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;;"’é\m Resource consumption in LCA

LCAsinvestigate the burden placed on the environment
due to the production, use, and disposal of products or

services

¥ J
V

Metabolism of the

= transformation of technosphere
matter and energy

One important aspect: Aonsumption of
resourcesn
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;}"’é\m Resource consumption measures

A Depletion vs. Consumption
i AHow much is therefi vs. AHow
I Quantity vs. Quality

A Measures for characterizing impacts of resource
consumption in LCA
i Deaccumulation rates / Ultimate reserves (Guinée et al.)

I Future energy expenditure (Muller-Wenk)

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

I Exergy destruction (Cornelissen, Ayres, Dewulf, Finnveden,
and ot hers ¢é)
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7., | Defining (resource) consumption
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When something is consumed, it looses its
usefulness (or part thereof) as understood
by At he number of things you

More precise: when matter or energy Is
consumed, they loose (part of) their
Apot ent i a,lwhichisithe size of i
the set of possible production pathways
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Once youoOve deci ded
path, you can not go back *
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*without adding more resources
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Consumption as the loss of potential
utility

g

/
4\..»%

»
>

\\

Tools

*plus wastes and
emissions
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;}"’é\m Can consumption be measured?

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

Thermodynamics offers an approximation: entropy
production

Reasoning: when entropy is produced, potential
utility goes down

Exact mathematical relation iIs
unknown
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Entropy production as an
approximation to consumption
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Entropy production measures the physical part
of the loss of potential utility , a lower bound
for the real loss of potential utility

It iIs a measure for the
t her modynamic A
opportunityn
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;;"’é\m Data requirements/Databases

A Thermodynamic calculations require detailed knowledge of
chemical composition, thermodynamic state variables

| Speciescomposition
i Molar fractions of species
I Temperature
I (Pressure

| Heat flows (with respective temperature)

A Entropy of material flows can be calculated from the above

plus standard reference databases (NIST, F.A.C.T./Sage,
HSC Chemistry)

A Also materials with no economic value or ecological impact
must be considered for entropy Avalancen
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f,;’i’%\i:z::;ﬁf;:‘z‘:::.%mg Mathematical Implementation

Entropy production is calculated from material and energy flows:

eout einI A gout A ein / ][{:)?:,er:i}al
DS="1 . q & 44 30 _ =5 | m
STy, TAqntagTa gy AMS

. ' Y

heat and radalofn flows,g

specific entropys

€.
|
|

T
anyg-Ranyiny
k k

1
m y molar Isobaric heat capacity

| e
molar entropy s &(T)=s/(T,)+ r%! T dT
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;;"’é\tw Implementation in LCA

LCA software already includes
I the tools for modelling large networks of flows
I a database of relevant materials and processes
I their material and energy requirements and emissions

Missing thermodynamic
parts must be added
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,,.’é\tw Implementation in practice

Edit Material X Edit Material X

General | Units | Languages I Synonyms | costs | EcoSpold ] General | Units | Languages l Synonyms | Costs ] EcoSpold |
Ecological Properties | EconomicProperies  Technical Properties Ecological Properties | Economic Properties ~ Technical Properties
Material: Water Material: Water
Property I|\/a|ue Unit Property IIValue Unit I
-203.606 18.02 = | gfmol
B 1523.29 51570 252.782 JiKfmol
G -3196.413 5298 188.84 JiKfmol
D R 2474.455
E 3.855326
F -256.5478
G -488.7163 [N
H -285.8304
IsMixture False
M 20.04 g/mol £
Absolute specific entropy
Shomate equation parameters values
New I Edit I Delete | MNew | Edit I Delete |
< I < | > l > | oK I Cancel | Help I I« I < | > I > | oK I Cancel I Help I

Thermodynamic parameters are added to the materials database
(in absolute or in parametric form)
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,;"’é\tw Implementation in practice

Edit Material X Source: NIST Chemistry WebBook

enera nits anguages nonyms | Costs | EcoSpold | .
C::cologlicll ;’Jro:aeniels L] gco?)omilPSrzpen?;s '(I?ecitmicalPEropSrTie'sd Shomate equatlon.
Material: Water
E— CA=A+B-t+Ct?+D-t3+E/?
: t = T/1000
C -3196.413
D \ 2474.455
E 3.855326
F -256.5478 s _ - 2 3
G -488.7163 HA/ /%8 15:/4'1‘-/-5'[‘ /2+ C'l‘ /3+
: -285.8304 ’ _
/IsMixture False D'[ 4/ 4 I E/ t' + F /
\ 20.04 g/maol
Shymate equation
paangters (|| SA=AURM)+B t+CtY2+DtY 3 T
AN E/N2t?)+G
< | < I > | > | ; OK | Cancel ] Help l

AN
Materials can be %\xtures or pure
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Implementation in practice

% Script Editor - Entropie-Berechnung (Python)

BE W

Serpt | Optiore | Log

# Fxtensions musser R1T Angegeben warder

MixArray|l] = |"Concentrate™:|"

MixArray|[3] = |*Offgas": ("N

MixArray[2] = | "N
&
¥ ar
# Ma
# EI
W !

dice [ {k
T[] 1]
Ti2] | *Mat
TI[3] | *offg

def Maini):
global Prj, Sce, Net,
Tref = 298,15 # X
R = B.3144972 ¥
Ireart

Pytron

Compositions and
~ temperatures are
/added to the network
of flows.

These must be
specified!

MixArray(]
T[]

= Array of flows and their composition

Universitat Bremen
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Implementation

In practice

% Script Editor - Entropie-Berechnung (Python)

132 T = dict([{k,0) for k

t30 def Maini):

140 qlobu Prj, Sce, Net, ArrowCount, Period
14 Tref = 298 15 #

142 R = 8. l l

Ireart Pymon

1ns MixArray[2] = "Natte,L":|"Feas¥:0.2045, *Cu2sS":0.746, "Cu0*:0.0185, "FeO":0.0121
‘e .0 ORS4. *Miv-0 001

»

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
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P — Example implementation: Cu
Gy s production (mass flows)

108000 ki 109000 k

Here, only metallurgical
. 7=, T1:Flash Smelter
part is shown O

132 kg

T3: Converter
A "% 1600 kg

\ 7220 ky
i :Anode scrap
0 kg
T4:Anode Furnace
0 kg
N
O
-/
1200 kg
130 kg
192 kg
T5:Electrolysis
i
6 ko 0
P12:Anode slime
1000 ky (j)
Universitat Bremen

P13:Cathodes
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Example implementation: Cu
production (electrical energy)

0kl

w

T2

(J———
ty Mix Germany CD
0kl 0kl
0000 kJ O
0kd
I,,x;.:—:,_\h\,‘ T1:Flash Smelter
S/ 89100 kJ dﬂ
T3: Converter

Only upstream process
so far included:

0kJ

electricity production

7200 kJ

69100 kJ ,l 0k

0kd

Universitat Bremen
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0kd

Anode scrap

Th:Electrolysis

0kJ

0kJ

P12:Anode slime

Okl

P13:Cathodes
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Example implementation: Cu
production (offheat)

0kl 2750000 kJ
CO—th
T2:Electricity Mix German| 1940000 kJ
0kd
Chemical and electrical O—"ul~—0O

energy is transformed i
into heat at ambient 0 /
temperature (maximum O C
entropy production)

0kJ

\ 0k ,‘ e ———

0kd

0kd

Universitat Bremen

T5:Electrolysis

Ok @
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P13:Cathodes
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Example implementation: Cu
production (entropy flows)

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
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427 MK
417N
D R Y
- MJ/K e 4
Mix Germa #/_\D
29.1 MK
0 JiK o=
b i 5.27 MK
A Tres +19 P +11
1) ) A ]
s MJI/K A 338 M MJ/K
wverter
/ 1.21 MJik 0103 14.8 MK

/ 2

f

/ 5|| 24.3 MUK

0 JiK| 0.208 MJIK
» ) O
] SOl 'jK Apode scrap
0.00121 MJiK
0 JiK 10.7 MK +9
M‘]/ K Ale Furnace
0 JiK|
Tk
0.00762 MK
Lo PN
0.103 MUK
MJ/K Arolysis
Frramll
0.00283 MJK
P12:Anode slime
0.522 MK :

P13:Cathodes
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Example implementation: Cu
recycling
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A Recycling can happen in two ways:
I Input of scrap to converter
I Input of scrap to anode furnace

A Scrap quality determines entropy production

2.0-108

1.5-108 F

1.0-108 -

5.0-107

0.0-10° ' ' ' '
0 0.2 , 0.4 0.6 0.8 1

~ 50 MJ/K/t
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Exampl e

appli cati on
copper and recycling effectiveness

A The separation of copper from the ore can also be
measured in terms of mixing entropy

60000,00

50000,00

40000,00

30000,00

20000,00

10000,00

0,00

N

e

N\

/

/

Scrap Input

Converter

N

Whole process

120

100

80

—&— Mixing of copper (J/K/mol)

60
—&— Effectiveness (%)

40

20

Whole process network reaches almost 100% effectiveness (d,,.c, )

lJ Universitat Bremen

Fachbereich Produktionstechnik

Stefan Goessling-Reisemann - LCA VIII (2-Oct-08) 22




ffj’.’*\ﬁzz::;ﬁf;:*z‘;::zmg Characterisation/Normalisation

Techno-

/EKeep entropy production
below sustainable limitsi

Guide: fentropy disposalr a to&Harth:

Human allotment?

Fpon _ 4 181 14 W
P =2QU- A& =80 12— —
Ferde 3 49 e Is=< K On
constant for 7.=const. * .
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;;"’é\m Characterisation/Normalisation

Alfwetake ear t hdés diasagmeasurd, the at e
production of 1 t of copper (mining, metallurgy, electricity,
no further background proces
surface area for 2.4 years

A World annual production of 10 million tons primary and 2
million tons secondary (YSTAF)occupies 27 km?

A World energy consumption occupies 39000 km? (0.01 % of
global entropy production)
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;}"’é\m Characterisation/Normalisation

A The main natural source for material entropy reduction on
earth is photosynthesis

A Photosynthesis decreases the material entropy of water
and CO, by ~ 1.3 A03 W/K/m?

A Based on this figure, world copper production occupies
27000 km?2

A Of course, copper deposits are not really formed by
photosynthesis ;-)
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ey | ENITOPY production, disposal and

T R e ductioon

Entropy production rates: (Estimates, Source: Stahl)

Disposal rate (per m?) 1.2
Human (physiologically) 0.5
Human (economically) @ 10
USA 30
GER 20
India 2
Photosynthesis (per m?) -1.3-103
(Area for Copper production (world)) 27
(if only from photosynthesis:) 27 000

(Share of total export: 0.01%)
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W/K
W/K
W/K
W/K
W/K
W/K
W/K (mat)
km?2
km?2
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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
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