
Supply Chain Management 
Tools for Shelf-life Extension

Dr Silvia Estrada-Flores
Principal Consultant

2nd FSC Symposium
10-11 February 2011

http://www.foodsafetycentre.com.au/
http://www.freshfoodk.co.uk/images/productpic2.jpg


1) Perishable supply chains and temperature control :

-During transport

-During storage

-At retail and beyond
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Transport systems TYPICAL DIMENSIONS

Size (external dimensions) Typical

loading

capacity

TRANSPORT MODE

TYPICAL

COOLING

SYSTEMaINSULATED BODIES

COMMONLY USED

VAN OR COMPARTMENT IN MULTI-

TEMPERATURE TRUCK (URBAN/SHORT-

DISTANCE DISTRIBUTION)

TRUCK/TRAILER/SEMI-TRAILER (SHORT/

LONG-DISTANCE DISTRIBUTION)

RAIL (LONG-DISTANCE DISTRIBUTION)

AIRPLANE (LONG-DISTANCE DISTRIBUTION)

SHIP (LONG-DISTANCE DISTRIBUTION)

TYPICAL

VOYAGE

TIMES

1 TO 12 HRS

12 HRS TO

3 DAYS

3 TO 16 DAYS

1 TO 100 HRS

3 DAYS TO 2

MONTHS

M/D CM/E E/D

(1) Normal van with sidewalls and doors foamed with

polyurethane or polystyrene

(2) Insulated  box specially designed to fit inside a van

(3) Non-insulated van carrying (a) product packaged in

insulating materials and aided by phase change materials

or (b) insulated boxes with refrigeration coupled with vanôs

engine

EP

(1) Porthole container: Containers with portholes,

through which cold air from the shipôs refrigeration plant

can be delivered to the cargo space

(2) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may use energy supplied by the

on-board electricity system, an independent diesel

engine or cryogenic systems

(3) Refrigerated vessel: All or part of the holds are

insulated and have ducting to channel cold air from

evaporators using expanded refrigerant or brine

(1) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may run by means of a separate

engine or it may be coupled to the truckôs engine

(2) Insulated box: polyurethane or polystyrene layers

reinforced with fiberglass or steel

(1) Non-mechanically refrigerated insulated cars:  cooling

by (a)  dry ice or other cryogenic substances or (b) air

cooled by ice/water mixtures

(2) Mechanically refrigerated cars: run on electricity

supplied by a central power unit on the train or by an

autonomous motor

(3) Multi-modal container

L W H

3.265 m    1.736 m    1.633 mPanel van

Van truck 5.805 m    2.155 m    2.180 m 20.6 m3

13.4 m3

20 ft 6.096 m   2.438 m   2.438 m 33.0 m3

40 ft 12.192 m   2.438 m   2.438 m 54.9 m3

45 ft
High Cube

13.710 m   2.438 m   2.890 m 75.4 m3

REPRESENTATIVE

TYPES OF

TRANSPORT

Truck

Highway and

intermodal trailers

1st gen converted cargo vessel

1st gen converted tanker

2nd gen cellular containership

3rd gen Panamax class

4th gen post Panamax

5th gen post Panamax plus

1956-1970

1956-1970

1980-1988

1988-2000

2000-?

Years

Years

Years

Years

Years

1970-1980

Years

135 -200 m

215 m

335 m

275-305 m

13-14 m

250-290 m

<9 m

Draft

10 m

Draft

11-12 m

Draft

11-13 m

Draft

Draft

<9 m

Draft

500-700

TEU b

800

TEU

1000-2500

TEU

3000-4000

TEU

4000-5000

TEU

5000-?

TEU

 High Cube13.710 m   2.438 m   2.890 m 75.4 m3
45 ft

48 ft 14.500 m   2.580 m   2.920 m 88.0 m3

(1) Passive insulated system: Sizes vary depending on

specific needs of product.

(2) Active system: Envirotainer TM is the mayor

manufacturer of these units. All models have a similar

cooling range of -20 to +20 oC.

Capacities are: (a) model RAP =8.2 m3; (b) model RKN

=2.9 m3 (c) model CLD =0.164 m3

For container sizes see intermodal

trailers

135 -200 m

B 727-100

B 757-200

B 767-300

B 747-100

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft & Bulk hold

2.240 m      3.180 m          2.500 m 82 - 88 m3

11.9 m3

13.3 m3

155 - 178 m3

19.8 m3

30.3 m3

474 - 479 m3

41 - 47 m3

31 - 37 m3

301 - 344 m3

59 m3

47.5 & 28.3 m3

Double-axle insulated

wagon

Double-axle wagon

WAI28B 16.500 m  2.700 m   2.550 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

84.8 m3

WAF26 15.500 m  4.230 m   2.400 m 74.7 m3

Four-axle wagon A WAF36 21.480 m  4.060 m   2.400 m 107.1 m3

Four-axle wagon B WAF34.2 21.040 m  4.060 m   2.400 m 107.1 m3

Typical system comprises two ice

tanks and electric fans

integral containers, semi-trailers and swap bodies (see intermodal trailers)

a M/D: Mechanical/Diesel; M/E: Mechanical/Electricity; E/D: Vehicleôs engine or alternator; EP: Eutectic plates; C: Cryogenic;

b TEU= twenty-foot equivalent unit; a TEU is a measure of containerized cargo equal to one standard 20 ft container.
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Typical temperature 
profiles



Transport systems TYPICAL DIMENSIONS

Size (external dimensions) Typical

loading

capacity

TRANSPORT MODE

TYPICAL

COOLING

SYSTEMaINSULATED BODIES

COMMONLY USED

VAN OR COMPARTMENT IN MULTI-

TEMPERATURE TRUCK (URBAN/SHORT-

DISTANCE DISTRIBUTION)

TRUCK/TRAILER/SEMI-TRAILER (SHORT/

LONG-DISTANCE DISTRIBUTION)

RAIL (LONG-DISTANCE DISTRIBUTION)

AIRPLANE (LONG-DISTANCE DISTRIBUTION)

SHIP (LONG-DISTANCE DISTRIBUTION)

TYPICAL

VOYAGE

TIMES

1 TO 12 HRS

12 HRS TO

3 DAYS

3 TO 16 DAYS

1 TO 100 HRS

3 DAYS TO 2

MONTHS

M/D CM/E E/D

(1) Normal van with sidewalls and doors foamed with

polyurethane or polystyrene

(2) Insulated  box specially designed to fit inside a van

(3) Non-insulated van carrying (a) product packaged in

insulating materials and aided by phase change materials

or (b) insulated boxes with refrigeration coupled with vanôs

engine

EP

(1) Porthole container: Containers with portholes,

through which cold air from the shipôs refrigeration plant

can be delivered to the cargo space

(2) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may use energy supplied by the

on-board electricity system, an independent diesel

engine or cryogenic systems

(3) Refrigerated vessel: All or part of the holds are

insulated and have ducting to channel cold air from

evaporators using expanded refrigerant or brine

(1) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may run by means of a separate

engine or it may be coupled to the truckôs engine

(2) Insulated box: polyurethane or polystyrene layers

reinforced with fiberglass or steel

(1) Non-mechanically refrigerated insulated cars:  cooling

by (a)  dry ice or other cryogenic substances or (b) air

cooled by ice/water mixtures

(2) Mechanically refrigerated cars: run on electricity

supplied by a central power unit on the train or by an

autonomous motor

(3) Multi-modal container

L W H

3.265 m    1.736 m    1.633 mPanel van

Van truck 5.805 m    2.155 m    2.180 m 20.6 m3

13.4 m3

20 ft 6.096 m   2.438 m   2.438 m 33.0 m3

40 ft 12.192 m   2.438 m   2.438 m 54.9 m3

45 ft
High Cube

13.710 m   2.438 m   2.890 m 75.4 m3

REPRESENTATIVE

TYPES OF

TRANSPORT

Truck

Highway and

intermodal trailers

1st gen converted cargo vessel

1st gen converted tanker

2nd gen cellular containership

3rd gen Panamax class

4th gen post Panamax

5th gen post Panamax plus

1956-1970

1956-1970

1980-1988

1988-2000

2000-?

Years

Years

Years

Years

Years

1970-1980

Years

135 -200 m

215 m

335 m

275-305 m

13-14 m

250-290 m

<9 m

Draft

10 m

Draft

11-12 m

Draft

11-13 m

Draft

Draft

<9 m

Draft

500-700

TEU b

800

TEU

1000-2500

TEU

3000-4000

TEU

4000-5000

TEU

5000-?

TEU

 High Cube13.710 m   2.438 m   2.890 m 75.4 m3
45 ft

48 ft 14.500 m   2.580 m   2.920 m 88.0 m3

(1) Passive insulated system: Sizes vary depending on

specific needs of product.

(2) Active system: Envirotainer TM is the mayor

manufacturer of these units. All models have a similar

cooling range of -20 to +20 oC.

Capacities are: (a) model RAP =8.2 m3; (b) model RKN

=2.9 m3 (c) model CLD =0.164 m3

For container sizes see intermodal

trailers

135 -200 m

B 727-100

B 757-200

B 767-300

B 747-100

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft & Bulk hold

2.240 m      3.180 m          2.500 m 82 - 88 m3

11.9 m3

13.3 m3

155 - 178 m3

19.8 m3

30.3 m3

474 - 479 m3

41 - 47 m3

31 - 37 m3

301 - 344 m3

59 m3

47.5 & 28.3 m3

Double-axle insulated

wagon

Double-axle wagon

WAI28B 16.500 m  2.700 m   2.550 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

84.8 m3

WAF26 15.500 m  4.230 m   2.400 m 74.7 m3

Four-axle wagon A WAF36 21.480 m  4.060 m   2.400 m 107.1 m3

Four-axle wagon B WAF34.2 21.040 m  4.060 m   2.400 m 107.1 m3

Typical system comprises two ice

tanks and electric fans

integral containers, semi-trailers and swap bodies (see intermodal trailers)

a M/D: Mechanical/Diesel; M/E: Mechanical/Electricity; E/D: Vehicleôs engine or alternator; EP: Eutectic plates; C: Cryogenic;

b TEU= twenty-foot equivalent unit; a TEU is a measure of containerized cargo equal to one standard 20 ft container.

Multi-compartment, multi-
drop units
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Transport systems TYPICAL DIMENSIONS

Size (external dimensions) Typical

loading

capacity

TRANSPORT MODE

TYPICAL

COOLING

SYSTEMaINSULATED BODIES

COMMONLY USED

VAN OR COMPARTMENT IN MULTI-

TEMPERATURE TRUCK (URBAN/SHORT-

DISTANCE DISTRIBUTION)

TRUCK/TRAILER/SEMI-TRAILER (SHORT/

LONG-DISTANCE DISTRIBUTION)

RAIL (LONG-DISTANCE DISTRIBUTION)

AIRPLANE (LONG-DISTANCE DISTRIBUTION)

SHIP (LONG-DISTANCE DISTRIBUTION)

TYPICAL

VOYAGE

TIMES

1 TO 12 HRS

12 HRS TO

3 DAYS

3 TO 16 DAYS

1 TO 100 HRS

3 DAYS TO 2

MONTHS

M/D CM/E E/D

(1) Normal van with sidewalls and doors foamed with

polyurethane or polystyrene

(2) Insulated  box specially designed to fit inside a van

(3) Non-insulated van carrying (a) product packaged in

insulating materials and aided by phase change materials

or (b) insulated boxes with refrigeration coupled with vanôs

engine

EP

(1) Porthole container: Containers with portholes,

through which cold air from the shipôs refrigeration plant

can be delivered to the cargo space

(2) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may use energy supplied by the

on-board electricity system, an independent diesel

engine or cryogenic systems

(3) Refrigerated vessel: All or part of the holds are

insulated and have ducting to channel cold air from

evaporators using expanded refrigerant or brine

(1) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may run by means of a separate

engine or it may be coupled to the truckôs engine

(2) Insulated box: polyurethane or polystyrene layers

reinforced with fiberglass or steel

(1) Non-mechanically refrigerated insulated cars:  cooling

by (a)  dry ice or other cryogenic substances or (b) air

cooled by ice/water mixtures

(2) Mechanically refrigerated cars: run on electricity

supplied by a central power unit on the train or by an

autonomous motor

(3) Multi-modal container

L W H

3.265 m    1.736 m    1.633 mPanel van

Van truck 5.805 m    2.155 m    2.180 m 20.6 m3

13.4 m3

20 ft 6.096 m   2.438 m   2.438 m 33.0 m3

40 ft 12.192 m   2.438 m   2.438 m 54.9 m3

45 ft
High Cube

13.710 m   2.438 m   2.890 m 75.4 m3

REPRESENTATIVE

TYPES OF

TRANSPORT

Truck

Highway and

intermodal trailers

1st gen converted cargo vessel

1st gen converted tanker

2nd gen cellular containership

3rd gen Panamax class

4th gen post Panamax

5th gen post Panamax plus

1956-1970

1956-1970

1980-1988

1988-2000

2000-?

Years

Years

Years

Years

Years

1970-1980

Years

135 -200 m

215 m

335 m

275-305 m

13-14 m

250-290 m

<9 m

Draft

10 m

Draft

11-12 m

Draft

11-13 m

Draft

Draft

<9 m

Draft

500-700

TEU b

800

TEU

1000-2500

TEU

3000-4000

TEU

4000-5000

TEU

5000-?

TEU

 High Cube13.710 m   2.438 m   2.890 m 75.4 m3
45 ft

48 ft 14.500 m   2.580 m   2.920 m 88.0 m3

(1) Passive insulated system: Sizes vary depending on

specific needs of product.

(2) Active system: Envirotainer TM is the mayor

manufacturer of these units. All models have a similar

cooling range of -20 to +20 oC.

Capacities are: (a) model RAP =8.2 m3; (b) model RKN

=2.9 m3 (c) model CLD =0.164 m3

For container sizes see intermodal

trailers

135 -200 m

B 727-100

B 757-200

B 767-300

B 747-100

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft & Bulk hold

2.240 m      3.180 m          2.500 m 82 - 88 m3

11.9 m3

13.3 m3

155 - 178 m3

19.8 m3

30.3 m3

474 - 479 m3

41 - 47 m3

31 - 37 m3

301 - 344 m3

59 m3

47.5 & 28.3 m3

Double-axle insulated

wagon

Double-axle wagon

WAI28B 16.500 m  2.700 m   2.550 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

84.8 m3

WAF26 15.500 m  4.230 m   2.400 m 74.7 m3

Four-axle wagon A WAF36 21.480 m  4.060 m   2.400 m 107.1 m3

Four-axle wagon B WAF34.2 21.040 m  4.060 m   2.400 m 107.1 m3

Typical system comprises two ice

tanks and electric fans

integral containers, semi-trailers and swap bodies (see intermodal trailers)

a M/D: Mechanical/Diesel; M/E: Mechanical/Electricity; E/D: Vehicleôs engine or alternator; EP: Eutectic plates; C: Cryogenic;

b TEU= twenty-foot equivalent unit; a TEU is a measure of containerized cargo equal to one standard 20 ft container.
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Transport systems
Truck shipment of chilled fresh-cut salads from 
Brisbane to Sydney



Transport systems TYPICAL DIMENSIONS

Size (external dimensions) Typical

loading

capacity

TRANSPORT MODE

TYPICAL

COOLING

SYSTEMaINSULATED BODIES

COMMONLY USED

VAN OR COMPARTMENT IN MULTI-

TEMPERATURE TRUCK (URBAN/SHORT-

DISTANCE DISTRIBUTION)

TRUCK/TRAILER/SEMI-TRAILER (SHORT/

LONG-DISTANCE DISTRIBUTION)

RAIL (LONG-DISTANCE DISTRIBUTION)

AIRPLANE (LONG-DISTANCE DISTRIBUTION)

SHIP (LONG-DISTANCE DISTRIBUTION)

TYPICAL

VOYAGE

TIMES

1 TO 12 HRS

12 HRS TO

3 DAYS

3 TO 16 DAYS

1 TO 100 HRS

3 DAYS TO 2

MONTHS

M/D CM/E E/D

(1) Normal van with sidewalls and doors foamed with

polyurethane or polystyrene

(2) Insulated  box specially designed to fit inside a van

(3) Non-insulated van carrying (a) product packaged in

insulating materials and aided by phase change materials

or (b) insulated boxes with refrigeration coupled with vanôs

engine

EP

(1) Porthole container: Containers with portholes,

through which cold air from the shipôs refrigeration plant

can be delivered to the cargo space

(2) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may use energy supplied by the

on-board electricity system, an independent diesel

engine or cryogenic systems

(3) Refrigerated vessel: All or part of the holds are

insulated and have ducting to channel cold air from

evaporators using expanded refrigerant or brine

(1) Integral container: the refrigeration unit is fitted in the

insulated body; the unit may run by means of a separate

engine or it may be coupled to the truckôs engine

(2) Insulated box: polyurethane or polystyrene layers

reinforced with fiberglass or steel

(1) Non-mechanically refrigerated insulated cars:  cooling

by (a)  dry ice or other cryogenic substances or (b) air

cooled by ice/water mixtures

(2) Mechanically refrigerated cars: run on electricity

supplied by a central power unit on the train or by an

autonomous motor

(3) Multi-modal container

L W H

3.265 m    1.736 m    1.633 mPanel van

Van truck 5.805 m    2.155 m    2.180 m 20.6 m3

13.4 m3

20 ft 6.096 m   2.438 m   2.438 m 33.0 m3

40 ft 12.192 m   2.438 m   2.438 m 54.9 m3

45 ft
High Cube

13.710 m   2.438 m   2.890 m 75.4 m3

REPRESENTATIVE

TYPES OF

TRANSPORT

Truck

Highway and

intermodal trailers

1st gen converted cargo vessel

1st gen converted tanker

2nd gen cellular containership

3rd gen Panamax class

4th gen post Panamax

5th gen post Panamax plus

1956-1970

1956-1970

1980-1988

1988-2000

2000-?

Years

Years

Years

Years

Years

1970-1980

Years

135 -200 m

215 m

335 m

275-305 m

13-14 m

250-290 m

<9 m

Draft

10 m

Draft

11-12 m

Draft

11-13 m

Draft

Draft

<9 m

Draft

500-700

TEU b

800

TEU

1000-2500

TEU

3000-4000

TEU

4000-5000

TEU

5000-?

TEU

 High Cube13.710 m   2.438 m   2.890 m 75.4 m3
45 ft

48 ft 14.500 m   2.580 m   2.920 m 88.0 m3

(1) Passive insulated system: Sizes vary depending on

specific needs of product.

(2) Active system: Envirotainer TM is the mayor

manufacturer of these units. All models have a similar

cooling range of -20 to +20 oC.

Capacities are: (a) model RAP =8.2 m3; (b) model RKN

=2.9 m3 (c) model CLD =0.164 m3

For container sizes see intermodal

trailers

135 -200 m

B 727-100

B 757-200

B 767-300

B 747-100

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft hold

Main hold

Forward hold

Aft & Bulk hold

2.240 m      3.180 m          2.500 m 82 - 88 m3

11.9 m3

13.3 m3

155 - 178 m3

19.8 m3

30.3 m3

474 - 479 m3

41 - 47 m3

31 - 37 m3

301 - 344 m3

59 m3

47.5 & 28.3 m3

Double-axle insulated

wagon

Double-axle wagon

WAI28B 16.500 m  2.700 m   2.550 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

2.240 m      3.180 m          2.500 m

84.8 m3

WAF26 15.500 m  4.230 m   2.400 m 74.7 m3

Four-axle wagon A WAF36 21.480 m  4.060 m   2.400 m 107.1 m3

Four-axle wagon B WAF34.2 21.040 m  4.060 m   2.400 m 107.1 m3

Typical system comprises two ice

tanks and electric fans

integral containers, semi-trailers and swap bodies (see intermodal trailers)

a M/D: Mechanical/Diesel; M/E: Mechanical/Electricity; E/D: Vehicleôs engine or alternator; EP: Eutectic plates; C: Cryogenic;

b TEU= twenty-foot equivalent unit; a TEU is a measure of containerized cargo equal to one standard 20 ft container.
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Transport systems
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measurements made in a kiwifruit container travelling from New Zealand to Europe. The 

container air delivery set-point was -0.5 C̄ and the industry recommended product 

tolerance (0̄C ± 0.5 C̄ for this shipment) is shown in grey(Tanner & Amos, 2003)
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Cold storage
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Cleland, D.J. 2010. Temperature control 

and energy efficiency in cold storage. 1st

International IIR Cold Chain Conference.
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Cleland, D.J. 2010. Temperature control and 

energy efficiency in cold storage. 1st

International IIR Cold Chain Conference.
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Cold storage

COLDSTORE1V1.avi
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At retail and beyond

Derens et al. 2007. The food cold chain in France. IIR Conference 2007.
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Domestic refrigerator

NSW Food Authority, 2009
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Domestic refrigerator

NSW Food Authority, 2009

Å57 fridges tested.

Å23% of the fridges had anaverage T>5oC.

Å9% had an average T > 6oC. 

Å18% of the fridges had at least one period where the temperature 

stayed above recommended levels for2 hours or more. 

Å2 fridges stayed above proper temperatures for thewhole weekend 

they were monitored.



Monitoring Technology

VERITEC KOOLTRACK FOURIER SYSTEMS

COLE-PARMER

LOGTAG

TEMPTALE 4

TINYTAG

http://www.microdaq.com/fourier/microlog_plus/ec700.php
http://www.microdaq.com/logtag/trix-8.php
http://www.tinytag.info/products/product_Loggers_detail.asp?157,0,1,0,0


Monitoring Technology

OnVu (http://www.onvu.com/). Bayreuth, Germany

TI AND TTI

http://www.onvu.com/
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RFIDTraceability & Monitoring
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But monitoring temperature does not 
always translate into monitoring 
product quality.

More sophisticated systems are needed.
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CASE STUDY 1

Survival of Vibrio
parahaemolyticusand 
spoilage risks in the supply 
chain of live oysters

Tamplin, M., Fernandez-Piquer, J., Estrada-Flores, S. 

2010
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A short domestic supply chain

Collection
Transfer to 
processing 

shed

Sorting/ 
preparation
/ packaging

Transfer to 
storage

Storage
Loading in 

truck
Road 

transport

Unloading Retail shelves Consumer transport Domestic storage
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A short domestic supply chain
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After preparation

After storage at farm

After road transport

After retail storage before purchase
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Effect of storage temperatures and times 
measured in Tasmanian oyster farms on quality 
and costs
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Effect of storage temperatures and times 
measured in Tasmanian oyster farms on quality 
and costs



Cold storage
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What does this mean in terms of 
pallet cooling?

Cooling of Australian pallet (1.165 x 1.165 x 0.5 m), initial T=17 oC,

Heat transfer coefficient = 18 W/m2 oC
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Cooling times as a function of cold 
store and initial temperatures

Example:  Australian pallet (1.165 x 1.165 x 0.5 m), heat transfer 

coefficient = 18 W/m2 oC
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Comparison of cold storage costs

Assumptions of energy costs from 

the Aurora Energy website 

(http://www.auroraenergy.com.au/), 

August 2010 

http://www.auroraenergy.com.au/
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Comparison of cold storage costs
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Comparison of cold storage costs
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Probabilities of 

spoilage for each 

cold store 

temperature
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Summary of results
Cost assumptions from  CDI Pinnacle report, 2008

Results
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CASE STUDY 2

Growth of Listeria
monocytogenesin the 
supply chain of pre-cut 
lettuce

Authors: Higgins, A*., Estrada-Flores, S., Prestwidge, 

D*. 2010

*CSIRO Ecosystems Sciences
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Complex supply chains
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Some results

kStage Stage_TypeProcess_NoProcess_Type Temperature Tk, oC Time of stage, Dk, h

1 Harvesting 1 Growth 22.0000 2.0000

2 Idle time 1 Growth 22.0000 1.0000

3 Transport 1 Growth 5.0000 2.0000

4 Storage 1 T_fit-StorageProcess 3.0074 8.1020

4 Storage 2 Growth 3.0074 8.1020

5 Trimming 1 Growth 5.0000 0.3000

5 Trimming 2 Removal 5.0000 0.3000

6 Washing 1 Growth 5.0000 0.1000

6 Washing 2 Washing 5.0000 0.1000

7 Spinning 1 Growth 5.0000 0.1000

8 Stacking 1 Growth 5.0000 0.5000

9 Packaging 1 Growth 5.0000 0.1000

9 Packaging 2 Partitioning 5.0000 0.1000

10 Storage 1 T_fit-StorageProcess 3.0624 8.0772

10 Storage 2 Growth 3.0624 8.0772

11 Transport 1 T_fit-TransportRetail_Town 3.0875 1.7499

11 Transport 2 Growth 3.0875 1.7499

12 Storage 1 Growth 5.0000 5.0000

13 Transport 1 Growth 4.0000 1.0000

14 Storage 1 T_fit-StorageRetail 7.9946 48.7628

14 Storage 2 Growth 7.9946 48.7628

15 Transport 1 Growth 22.0000 1.0000

16 Consumer 1 T_fit-StorageConsumer 5.3250 212.0502

16 Consumer 2 Growth 5.3250 212.0502

Example of a 

potential 

scenario: from 

harvest in QLD 

to a consumer 

in QLD
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Some results


