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Resource consumption in LCA
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LCAs investigate the burden placed on the environment
due to the production, use, and disposal of products or
services.

Metabolism of the 

technosphere= transformation of 

matter and energy 

One important aspect: Ăconsumption of 

resourcesñ
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Resource consumption measures

ÅDepletion vs. Consumption

ïĂHow much is thereñ vs. ĂHow much is it transformedñ

ïQuantity vs. Quality

ÅMeasures for characterizing impacts of resource 
consumption in LCA

ïDeaccumulation rates / Ultimate reserves (Guinée et al.)

ïFuture energy expenditure (Müller-Wenk)

ÅInclud. Functionality and back-stop technology (Stewart & 
Weidema)

ïExergy destruction (Cornelissen, Ayres, Dewulf, Finnveden, 
and others é)
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Defining (resource) consumption
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When something is consumed, it looses its 
usefulness (or part thereof) as understood 
by Ăthe number of things you can do with itñ

More precise: when matter or energy is 
consumed, they loose (part of) their 
Ăpotential utilityñ, which is the size of 
the set of possible production pathways
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Once youôve decided on a production 
path, you can no t go back *
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*without adding more resources
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Consumption as the loss of potential 
utility

*plus wastes and 

emissions

Water

Wood

Energy
Hot water +ashes*

Swimming basin*

Boat (+water)*

Stacks of paper*

Tools
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Can consumption be measured?

Measuring the size of the set of possible uses is 
probably impossible

Exact mathematical relation is 

unknown

Reasoning: when entropy is produced, potential 

utility goes down

Thermodynamics offers an approximation: entropy 

production
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Entropy production as an 
approximation to consumption

Entropy production measures the physical part 
of the loss of potential utility , a lower bound 

for the real loss of potential utility

It is a measure for the 

thermodynamic Ăcosts of lost 

opportunityñ
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Data requirements/Databases

ÅThermodynamic calculations require detailed knowledge of
chemical composition, thermodynamic state variables

ïSpeciescomposition

ïMolar fractions of species

ïTemperature

ï(Pressure)

ïHeat flows (with respective temperature)

ÅEntropy of material flows can be calculated from the above
plus standard reference databases (NIST, F.A.C.T./Sage, 
HSC Chemistry)

ÅAlso materials with no economic value or ecological impact
must be considered for entropy Ăbalanceñ
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Entropy production is calculated from material and energy flows:

material 

flow mj

specific entropy sj

heat and radiation flows eq/s

molar entropy sk

molar isobaric heat capacity

Mathematical Implementation
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LCA software already includes 

ïthe tools for modelling large networks of flows 

ïa database of relevant materials and processes 

ïtheir material and energy requirements and emissions

Missing thermodynamic 

parts must be added

Implementation in LCA
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Thermodynamic parameters are added to the materials database 
(in absolute or in parametric form)

Absolute specific entropy

valuesShomate equation parameters

Implementation in practice
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Source: NIST Chemistry WebBook

Shomate equation: 

CpÁ= A + B ·t + C ·t 2 + D·t 3 + E/t 2

t = T/1000

HÁī HÁ298.15= A·t + B ·t 2/2 + C ·t 3/3 + 
D·t 4/4 ī E/t + F ī H

SÁ= A·ln(t) + B ·t + C ·t 2/2 + D ·t 3/3 ī 
E/(2·t 2) + G

Shomate equation 

parameters

Materials can be mixtures or pure

Implementation in practice
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Compositions and 

temperatures are 

added to the network 

of flows.

These must be 

specified!

MixArray[] = Array of flows and their composition

T[] = Array of flow temperatures

Implementation in practice
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Algorithm (here in 

Python) for 

calculating the 

mass and energy 

flows is extended to 

calculate entropy 

flows and entropy 

production

Other interesting parameters can be computed, e.g. energetic and material 

efficiencies, heat balances, (un)mixing of substances

Implementation in practice
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Example implementation: Cu 
production (mass flows)
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Here, only metallurgical 

part is shown
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Example implementation: Cu 
production (electrical energy)
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Only upstream process 

so far included: 

electricity production
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Example implementation: Cu 
production (offheat)
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Chemical and electrical 

energy is transformed 

into heat at ambient 

temperature (maximum 

entropy production)
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Example implementation: Cu 
production (entropy flows)
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Entropy flows show 

large losses in the form 

of heat and mixing of 

offgases with ambient 

air

Mining and beneficiation 

(w/o further upstream 

processes) add another 

37 MJ/K, mainly from 

burning fossil fuels

+10 

MJ/K

+19

MJ/K

+11

MJ/K

+9

MJ/K

+4

MJ/K
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Example implementation: Cu 
recycling

ÅRecycling can happen in two ways:

ïInput of scrap to converter

ïInput of scrap to anode furnace

ÅScrap quality determines entropy production
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~ 50 MJ/K/t
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Example application: Ăunmixingñ of 
copper and recycling effectiveness

ÅThe separation of copper from the ore can also be 
measured in terms of mixing entropy
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Characterisation/Normalisation
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ĂKeep entropy production

below sustainable limitsñ

Guide: Ăentropy disposalrateñof Earth:

constant for TE=const. 
Human allotment?
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Characterisation/Normalisation

ÅIf we take earthós disposal rate as a measure, the 
production of 1 t of copper (mining, metallurgy, electricity, 
no further background processes) Ăoccupiesñ 1 mĮ of 
surface area for 2.4 years

ÅWorld annual production of 10 million tons primary and 2 
million tons secondary (YSTAF) occupies 27 km²

ÅWorld energy consumption occupies 39000 km² (0.01 % of 
global entropy production)
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Characterisation/Normalisation

ÅThe main natural source for material entropy reduction on 
earth is photosynthesis

ÅPhotosynthesis decreases the material entropy of water 
and CO2 by ~ 1.3Ā10-3 W/K/m²

ÅBased on this figure, world copper production occupies 
27000 km²

ÅOf course, copper deposits are not really formed by 
photosynthesis ;-)
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Entropy production, disposal and 
Ăreductionñ

Entropy production rates: (Estimates, Source: Stahl)

Disposal rate (per m2) 1.2 W/K

Human (physiologically) 0.5 W/K

Human (economically) Ø 10 W/K

USA 30 W/K

GER 20 W/K

India 2 W/K

Photosynthesis (per m2) -1.3·10-3 W/K (mat)

(Area for Copper production (world)) 27 km²

(if only from photosynthesis:) 27 000 km²

(Share of total export: 0.01%)
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Entropy production serves as an 
approximation to resource 

consumption

It can be implemented as an 

extension to standard LCA 

tools to aid in thermodynamics 

based decision making

Summary
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Thank you!
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