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Outline

1. Measuring	sustainability:	what	indicators	really	say


2. Sensitive	"hot	spots”	


3. The	choice	of	functional	unit,	i.e.	production	for	whom/what	
purpose?



Sustainability: the typical “weak” representation

Sustainable	development	is	
development	that	meets	the	needs	
of	the	present	without	compromising	
the	ability	of	future	generations	to	
meet	their	own	needs.															
(Brundtland,	1987) Environment

SocietyEconomy



Sustainability: necessary conditions

Two necessary conditions for sustainability (H. Daly, 1990):


1. Resources should be used at a rate that allows their re-formation; 


2. Wastes should be produced at a rate which allows the environment 

to absorb them.
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Sustainability: a “cause-effect” input- state- output (ISO) 
representation



LCA: what is it?

From:	Skunca	et	al.,	2018	Journal	of	Cleaner	Production
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LCA in ISO representation
LCA says something on 

these flows…

… therefore assessing necessary condition 2 by H. Daly
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What are possible candidates for assessing necessary 
condition 1?
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What are possible candidates for assessing necessary 
condition 1?

Ecological	Footprint,	Water	Footprint,	Emergy…



What is emergy

Emergy	(i.e.	“solar	
footprint”)	is	the	amount	of	
solar	energy	directly	and	
indirectly	required	for	the	
production	of	a	product Aut
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as a sum of reciprocals of partial efficiencies weighted by
‘‘previous step’’ transformities, through the relation
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X

i
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Iterating the procedure from the final product back to
solar energy, through the inputs involved in the whole
chain of processes needed, we obtain
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which is only a function of the reciprocals of the partial
efficiencies oi, calculated as ratios of exergy flows. The
number of indices increases with the number of steps from
solar energy to the final product, following the routes
through each input. In the final steps of the backward
calculations of oi, when each input is converted to solar
energy, the transformity is 1 sej/J; therefore the transfor-
mity is not explicitly present in Eq. (7). In conclusion,
transformity can be expressed in terms of exergy alone, and
emergy as well, since emergy is expressed by Eq. (5).

This notation, albeit correct, is not readily understood
and applied. We therefore generalize the formula to make
it easier, though less ‘‘economic’’. We consider only two

indices m ¼ 1; . . . ;M and n ¼ 1; . . . ;N, which are the
number of (direct and indirect) inputs to the process and
the maximum number of steps required from solar energy
to the final product, respectively. To clarify further, M is
the total number of inputs required in the transformation
from solar energy to final product, and may be large for
complex processes. For n‘s requiring fewer transformations
than N, a number of 1’s are added to reach N. Thus we
obtain the following formula:

t ¼
XM

m¼1

YN

n¼1
onm, (12)

where certain onm have the same value since they connect
the same input to the output.
Fig. 2 describes the agricultural production of wheat,

showing some of the inputs that are necessary for the
process. For the sake of simplicity, we have assumed that
the inputs are: solar energy, manure, machinery and fuels.
The path for the formation of each input is shown, starting
from solar energy. For manure and oil we assumed very
simple ‘‘linear’’ transformations; machinery, on the other
hand, is the result of a combination of steel and oil
(plastics). Steel, in turn, is obtained from iron and coal, the
‘‘precursors’’ of which are iron ore produced by the
geochemical cycle (for iron) and wood and peat (for coal).
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Fig. 2. Simplified model of wheat production. The model shows all the exergy flows directly or indirectly needed for the process and the partial efficiencies
of the backward steps to the original solar exergy source.
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What emergy says

• UEV	—>	Inefficiency	in	transforming	solar	energy	
into	a	unit	of	final	product


• %R		—>		Percentage	of	emergy	that	is	renewable


• Emergy	Investment	Ratio	—>	Imports	Emergy/Local			


• Emergy	Density	—>	Emergy	flow	per	unit	area



Differences
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Differences
Emergy works here

LCA works here
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Results LCA

LCA	applied	to	poultry	shows	very	well	its	potentiality:	apart	from	direct	
ones,	chickens’	impacts	are	mostly	connected	to	feed	production.	
Typically	impacts	on	climate	(GWP)	shows	that	fodder	production	is	the	
highest	contributors	for	broilers	poultry.	Manure	is	usually	the	most	
important	item	for	Acidification	Potential	and	Eutrophication	Potential.	


All	these	factors	can	be	improved	by	the	adoption	of	proper	diets


Conventional	broiler	performs	better	than	organic	one.
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Results: other Footprints



Results: other Footprints



Different perspective according to the purpose

• “Fill	the	bellies”															FU	in	grams	or	Joules


• Provide		nutritional	elements															FU	in	grams	of	elements



Nutritional LCA (FAO, 2021)

“Tools	such	as	life	cycle	assessment	(LCA),	which	is	often	used	
by	food	system	actors	and	policymakers,	could	provide	a	
reliable	basis	for	assessing	and	comparing	sustainability	in	
different	contexts.	However,	LCA	methodologies	also	have	
some	limitations	and	often	fail	to	provide	sufficient	guidance	
on	environmental	and	nutrition	impacts	that	users	should	be	
capturing	when	comparing	the	overall	sustainability	and	
health	impacts	of	different	food	products.	“

Jamie	Morrison,	Director,	Food	Systems	and	Food	Safety	Division	FAO



Nutritional LCA (FAO, 2021)



Conclusions

• LCA	provides	just	a	part	of	the	information	about	environmental	
sustainability


• Emergy	can	be	a	perfect	candidate	to	complement	LCA	information


• Always	check	Limiting	Factors:	if	water	is	a	LF,	sustainability	of	poultry	
will	be	at	risk	because	of	maize	and	soybean


• Mind	the	denominator:	are	we	comparing	the	same	“stuff”?	
Nutritional	LCA	(but	also	emergy	and	footprints)	can	help	answer	this
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