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TRANSPORTATION OF GRAIN

SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

Source FAO 2012

Among the 20 highest produced commodities in the world, 

 4 are grain related (rice, wheat, soybeans and maize)

 representing 2,5 billions tons / year



TRANSPORTATION OF GRAIN

SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

 

Ratio valuation

Tonnage versus value, grain production 
represents a major issue :

Rice and wheat alone (which are the base 
commodities in the human food chain) 
represent a production value of  abt

250 billions USD



TRANSPORTATION OF GRAIN

SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

from 2012/2013 to  2017/2018 

Maize production increased about 17%

whereas wheat remained relatively stable (+8%)

(2017/2018 production figures in Mt)
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SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

But when it comes to international trade (2012-2013) : 

 Wheat is the n°1 perishable cargo transported in the 
world (bananas only rank 10)

 12 of these commodities (out of the 20 most int. 
traded) are related to grain
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SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

This map (FAO) shows how cereal

production and trade depends on a

few countries (notably exports)
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SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

In million Mt
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SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

Specifically regarding wheat

(in 1 000 Mt)

(til November for 2017)
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SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

This is even more representative :

This map shows the wheat productivity
per hectare in the world 

Only 7 regions of the world are highly
productive (dark green) and are in a 
position to generate exports
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SOME KEY FIGURES ABOUT INTERNATIONAL GRAIN PRODUCTION AND TRADE

Grain export is in the hands of a few 
countries / areas 

- Wheat market trends have 
evolved quite significantly over 
the last 20 years

- Whereas maize and oil seed
export areas remain quite stable 
(North and South America) 
represent abt. 2/3 of the world 
exports
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GRAIN TYPES

In « botanical terms », traded grain can be classified into two types :

- Cereals : rice, wheat, maize, etc… (grass type)

- Legumes : peas, soya, etc… (grain in pod)

In terms of risk of preservation / transportation, the classification should rather be as follows :

- Cereals : rice, wheat, barley, maize etc…

- Oil seeds : soya, rape seed, sun flower seed etc

which is a better representative of the scale of risk
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MARKET ORGANISATION

Trade of grains (raw product and processed product) is  strictly regulated by strong inter-
profesionnal organisations :

- GAFTA for cereals (grains else than FOSFA related) plus fishmeal and fertilizers

- FOSFA for oil seed, oil and seed cake

These associatations are drafting a number of contract models depending on the terms of the 
commodity, origin, type of sale, etc…

The agreed terms of inspection and accredited superintend are also 
regulated

Claim arbitration is held within strict rules by these 
associations
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MARKET ORGANISATION
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TRANSPORTATION OF GRAIN

KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

Potential life storage is impacted by the speed of consumption for carbohydrate : the slower it is, the longer the preservation of the commodity

Reserve  carbohydrate (C6 H12 06) + Oxygen (6O2) 

Carbon dioxide (6CO2) + Water (6H2O) + Energy (heat) (plus in some cases Ethylene (C2H2))

How to reduce the speed of this reaction :

- Reduce water availability (moisture content) : moisture control
- Reduce temperature : temperature control
- Reduce oxygen availbility : controlled or modified atmosphere
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KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

- Phase 1 : Degradation of nutrititional value (protein degradation, lipids degradation, increase in acidity,….)

- Phase 2 : Water migration, micro-organism growth (mold) and temperature increase self feed the cycle     

collateral effects : flair (non typical odour) and pest development
- Phase 3 : Heating process and water vapour production

- Phase 4 : Germination for raw grain (not for milled rice and cocoa beans as germination was inhibited by fermentation)

- Phase 5 « option » :  self-heating which may leads to self-combustion

What happens if you do not control these factors



TRANSPORTATION OF GRAIN

KEY FACTORS FOR PRESERVATION AND TRANSPORTATION



THE KEY FACTOR FOR GRAIN PRESERVATION

TRANSPORTATION OF GRAIN

KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

MOISTURE (%)

THE KEY FACTOR FOR GRAIN PRESERVATION

THE SECONDARY FACTORS

SANITARY CONDITION, TEMPERATURE CONDITION, PEST CONDITION
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KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

« PRESERVATION AREAS »



http://www.fao.org/3/a-a1392e.pdf

TRANSPORTATION OF GRAIN

KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

E.M.C. : MOISTURE (%)  
As per FAO CODEX ALIMENTARIUS

Commodity E.M.C. (max moisture for preservation)

Wheat 14,5%

Wheat flour 15,5%

Rice 15,0%

Corn 15,0%

Barley (common) 14,5%

Barley (beer) 14,0%

Sorghum 14,5%

Millet 14,5%
http://www.fao.org/3/a-a1392e.pdf



http://www.fao.org/3/a-a1392e.pdf

TRANSPORTATION OF GRAIN

KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

E.M.C. : MOISTURE (%)  

Commodity E.M.C. (max. moisture for preservation)

Cocoa beans 7,5% to 8,0%

Green cofee beans 12,5 to 13%

Soyabeans 14%

Soyameal 12,5%

Rapeseed 9%

Sunflower seed 9%

Peanuts 9%

Fishmeal 10%
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KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

These values are usual contractual sale specifications which are controlled and 
certified by superintendancy / inspection (GAFTA – FOSFA accredited).

Does this mean that a quality certificate, issued at loading by a first class
international company, is a guarantee that the commodity is fit to be transported
without risk of damage/moisture issues ?

POOLING QUESTION

YES NO
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KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

NO
Such a certificate is not a guarantee, for a number of reasons :

- The concept of moisture is dynamic and not static

But also

- The way the inspections are being carried out as per GATFA rule 124

Answer is





TRANSPORTATION OF GRAIN

KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

MOISTURE (%)

Loading in Winter in Santos :
- temperature 15°C  - RH 80%      EMC = 15%

Delivery to Algiers two weeks later
- temperature 25°C – RH 70% EMC = 13,5%
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KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

MOISTURE (%)

Which means :

- 1,5% of water available for migration  (= a migration capacity of more 
than 400 Mt water of a consignment of 30 000 Mt)

Migration of moisture as per « cold wall effect » (sea water 
temperature on the hull) and « hot point effect »

high moisture zone

- This excess of available water involves a « chain evolution »  and other
phenomenom (mold, germination, etc...) which is an exothermic
phenomenom = increase of temperature = favorable situation for pest
infestation and the condensation phenomenon
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KEYS FACTORS FOR PRESERVATION AND TRANSPORTATION

WHAT ABOUT INSPECTION ACCURACY ?

Sampling is performed in average.

Example : for a load of wheat of 25 000 Mt, it will
be 10 lots each of min. 40 increments, which
means a minimum of 400 sampling points.

Inspection companies are thereafter computing an 
average per hold or average per vessel.

The average can be « in spec » in spite of parts 
being « off spec »

water migration within the load
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RISKS



TRANSPORTATION OF GRAIN

KEYS RISKS
WATER MIGRATION DURING SEA VOYAGE & CONDENSATION

BASE : SHIPS ARE NOT BUILT TO VENTILATE THE CARGO BUT ONLY THE VOID SPACES

 Water migration : contractual sale norms cannot be assimilated to loss prevention norms

 Condensation (ship sweat or cargo sweat) :       
Principle : capacity of air to contain water is lowered as the temperature is reduced

We can ta 
A consignment is loaded under constant pressure of air (7600 mm of Hg) in the following thermal and hygrometry conditions of air : 

Loading in Abidjan: Air temperature : 38°C           Relative Humidity : 80 %  :         In these conditions, the air contains 0,03168 kg of vapour per m3.

Unloading at Hamburg :  Air temperature : -4°C             Relative Humidity : 40 %  :         In these conditions, the air contains only 0,0014 kg of vapour per m3.

Difference between the vapour capacities in the air, between expedition and destination, is 0,0354 kg per m3 = natural condensation  (in case of 1 000 m3 void space in a 
hold, natural condensation without ventilation can represent up to 35 liters of condensation water by natural effect ,which can be added water available due desorption

from the grain,

Rule  is « never ventilate if external dew point is higher than dew point in hold»…

From cold temperature areas (cold cargo) to warm atmospheric temperature areas – difficult or impossible to ventilate : risk of cargo sweat
From tropical temperature areas (warm cargo) to cold atmospheric temperature areas – risk of condensation is aggravated by decreasing of the 
EMC point  = desorption
For this reason, grain produced and exported from tropical areas (example cocoa beans) always represent a higher risk factor than grain 
produced and exported from more temperate areas (example wheat)
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KEYS RISKS
TEMPERATURE

BASE : GRAINS ARE NEVER TRANSPORTED UNDER CONTROLED TEMPERATURE 

However

grain loaded at high temperatures (above 25°C) is a risk factor :

• Infestation, germination, self heating, self combustion… in addition to ship’s sweat

grain loaded at low temperatures (below 0°C ) is a risk factor :

• Cargo sweat

Risk related to the ship : Onboard the vessel, grain that is loaded in a hold next to the engine room and fuel or 
ballast tanks can be exposed to high temperature  (moisture migration, maillard reaction, etc…)
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KEYS RISKS
FUMIGATION

BASE : FUMIGATION IS CONDUCTED ONBOARD THE VESSEL
Either by phosphine or methyl bromide

(which are usually the only two active agents authorised internationally in grain)

 Efficiency : limited in time : depending on application, level of product used and 
temperature (usually max authorized for phosphine 15 grams / m3)

 Fumigation is not always sufficient protection (in case of multimodal vessels –
disinfection of ventilation ducts, bilges etc… is also recommended)

 Dangerous for humans (IMDG code – exposure limit is varying from country to 
country – Europe LVE = 0,1 – 0,3 ppm)

 Necessity of gas freeing (gas free certificate) to avoid exceeding the MRL 
(Maximum Residue Level which can result in a rejection) – Phosphine MLR usually
0,1 mg per Kg

Recommendation :

• Only agree on GAFTA 
certified fumigation 
companies

• Refumigation after 30-60 
days depending on 
temperature
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KEYS RISKS
SELF HEATING  - SELF COMBUSTION

BASE : CEREALS ARE NOT HIGHLY SENSITIVE (EXCEPT MAIZE)
OLEAGINOUS SEEDS AND MEALS ARE HIGHLY SENSITIVE

Reserve  carbohydrate (C6 H12 06) + Oxygen (6O2)  produces heat (plus other gases)

but oxydation of lipids produces much more heat

Illustration 
combustion of one gram of glucose produces abt. 15 Kjoules

Combustion of one gram of tripalmitine is producing abt. 3900 Kjoules

Available water (over EMC due to « off spec ») at loading or water migration during voyage
drastically accelerates the heating process which can cause self-combustion and fires onboard
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KEY RISKS
SELF HEATING  - SELF COMBUSTION

BASE : CEREALS ARE NOT HIGHLY SENSITIVE (EXCEPT MAIZE)
OLEAGINOUS SEEDS AND MEALS ARE HIGHLY SENSITIVE

Seed cake  is particularly affected as it is concerned by IMSBC depending on moisture and lipid content :

UN1386  - SEED CAKE
• mechanically expelled seeds contain more than 10% of oil or more than 20% of oil and moisture combined
• solvent extraction and expelled seeds contain no more than 10% of oil and when the amount of moisture is

higher than 10%, not more than 20% of oil and moisture combined (some exceptions)

class 4.2 (flammable solid) – may self heat slowly and if wet or it contains an important proportion of 
unoxidised oil, ignite spontaneously. 

Cargo must not be loaded if its temperature is 10°C higher than the ambient  temperature or higher than 55°C. Obligation to 
trace the age of the cargo. In case of the increased temperature of the cargo over 55°C, ventilation should be stopped and if the 
process continues an injection of carbon dioxide into cargo space, etc…
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KEYS RISKS
SELF HEATING  - SELF COMBUSTION

BASE : CEREALS ARE NOT HIGHLY SENSITIVE (EXCEPT MAIZE)
OLEAGINOUS SEEDS AND MEALS ARE HIGHLY SENSITIVE

UN2217 - SEED CAKE 

• With no more than 1,5% oil and 11% moisture  (solvent process extraction)

class 4.2 (flammable solid) – may self heat slowly and if wet or containing an important porportion
of unoxidised oil, ignite spontenaously. 

cargo must not be loaded if temperature is 10°C higher than ambient  temperature or higher than 55°C. Obligation to trace the 
age of the cargo. In case of the increased temperature of the cargo over 55°C, ventilation should be stopped and if the process 
continues, injection of carbon dioxide in cargo space, etc…

Particular mention Fish meal : class 4.2 (or class 9 if antioxydant treated)
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KEYS RISKS
CONTAMINATION - REJECTION

BASE : GRAINS ARE SUBJECT TO CONTAMINATION WHICH CAN RESULT IN REJECTION

• Origin contamination  : inherent contamination to production (example wheat ergot which can result
in an import rejection – Egypt is very sensitive to this issue)

• Vessel contamination : the issue of previous shipments is sensitive per FOSFA rules regarding the 
transportation of oil but is also becoming more sensitive for grain

• reference codes such as GTP (Good trading practices) arising from IDTF (international 
Data Transport (for) Feed) are influencing new practices / rules related to the safe
transportation of grain - www.icrt-idtf.com/en/index.php GAFTA is working on the 
subject and increasingly strict rules shall soon appear

Example: 
• not permitted to use a means of transport previously used for the 

carriage of waste
• Cleaning rules depending on nature of previous shipments, etc… 

http://www.icrt-idtf.com/en/index.php
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Conclusion

The transportation of Grain is usually considered low risk practice due to :

- Strict market and inspection framework

- Long shelf life potential and slow evolution of the product

Reality is quite different

As regards to transport risk, the situation is a bit different as thermodynamics are involved during
transportation and the transport operation impacts and may accelerate the life of grains, mostly due to 
moisture migration.

In addition, in trade practices and rules, grain is increasingly becoming a more food related product (in terms
of food safety) than a dry bulk cargo….  Involving a new generation of risks…



2014 – Brazil loaded on board of the MV « Catastroph »

30 000 MT maize loaded on board of the vessel - 6 600 000 USD

First class inspection company certificate at loading time « in spec » 

+  Gouvernemental agency for agri. Inspection certifying « in spec » results

= Clean on board BL’s

SPECIFICATIONS METHODS RESULTS 

MOISTURE MAX 15% USDA STANDARD 14,82% 

TEST WEIGHT 67 KG/HL MIN USDA STANDARD 75,40 KG/HL 

DAMAGED GRAIN MAX 5% USDA STANDARD 3,40% 

BROKEN MAX 5% USDA STANDARD 1,80% 

TOTAL AFLATOXIN MAX 20 PPB USDA STANDARD < 20 ppb 

AFLATOXIN B1 MAX 10 PPB USDA STANDARD < 10 ppb 

VOMITOXIN MAX 2 PPM USDA STANDARD < 2 ppm 

 



www.cl-

surveys.com

› The brazilian Ministry of Agriculture allowed loading to 15% max moisture

› The first class inspection company certified that 30 000 MT were loaded with

a moisture level of 14,8%

› No water ingression during sea voyage

› Spot moisture level discovered over 15% at destination in Algeria

Three problems :

 For the intended voyage (winter Argentina to warm region and considering the voyage duration), max critical moisture for the voyage 

was 14,5%   Additionnal 0,3% enabled water migration in maize within hold = mold & self heating process

 Investigating in Argentina, we discovered detailed data sheet from inspection company : maize was loaded up to 15,3 / 15,7% but the 

inspection company issued a certificate on average basis which enabled a result complying with legal max moisture.

 No ventilation for 20 days (instead of 10 days as normally for fumigation purpose)

=   4 200 000 USD loss
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100%

GRADUATE 
DIPLOMAS

50%

55%

45%
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EXPERIENCE
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INTERNATIONAL 
EXPERIENCE
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Our locations
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International Desk
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Centralized management 

from our Paris office

Team of specialised experts 

with complementary skills

Preservation of the 

recovery process

Service Master Surveyor

24h / 7 days



Contact us

24h / 7 days

+ 33 2 32 49 49 00

info@cl-surveys.com


