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Ecological Footprint 

Quantifies the biocapacity 
needed to support a 
population. 

Global hectares   

Water Footprint 

Quantifies the real  

and virtual water needed to 
produce a good. 

m3 of blue, green and gray water 

Carbon Footprint 

Quantifies climate change 
potentials during the  

production of a good. 

kg CO2-equivalent 

Energy Footprint 

??? 
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Overview of energy use in the European food sector 

 

Methods for assessing energy use and efficiency  

 

Energy in the food supply chain 

 

Sustainability from a thermodinamic point of view 

 

 

 

 

 

 

 

Structure of the lecture 
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Overview of energy use in 
the European food sector 
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https://ec.europa.eu/energy/en/news/ 
sustainable-energy-use-eu-food-sector 

Energy in food systems 

A new report  launched by the 
European Commission's Joint 
Research Centre (JRC) at EXPO 
Milano. 
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The food sector is a major consumer of energy: the amount 
of energy necessary to cultivate, process, pack and bring the 
food to European citizens’ tables accounts for 26% of the 
EU’s final energy consumption in 2013. 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Introduction 
Energy in food systems 



Departiment of Agriculture, Forestry and Food Science Interdisciplinary Research Institute on Sustainability 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Energy breakdown 
in the sector 

Energy embedded in the food consumed by the average 
EU-27 citizen, broken down by food production step. 

Energy in food systems 
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While the "end of life" phase including final disposal of food 
waste represents only slightly more than 5% of total energy 
use in the EU food system, food waste actually occurs at 
every step of the food chain.  
 
In 2014 the EU generated 100 million tonnes of food waste, 
primarily at the household level and manufacturing. Given the 
large amounts of energy involved in food production, 
reducing food waste is an important vector for improving the 
overall energy efficiency of the food system.  
 
Food waste also has the potential to play a role in renewable 
energy production as a feedstock for bioenergy production. 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Energy breakdown 
in the sector 

Energy in food systems 
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Different food products need very different amounts of 
energy per unit of mass depending on their nature, their 
origin and the kind of processing they have been subjected 
to.  
 
Refined products and products of animal origin generally need 
an amount of energy several times larger than vegetables, 
fruits and cereal products. 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Energy in food 
Energy in food systems 
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European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Energy in food 

Energy embedded in the JRC food consumption basket for the average 
citizen, broken down for products and production steps. Units: MJ/capita. 

Energy in food systems 
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European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Energy in food 

Energy embedded in the production steps and products making up the JRC 
food basket. *Units in MJ/kg or MJ/l (for beer, milk and mineral water). 

Energy in food systems 
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While the EU has made important progress in incorporating 
renewable energy across the economy, the share of 
renewables in the food system remains relatively small. 
 

Energy in food systems 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Renewable energy 
in the sector 

Energy embedded in the food consumed by the average EU-27 citizen 
in 2013, detailed per energy source (left) compared to the overall EU-
27 energy consumption mix in 2013 (right) 
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The relatively low share of renewables in the food sector is 
also linked to the fact that about one fifth of food consumed 
in the EU is imported from regions outside the EU where the 
renewable share is generally lower than 15%. 

Energy in food systems 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Renewable energy 
in the sector 

Energy embedded in the food consumed by the average EU-27 citizen 
in 2013, detailed per energy source (left) compared to the overall EU-
27 energy consumption mix in 2013 (right) 
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Energy in food systems 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Renewable energy 
in the sector 

Sources of energy embedded in the JRC food basket in units 
of mega joules (MJ) in absolute terms. Units: MJ/capita. 
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European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Renewable energy 
in the sector 

Sources of energy embedded in each of the products 
making up the JRC food basket in absolute terms.  
*Units in MJ/kg or MJ/l (for beer, milk and mineral water). 

Energy in food systems 
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Renewable energy can substitute fossil fuels, partially or 
completely, in several food production steps, improving 
sustainability and contributing to decoupling the food costs 
from the oil price.  
 
Thanks to Renewable Energy Directive targets the amount of 
RE in the food production in Europe will grow. On top of that, 
farmers and companies can directly buy RE from a specific 
‘green’ energy supplier or even self-produce their energy, e.g. 
through biogas production plants or combined heat and 
power units fed with agriculture residues. 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Renewable energy 
in the sector 

Energy in food systems 
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Methods for assessing 
energy use and efficiency  
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Environmental space 
(Opshoor, 1995) 
 

Ecological Footprint   

(Rees, Wackernagel, 
1996)  

 

Water footprint 

 

NPP (Vitousek, 1986) 
 

HANPP (IFF Austria) 

 

 

 

Material Flow Analysis 

Wuppertal Institut, IFF, 
2000 
 

eMergy (Odum, 1996) 

  

exergy (Jorgensen,1998) 
 

Energy Flow Analysis (IFF) 

 

 

 

 

Life Cycle Assessment 

 

Carbon footprint 

 

 

 

 

"If all you have is a 
hammer, everything 
looks like a nail"  
Abraham Maslow 

Organizing environmental impact assessment methods 

METABOLISM BASED 
INDICATORS 

RESOURCE 
CONSUMPTION BASED 

INDICATORS 

ENVIRONMENTAL 
IMPACT BASED 
INDICATORS 
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EMergy analysis  
in food systems 
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EMergy analysis in food systems 

Exergy of a system is the 
maximum useful work 
possible during a process 
that brings the system into 
equilibrium with the 
environment  
  

"Efficiency diagram by Zureks" by Zureks - Own work. Licensed under Public Domain via Commons - 
https://commons.wikimedia.org/wiki/File:Efficiency_diagram_by_Zureks.svg#/media/File:Efficiency_diagram_by_Zureks.svg 



Departiment of Agriculture, Forestry and Food Science Interdisciplinary Research Institute on Sustainability 

Emergy (Embodied energy) is the sum of all the energy 
required to produce any goods or services, considered as if that 
energy was incorporated or 'embodied' in the product itself. 
  

“Emergy can be defined as the total solar energy equivalent 
which is used directly or indirectly to produce goods or services." 
(H.T.Odum, 1996, H.T. & E.C.Odum, 2000) 

EMergy analysis in food systems 
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EMergy analysis in food systems 
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La Rosa A.D., Siracusa G., Cavallaro R.,2008 Emergy evaluation of 
Sicilian red orange production. A comparison between organic and 
conventional farming. Journal of Cleaner Production 16:1907-1914 

EMergy analysis in food systems 
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La Rosa A.D., Siracusa G., Cavallaro R.,2008 Emergy evaluation of 
Sicilian red orange production. A comparison between organic and 
conventional farming. Journal of Cleaner Production 16:1907-1914 

EMergy analysis in food systems 
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La Rosa A.D., Siracusa G., Cavallaro R.,2008 Emergy evaluation of 
Sicilian red orange production. A comparison between organic and 
conventional farming. Journal of Cleaner Production 16:1907-1914 

EMergy analysis in food systems 
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La Rosa A.D., Siracusa G., Cavallaro R.,2008 Emergy evaluation of 
Sicilian red orange production. A comparison between organic and 
conventional farming. Journal of Cleaner Production 16:1907-1914 

EMergy analysis in food systems 
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The importance of a life cycle approach 
for energy use assessment 
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The importance of a life cycle approach 

http://eplca.jrc.ec.europa.eu/ 

Life Cycle Thinking 

- Overview of hot spot 
identification 
 

- Avoiding ”burden 
shifting” 

 



Departiment of Agriculture, Forestry and Food Science Interdisciplinary Research Institute on Sustainability 

The importance of a life cycle approach 

http://eplca.jrc.ec.europa.eu/ 

Life Cycle Thinking 

- Overview of hot spot 
identification 
 

- Avoiding ”burden 
shifting” 
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The European Platform on LCA is a project of the European Commission, 
carried out by the Commission’s Joint Research Centre, Institute for 
Environment and Sustainability in collaboration with DG Environment 
Directorate Green Economy. 
 
 
http://eplca.jrc.ec.europa.eu/ 

The importance of a life cycle approach 
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From cradle to grave 

From cradle 
to gate 

From cradle to 
consumer 

(            ) 

From cradle 
to trade or to 
market 

The importance of a life cycle approach 

System boundaries http://eplca.jrc.ec.europa.eu/ 
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From cradle to grave 

From cradle 
to gate 

From cradle to 
consumer 

(            ) 

From cradle 
to trade or to 
market 

From cradle to cradle 

The importance of a life cycle approach 

System boundaries http://eplca.jrc.ec.europa.eu/ 
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From cradle to grave 

From cradle 
to gate 

From cradle to 
consumer 

(            ) 

From cradle 
to trade or to 
market 

From cradle to cradle 

From gate to 
consumer 

The importance of a life cycle approach 

System boundaries http://eplca.jrc.ec.europa.eu/ 
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Cerutti, A. K., Bruun, S., Donno, D., Beccaro, G. L., & Bounous, G. (2013). Environmental sustainability 
of traditional foods: the case of ancient apple cultivars in Northern Italy assessed by multifunctional 
LCA. Journal of Cleaner Production, 52, 245-252. 

A case study: ancient apple cultivars from Piedmont 
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Cerutti, A. K., Bruun, S., Donno, D., Beccaro, G. L., & Bounous, G. (2013). Environmental sustainability 
of traditional foods: the case of ancient apple cultivars in Northern Italy assessed by multifunctional 
LCA. Journal of Cleaner Production, 52, 245-252. 

? 

A case study: ancient apple cultivars from Piedmont 
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Cerutti, A. K., Bruun, S., Donno, D., Beccaro, G. L., & Bounous, G. (2013). Environmental sustainability 
of traditional foods: the case of ancient apple cultivars in Northern Italy assessed by multifunctional 
LCA. Journal of Cleaner Production, 52, 245-252. 

A case study: ancient apple cultivars from Piedmont 
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Cerutti, A. K., Bruun, S., Donno, D., Beccaro, G. L., & Bounous, G. (2013). Environmental sustainability 
of traditional foods: the case of ancient apple cultivars in Northern Italy assessed by multifunctional 
LCA. Journal of Cleaner Production, 52, 245-252. 

A case study: ancient apple cultivars from Piedmont 
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FAO 2011. Global Food Losses and Waste. Extent, Causes and Prevention, 
available at: http://www.fao.org/docrep/014/mb060e/mb060e.pdf 

About a third of world production of food for human 
consumption is lost or wasted throughout the food chain each 
year (FAO 2011); about 24% when measured in calories. 
 
The percentage rises to 45% for the fruits and vegetables! 

A case study: ancient apple cultivars from Piedmont 
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FAO 2011. Global Food Losses and Waste. Extent, Causes and Prevention, 
available at: http://www.fao.org/docrep/014/mb060e/mb060e.pdf 

The energy wasted in food losses 
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FAO 2011. Global Food Losses and Waste. Extent, Causes and Prevention, 
available at: http://www.fao.org/docrep/014/mb060e/mb060e.pdf 

The energy wasted in food losses 

Part of the initial production lost or wasted, 
at different FSC stages in Europe 
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The energy wasted in food losses 

MJ/year 

Cereals 2828,28 
Roots and tubers 726,95 

Oilcrops 748,48 
Fruit and vegetables 606,06 

Meat 707,07 
Fish 187,88 

Dairy 1740,74 

TOTAL 7545,47 

... a very rough estimation of energy wasted in food 
losses by an average European 
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The energy wasted in food losses 

MJ/year MJ/day 

Cereals 2828,28 7,75 
Roots and tubers 726,95 1,99 

Oilcrops 748,48 2,05 
Fruit and vegetables 606,06 1,66 

Meat 707,07 1,94 
Fish 187,88 0,51 

Dairy 1740,74 4,77 

TOTAL 7545,47 20,67 

... a very rough estimation of energy wasted in food 
losses by an average European 

Run a large TV 
for 20 hours a 
day!!! 
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Energy in the food 
supply chain 
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Another important element of energy usage in the food 
transformation industry is transport and logistics, accounting to 
9.4% of energy embedded in food consumed in EU-27 in 2013 

Energy in the  food supply chain 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  

Means of transport 
for food imported 
into the EU- 8 in 
2013 (shares). 
Source: Eurostat — 
ComExt, 2015. 
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Energy in the  food supply chain 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  
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Energy in the  food supply chain 

European Commission, 2015. Energy use in the EU food sector: State of play and opportunities 
for improvement. Report EUR 27247 EN, Joint Research Centre, DOI: 10.2790/158316  
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1 kg  

Mila i Canals L., Cowell S.J., Sim S., Basson L., 2007. Comparing 
domestic versus imported apples: a facus on energy use. Env. 
Sci. Pollut. Res., 14:338-344  

Energy in the  food supply chain 
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1 kg  

Mila i Canals L., Cowell S.J., Sim S., Basson L., 2007. Comparing 
domestic versus imported apples: a facus on energy use. Env. 
Sci. Pollut. Res., 14:338-344  

Energy in the  food supply chain 
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Sustainability from a 
thermodynamic point of view 
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Sustainability from a thermodynamic point of view 

Principle of energy  
conservation 

The total energy of an isolated system remains constant—it is 
said to be conserved over time. Energy can be neither created 
nor be destroyed, but it transforms from one form to another 

Chemical Energy 
Energy from chemical reactions Nuclear Energy 

From plitting or combining atoms 

Mechanical Energy 
Energy of motion (kinetic energy) 

Energy associated with position (potential energy) 

Electrical Energy 
Energy from charged particles 

Heat energy 
Eenrgy from thermal processes 
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Cerutti, A. K., Calvo, A., & Bruun, S. (2014). Comparison of the environmental 
performance of light mechanization and animal traction using a modular LCA 
approach. Journal of Cleaner Production, 64, 396-403. 

Sustainability from a thermodynamic point of view 
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Sustainability from a thermodynamic point of view 

Cerutti, A. K., Calvo, A., & Bruun, S. (2014). Comparison of the environmental 
performance of light mechanization and animal traction using a modular LCA 
approach. Journal of Cleaner Production, 64, 396-403. 
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Sustainability from a thermodynamic point of view 

Cerutti, A. K., Calvo, A., & Bruun, S. (2014). Comparison of the environmental 
performance of light mechanization and animal traction using a modular LCA 
approach. Journal of Cleaner Production, 64, 396-403. 
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Taking into account eclusively the Global Warming Potential, 
animal traction allows to save 50 kgCO2eq./1000 m2 (94%) 

1 kg CO2-equivalents  

18.69 m2 of soil prepared 287.50 m2 soil prepared 

Mechanical traction Animal traction 

Sustainability from a thermodynamic point of view 

Cerutti, A. K., Calvo, A., & Bruun, S. (2014). Comparison of the environmental 
performance of light mechanization and animal traction using a modular LCA 
approach. Journal of Cleaner Production, 64, 396-403. 
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Wada, Y., 1993. The appropriated carrying capacity of tomato production: 
comparing the ecological footprints of hydroponic greenhouse and 
mechanized field operations.  Ph.D. Thesis. University of British Columbia 

Traditional 
field 

Hydroponic 
greenhouse 

Local yield 

7-9 times bigger 

Ecological 
footprint 

10-20 times bigger 

Sustainability from a thermodynamic point of view 
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Stationay system 

Themodynamic equilibrium 

Transient system 

Sustainability from a thermodynamic point of view 

Wackernagel, M., & Rees, W. (1998). Our ecological footprint: reducing 
human impact on the earth (No. 9). New Society Publishers. 
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STRONG 
SUSTAINABILITY 

WEAK 
SUSTAINABILITY 

"Nested sustainability-v2" by KTucker - Own work. Licensed under CC BY-SA 3.0 via Wikimedia Commons 

Sustainability from a thermodynamic point of view 
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Natural capital can be 
substituted by human 

capital 

Technological approach Ecological approach 

Reducing environmental 
impacts without changing 

lifestyles 

Mainining ecosystem 
resilience at any price 

Natural capital cannot 
be substituted by 

human capital  

STRONG 
SUSTAINABILITY 

WEAK 
SUSTAINABILITY 

Sustainability from a thermodynamic point of view 
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Improve resource use 
efficiency thorough 
machineries and 
materials development, 
but without changing 
consumption patterns. 

Investigate on productive 
systems in order to 
improve the resilience of 
the ecosystems and to 
lower the impact on 
environment even if 
solution would decrease 
yield. 

Carbon 
credits 

STRONG 
SUSTAINABILITY 

WEAK 
SUSTAINABILITY 

Sustainability from a thermodynamic point of view 
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Take-home messages 

1. Sustainability is primarly a thermodynamic issue 
 

2. Besides emissions, different forms of energy have 
different environmental burdens 
 

3. A life cycle approach is essential to avoid burden 
shifting 
 

4. Food miles are important, but they have to be 
evaluated in a life cycle perspective  
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