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Sustainability in the Food Chain
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CRA - ING
Unità di Ricerca nell’Ingegneria 
Agraria

The (ING) Agricultural Engineering Research Unit, since 
2004, is part of the 

Agricultural Research Council 
Italian Institution of Research and Experimentation 

• Under surveillance of Italian Ministry of Agriculture

• with general scientific competence in agricultural, 
forestry, food and aquaculture

Agricultural Engineering Research Unit



Bilateral Italy – UK, 29th Nov 2007, London CRA-ING AgriTechLab

CRA-ING, AgriTechLab

Near the head office of the CRA-ING is also available the so called

AgriTechLabAgriTechLab -- Lab. for the HighLab. for the High--Tech Tech 
Engineering ApplicationsEngineering Applications in Agriculture (and in Agriculture (and 
biosystems)biosystems)

The activities deal with the Agricultural Engineering 
discipline in the sectors:

Post-harvest technology, products physical properties, 
sensors and process engineering

Computer technologies and information systems

The entire agricultural process has to trend to a profitable production for the 
economic and social system (goods and services), maintaining a 

sustainability for environment and ecosystem (sustainable agriculture)
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Sustainability analysis of agro-food systems 
involves particular aspects still less studied, in 
terms of CO2 emissions, competitiveness, 
environmental impact and quality issues.

Two aspects are analysed on the base of 
experienced activity near CRA-ING:

� estimate for reducing CO2 emission of tractors

� Innovation on Logistic of perishable products: 
intermodal distribution, passive refrigeration
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In Italy, about 1.38 million agricultural holdings (APAT, 2007, 
ref data 2005), has an economic size of at least 1 
European Size Unit (ESU2). Among these holdings:

� 67% used less than 5 ha agricultural area, while 1% 
used 100 ha or more;

� 19% were holdings of the type specialist olives, 15% 
specialist cereals, oil seed and protein, 12% specialist 
vineyards;

� 50% of their agricultural area was situated in less 
favoured or mountain areas;

� 3% were organic farms

Source: APAT (Agency for Environmental Protection and Technical Services) – Italian Greenhouse Gas 
Inventory 1990-2005 - National Inventory Report 2007; Romano D. et al.



Bilateral Italy – UK, 29th Nov 2007, London CRA-ING AgriTechLab

,* ! �&
��
���

Agriculture sector (2002), accounted the 10.1% of the UE 
total CO2 emission (EEA, 2005 – cit Pettenella et al., 2006)

This value is confirmed also for Italy (Gaudioso, 2006 - cit 

Pettenella et al., 2006).

This means, that 44.8 Mt of the whole Italian CO2

equivalent net emissions in 2002 (443.8 Mt) are originated 
by agricultural activities (APAT, 2007).

Among this emission (APAT, 2007), the 85% (38.3 Mt of CO2

equivalent in 2002) are estimated to be associated to CH4

and N2O production (enteric fermentation, manure).
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Agric. Mechanization is strictly related to land use, tillage, 

plant or animal management, harvest and short-range 

transportation.

The contribution of CO2 emission is mainly attributable to 

fuel consumption.

For Italy, this contribution could be found in the residual 

quote (2002) of 6.6 Mt (15% of whole agriculture), excluding 

CH4 and N2O emissions.
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Italy’s fleet of agricultural motorized 
machines 2002 (UNACOMA, 2003)

104 461 3293 953 170total

7 587 632550 683
Other motorized 
machines

12 124 2721 590 738Self propelled

5 283 12657 348Combines harvester

79 466 2991 754 401Tractors

Installed power 
(kW)

UnitsType

Tractors represent the 44% of the whole fleet, but the 
76% of the installed power (and fuel consumption)
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4.271 645.2total

0.47182.6
diesel fuel for 
greenhouses

0.0312.5gasoline

3.771 450.1diesel fuel

Emitted 
CO2 (Mt)

Quantity 
(ML)

type

Conversion factors:

1L diesel fuel = 2.6 kg CO2

1L gasoline = 2.38 kg CO2

(Comune Brescia, 2006)

ENAMA, 2007

An estimation of emitted CO2 from agricultural machineries, 
was calculated using the consumption (2002) of agricultural 
fuels at concessional price 
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The 9.5% of the equivalent CO2 emitted by agriculture is 
due to the use of agro-fuels.

This value reaches the 65% when contribution of CH4

and N2O is excluded (CO2 only).

Considering only machines, this quote is 8.5% (57.8% of 
CO2 only).

The tractors contribution could be estimated as the 75-
80% (equal to the % of installed power) of the machine’s 
CO2 emission quote, approx. 3 Mt
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Koga et al. (2006) found that 

� in winter wheat production (Japan)

� 55% of the 826.2 kg ha�1 CO2 emission was 
released from kerosene and electricity use 
for grain drying

� the 45% from tractor-based field operations 

Fuel consumption-derived CO2 emissions under conventional and reduced 
tillage cropping systems in northern Japan” Agriculture, Ecosystems & 
Environment, Volume 112, Issue 4, March 2006, Page 407; N. Koga, H. 
Tsuruta, H. Tsuji, H. Nakano 
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Besides a small relative contribution (0.7%) on the whole 
CO2 equivalent emission in Italy (2002), tractor’s role have 
to be considered in a global strategy of GHGs reduction, 
especially in agriculture.

Moreover, it has to be considered (APAT, 2004):

� 2/3 of the tractors are older than 10 years

� 1/3 are older than 15 years
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Classification of tractors on the base of 
their fuel consumption

Classification depending on tractor fuel efficiency 
(efficiency of the engine and the transmission) was 
established by Gil-Sierra et al. (2007) for 245 tractors 
sold in Spain.

Indexes have been obtained from official tests performed 
in stations which follow the OECD test codes. 

Also CRA-ING is official OECD test station.

Energy efficiency in agricultural tractors: a methodology for their 
classification. Gil-Sierra, J.; Ortiz-Canavate, J.; Gil-Quiròs, V.; 

Casanova-Kindelàn, J.; Applied Engineering in Agriculture 23 (2), 
2007, p.145-150
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Fuel consumption for power at rated speed for 214 
models of tractors sold in Spain

from Gil-Sierra et al. (2007) 
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� Number of models 
for 214 tractors in 
each category of 
energetic efficiency 
(Fuel consumption for 
power at rated speed)

� Each area represents 
a bandwidth of 7% 
around the average 
line

from Gil-Sierra et al. (2007) 
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Near 1.3 Million of Italian tractors could be attributed to the G 
or F classes (higher consumption).
The difference with the more efficient classes (A-B) could 
range between 25-30%.
A policy of machine modernization could save up to 0.5-0.6 
Mt of CO2 emissions per year, equal to 197 ML of diesel fuel 
(140 M€ in terms of value).

Other action is the additivation with biodiesel as established 
by UE reg.: 2.5% (31 Dec. 2008); 5.75% (31 Dec. 2010) 
(APAT, 2007)
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Italian fruit & vegetable export and logistic

Italy represent the first fruit & vegetable producer in 
Europe, contributing with the 24,3% to the European 
total (25 countries)

� Italian internal market doesn’t absorb anymore the offer
� Relatively high consumer prices attract foreign producers
� Exported products: 30% peach and nectarine; 35% 

apple; 50% grape; 70% kiwifruit.
� 4 National Union (270 PO) control: 60% of the national 

production; 35% in  terms of commercialized value
� New critical mass concept 
� Challenge: change mentality stimulating aggregations 

pro-export throughout LOGISTIC 
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Fruit & Vegetable transports
� 80% of transport, short range (Italy) and mid range (Italy and UE), 

utilise trucks 
� Only 10% of fruit & vegetable travel by train where rarely in 

refrigerated conditions  
� Impossible to supply electric power to conventional refrigerator

during train transport 
� Rigid timetables 
� Problems in return loads organization
� Combined transport (truck+train) of perishable goods is insignificant
� Integration of these means of transport results difficult

Two analyses examples are reported: 
1. Competitiveness evaluation will compare costs and 

timing of truck and combined (Intermodal) transport 
truck-ship-train along the route Vittoria (Sicily –
Munchen)

2. Innovative system based on passive refrigeration 
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The AGROLOGIS project

Competitiveness analysis of combined (intermodal) 
transportation in fruit & vegetable chain 
Dr. Daniele Ruggeri -
http://www.progettoagrologis.it/trasporto_combinato.pdf (2007)

To strengthen intermodal logistic 
chain dedicated to agro-food 

system of southern Italy

www.progettoagrologis.it

Actuated by:
� TRAIN consortium
� MAGSISTEM (Caserta) private SME
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Vittoria (Sicily) to München
(Germany)

TRAIN - refrigerated swap body 13.60 m length, loaded with 33 euro-pallet;

TRUCK - Refrigerated semi-trailer of 13.60 m (with tractor 15 m) with equivalent carrying 
capacity of the swap body

1. truck (by law) – 1800 km
2. truck (irregular driving)
3. Intermodal (trough Naples): truck 
(Vittoria-Catania 100 km), ship Catania-Naples, 
truck Naples – Marcianise (31 km); train 
(Marcianise – Munchen)

4. Intermodal (trough Salerno): truck 
(Vittoria Palermo 222 km), ship Palermo-
Salerno, truck Salerno – Marcianise (77 km); 
train (Marcianise – Munchen)

Truck by law : commercial speed 60 km/h, 
two drivers, prescribed pauses for driving 
timetable (reg. UE 2002/157CE)
Truck (irregular driving) : driver interviews –
no pause and speed over the limits
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Vittoria (Sicily) – München (Germany)
costs comparison (Elaboration Magsistem, AGROLOGIS)

 € 2.491 

 € 2.187 

 € 1.766  € 1.795 

-

500

1.000

1.500

2.000

2.500

 Strada teorico Strada non a
norma

Combinato
Via Napoli

Combinato via
Salerno 

Truck (by law) Truck 
(irregular)

Intermodal
(through Naples)

Intermodal
(through Salerno)

Intermodalities resulted more convenient of both: truck (in law) (-29.1% 
trough Naples and  –28% trough Salerno); irregular truck driving (-

19.2% Naples and –17.9% Salerno)
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Truck (by law) Truck (irregular) Intermodal
(through Naples)

Intermodal
(through Salerno)

Vittoria (Sicily) – Munchen (Germany)
transit time (Elaboration Magsistem, AGROLOGIS)

Intermodalities present longer transit times due to numerous route interruptions 
(changing between media). Trucks (in law) reduce the time needed between 21 
and 19 h through Naples and Salerno. Irregular truck driving significantly decrease 
the transit time.
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� reducing transit times is crucial

� increasing of transported amounts could permit to dedicate 
specific shipments and timetables of ship and trains: from 
individual wagon to block train

� providing incentives for sea and rail transport

� stipulating commercial agreements with train operators, 
applying a reduction of 30% on the base price, ensuring the 
delivery of a block train per week for a arranged period

� programming a block train/week transporting swap bodies 
(e.g. passive refrigeration systems PRSTM) will be possible to 
establish timetables dedicated bringing into consideration 
loading and unloading mean times at production level and 
wholesalers delivery
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NOMOS, an Italian SME, presented an innovative system 
potentially very interesting for refrigerated intermodal transport 
of perishable agricultural products (www.refrigerazionepassiva.com)

Operating principle

Passive Refrigeration – PRSTM -
technology is based on thermal 
accumulation achieved through 
the freezing of eutectics. After the 
initial “Thermal Charge” the 
enthalpy of fusion provides a 
thermal autonomy (from 2 to 20 d) 
to maintain low temperatures (1-2 
°C) and high humidity (90-95 %) 
without further use of energy and 
cooling groups (“passive system”).
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Weight loss 
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Environmental impact 

The absolute lack of noise and polluting 
emissions.

Energy and cost savings

The improved thermal design results in higher 
efficiency and the possibility of using power only, 
or preferentially, during the night with cheaper 
energy which further improves the cost 
effectiveness.

Transport costs 

Power autonomy allows for the transport of 
the Passive Refrigeration™ equipment as dry 
ones virtually with the same cost, flexibility 
and reliability.

Intermodality is facilitated, like transport by 
train without energy supply requirements.

Competitive advantages
Preservation of quality

Stable temperature and higher relative humidity 
meet the best preservation requirements for fresh 
fruit and vegetables. 

Very limited weight loss were 
measured. 
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