded, which takes more loading time (approximately two hours), but confer a
better weight distribution so that boxes do not move and damage their content during
transport. Reefers are usually brought to the source loading facility on a "drop and swap"
basis, implying that an empty reefer is brought in and the driver then takes a full
shipment out. From the facility in central Alberta, reefers are trucked directly to the port
of Vancouver (2 days of driving) and will reach Japan (Tokyo or Yokohama) in about 21
days, leaving about 30 days of shelf life for the chilled pork to be sold on the Japanese
market. Without source loading and the reefer container, such an export opportunity
would not exist.

Based upon the reefer trade handled at the Port Metro Vancouver, a rough geographical
profile of the reefer exports was developed (Figure 18). The proximity effect is apparent,
with British Columbia dominating as the source of exports in all the main categories.
Manitoba ranks second, particularly as a meat exporter. Ontario and Quebec are also
exporting reefers through Vancouver with their higher economic diversity being reflected
in their involvement in all the main categories of reefer exports. Exports coming from the
United States are marginal and only of significance in the produce sector. Unlike imports,
there is limited seasonality in Canadian reefer exports since the meat, fish and poultry
and prepared food industries dominate. These sectors tend to provide consistent and
stable volumes. The only seasonality concern the produce sector, but the volumes
involved are comparatively small.
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Figure 18: Province of Origin of Reefer Exports by the Port of Vancouver, 2012 (in
metric tons)

The provinces of Alberta and Saskatchewan are in a unique category. The region can be
considered as a “reefer cold spot” as reefer exports comprise very limited volumes,
mostly meat exports from Alberta. This is an indication of untapped opportunities in the
meat, prepared food and dairy sectors. While Vancouver is the sole Western Canadian
gateway for reefers, the port of Prince Rupert may also be eventually be used, subject to
specific conditions set out below. Winnipeg, due to its central location within the North
American continent and the nature of the surrounding economy, is more of an export
than import platforms. Still, it has the advantage of being able to handle reefers
imported from East coast as well as West coast ports.

Case Study: Prince Rupert and the Potential to Accommodate Reefer Exports

The Port of Prince Rupert does not handle any significant number of reefers as its
terminal facility has 72 reefer plugs and no modern cold storage facility in the area. As
Prince Rupert is the closest main North American container port to Asia, it could be
expected to see an active trade of time sensitive cargo utilizing reefers. This is not the
case. The main reason is that although Prince Rupert is the first port of call for inbound
transpacific ships, these ships then call other West Coast ports and then loop back to Asia
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without calling again Prince Rupert. This service structure conveys a clear advantage to
Prince Rupert for inbound logistics, which were developed to service Asian imports and
supported the port’s growth. For reefer exports, this implies additional delays, making
the Prince Rupert option unsuitable at this point. In addition, COSCO, a main customer
for the port, does not carry much reefer business and is mostly focused on the regular
container trades, implying that inbound reefer cargo does not transit through Prince
Rupert. However, if maritime shipping companies decide to modify their routing
configuration to make Prince Rupert the last port of call on the outbound transpacific
routes, then the advantage of Prince Rupert as a reefer export platform would become
apparent and with expected benefits for exporters in terms of shipping time (one or two
additional days of shelf life). Under such circumstances, CN, the railway servicing the
port, would be able to provide long distance reefer train services to main load centres in
Western Canada. The market potential of such a trade is obviously difficult to assess, but
because of its geographical proximity to Asia, the port of Prince Rupert has some key
advantages over other West Coast ports.

For reefer exports, there are three main channels in operation. The first channel
comprises a domestic reefer haul that is trucked to a transloading facility in the vicinity of
a port. The contents are then loaded in a maritime reefer container and brought to the
port for export. The second channel involves an empty container that is brought to
exporter to be source loaded and then brought to a port terminal. This channel is
dominated by trucks. The third channel is the repositioning haul, which is much less
common. An import reefer is available locally or regionally and then repositioned to an
exporter to be source loaded.
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3 Domestic Reefer Haul

4| = Domestic reefer trucked to transloading facility near port
1= Contents loaded into reefers and brought to port

) Empty Haul/ Full Backhaul

* Empty reefer brought from port to exporter.
= Source |oaded and brought back to port.
* Dominated by truck hauls.

Repositioning Haul

* Empty reefer repositioned (local / regional) to exporter.
* Source |oaded and brought back to port.

Figure 19: Reefer Cold Chains: Export Channels
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CONCLUSION AND RECOMMENDATIONS

With the utilization of the I1SO reefer container, the cold chain industry is working
extremely efficiently aided by technologies, assets and operations that are increasingly
reliable. An ISO container can transport about 25 tons of cold chain goods into
international markets, extending the shelf-life of the products transported depending on
their nature. The growing reliability of cold chain technology creates extensive market
opportunities that were not previously available to exporters. There has been a modal
shift in cold chain distribution since it is now possible to ship chilled food by reefers that
previously could only have been carried by air freight and thus at a prohibitive cost. This
confers opportunities to ship greater volumes of cold chain products and consequently,
expand markets through economies of scale.

A large share of the cold chain trade in Western Canada is destined to the United States
and Mexico. This traffic takes place in refrigerated trailers hauled by trucks or trains. This
study did not focus on this aspect of the cold supply chain, but on the utilization of ISO
refrigerated containers used by maritime shipping companies to move cargo on their
deep sea networks. This is an important segment of the total refrigerated container
market, and is emphasized in this report because the use of ISO refrigerated containers is
expanding with the development of market opportunities that are bound to expand with
a growing demand for food, and in particular, meat, in global markets.

For Western Canada, this market opportunity is primarily in the Asia Pacific region, a
market that is now within operational range for chilled exports. This is particularly the
case when loading of the product takes place at the source. Canada is known as a quality
food provider and source loading enables greater integrity and a higher level of quality to
be delivered by the cold chain. The refrigerated goods market remains highly
competitive, particularly since American cold chain exporters have advantages derived
from their ability to offer higher volumes, good hinterland connectivity, and the
availability of a wider range of maritime services from their ports. In addition Canadian
exporters enjoy a slight time advantage, which could be enhanced if Prince Rupert starts
to handle ISO refrigerated containers. In such a case, the time advantage could be one or
two additional days of extended shelf-life of the product at destination.

An overview of the ISO reefer logistics industry in Western Canada identifies two distinct
chains:

e Import based reefer logistics are primarily adopted by large retail firms,
particularly in the grocery sector. For such chains, most maritime 1SO reefers are
transloaded at Port Metro Vancouver into domestic reefers and then shipped by
truck or by rail to regional distribution centres. This market is directly related to
the population density. Grocers have distribution branches that are
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professionally managed and their cold chain logistics are state of the art. Limited
changes are expected in this sector since it is linked to long term demographic
and macroeconomic processes. It was however, observed through interviews,
that consumers can change their preferences rather quickly, and since cold chain
food products involve discretionary purchases, demand will fluctuate with cycles
of growth and recession in the economy.

e Export-based reefer logistics are dominated by the large meat processing plants
that generate enough volume from one location to warrant dedicated rail or
truck services to the closest port for overseas exports. Small exporters are able to
obtain individual reefers on a regular basis because they are seen to be servicing
niche cold chains and cold chain markets. These reefers often need to be trucked
from either Vancouver or from an inland storage area such as Calgary or
Winnipeg. It does not appear to be, at this time, a large number of medium-sized
firms involved in cold chain exports. The potential entry of these firms into the
marketplace could have a significant impact on the volumes and the diversity of
the markets served. This sector is still in development with untapped export
opportunities.

Many stakeholders indicated through interviews, that there is a lack of reefer containers
in Western Canada, particularly in the Prairie Provinces, with Alberta being identified as
the most obvious case. This lack of containers is due to scale of operations and
operational conditions, and not evidence of a market failure. Large importers and
exporters are able to secure the ISO reefers they require for their activities through
various long term arrangements with shipping companies, rail operators and truck
operators. The situation is more challenging for small exporters who can account for just
a few reefer loads per week and therefore, do not generate enough volume to justify
dedicated services as referenced earlier. Since import reefers are usually transloaded at
the Port Metro Vancouver or shipped by rail to Winnipeg and Toronto, reefers that are in
demand in the Prairie Provinces must be repositioned to those points over some
distance. Many of those interviewed underlined that the repositioning of empty reefer to
serve the export market in the Prairie Provinces is an issue that cannot be readily solved
because of the inherent distinctions between the import-based reefer logistics chain and
the export reefer logistics chain. The shortage of reefers is related to the state or volume
of export opportunities currently available in parts of Western Canada, particularly in
Alberta and Saskatchewan. The British Colombian and Manitoban markets are
comparatively better served since they have a more extensive reefer export base.

Any perception that export opportunities are missed in Western Canada because of the
lack of reefers needs to be analyzed more closely. As stated, the shortage of reefers is
related to the state or volume of export opportunities currently available in Western
Canada. A potential exporter using ISO reefers must have a fundamental understanding
of the cost and complexity of the ISO reefer cold chain. This complexity includes an
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understanding of the perspective of carriers. For carriers, reefer containers are much
more complex to handle than regular containers, so they will provide substantial services
only if large and constant volumes can be secured. All of these factors are reflected in the
higher cost of ISO reefer operations. The reefer business is potentially more lucrative, but
at the same time, prone to higher risks that can only be effectively mitigated with a
sophisticated understanding of effective cold chain operations and management. In
addition, the current utilization of ISO reefer containers in Western Canadian markets is
challenging for shipping lines, which in particular, are in cost saving mode. For instance,
limited orders have been placed to expand the ISO reefer fleet, which is indicative that
the growth rate of the ISO reefer trade may be diminished in the coming years.

As an overarching comment, it can be stated that cold chain technological developments
and supply chain improvements are providing new opportunities for current and
potential exporters. While the nature and requirements of the established NAFTA market
for refrigerated goods are generally well known, the overseas market serviced by the
reefer trade represents not only an opportunity, but also a challenge. This challenge is to
find buyers for products that can be carried in ISO reefer containers, coupled with the
degree of cold chain logistics management that insures that the products reach their
destination market in prime condition with an acceptable shelf life. Given the nature and
complexity of the cold chain, an exporter should, before prospecting markets, discuss
with a 3PL / transport company, the resources that are required and available to support
the anticipated volumes into the identified market destinations. There are examples of
exporters pooling their resources to acquire ISO reefer containers when sufficient
volumes could consequently, be generated. Such an approach is prone to risks related to
higher acquisition costs, managerial complexities in addition to potential market
instability, which has extremely negative implications for many cold chain products.

While the usage of I1SO reefers is relatively new for imports and exports into Western
Canada, there is significant opportunity to be derived from the expansion of this trade
technology. There is a need for policy makers to better understand the industry, notably
in terms of the markets that are and can be served by ISO refrigerated containers,
coupled with a better understanding of the related cold chain operations. All of this, in
turn, will point to a significant growth opportunity that Western Canadian exporters are
already taking advantage of. As stated, global economic trends are indicative of rising
affluence in developing economies and additional demands for food products, many of
which contingent upon effective reefer logistics. High quality fresh or frozen Canadian
products certainly have a greater opportunity to gain market share.
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The Van Horne Institute was established to assist industry, governments, and the public
in addressing issues affecting transportation, supply chain management/logistics and
regulated industries that are relevant to the well-being and growth of industry and
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knowledge of a broad group of individuals representing all facets of the transportation
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