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Solution to Problem 13.1: Life-
y
le assessment (LCA) of internal 
ombustion

and battery-ele
tri
 vehi
les

(a) The life-
y
le inventory of the gasoline vehi
le (internal 
ombustion vehi
le, ICV) de�ned

as
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is given by
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(b) Total emissions via the Life-
y
le inventory of the materials and the �rst line of the given

emission-fa
tor matrix (in kg CO2):

eICV1 =

6
∑

j=1

C1jy
s
j

= (4 ∗ 820 + 30 ∗ 60 + 2 ∗ 100 + 2 ∗ 110 + 20 ∗ 36 + (2.39 + 0.4) ∗ 12 000) kg

= 39 700 kg CO2.

The 
ontribution 0.4 kg/l of the last emission fa
tor denotes the �well-to-tank� (w2t)

emissions in kg CO2 per liter of gasoline available at the gas station. This in
ludes all

the emissions during 
rude-oil extra
tion, transport to the re�neries, the re�ning pro
ess

(making gasoline out of 
rude oil), and the transport to the gas stations.

For the pure CO2 emission by the material (in
luding wear&tear and re
y
ling), we have

emat,ICV

1
=

5
∑

j=1

C1jy
s
j = 6220 kg CO2.
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The overall driving emissions are

edriving,ICV
1

= eICV1 − emat,ICV

1
= 33480 kg

Comparing the material emissions during produ
tion and repair with the dire
t and indi-

re
t driving emissions, we observe that the driving emissions during the lifetime are about

�ve times (!) that of produ
tion & repair. Per km, we have

� Dire
t driving emissions: CT2W

16
∗ 6 liters/km = 143.4 g/km

� Driving emissions in
luding the gasoline supply 
hain: CW2W

16
∗6 liters/km = 167.4 g/km

� In
luding everything (material+driving emissions per km): eICV
1

/L = 198.5 g/km

(
) After L∗ = 100 000 km we have,

� Without politi
al a
tion: old vehi
les at their ends of lifetime plus, per old vehi
le,

a total emission of

C
noA
tion

= L∗ 0.10 liters/km ∗ CW2W

16 = 27900 kg

� With politi
al a
tion: repla
ed vehi
les at half of their lifetime plus, per vehi
le, a

total emission of

C
A
tion

= L∗ 0.05 l/km ∗ CW2W

16 + emat

1 = 20170 kg

So, without a
tion, one has already emitted more CO2 and need to repla
e the old vehi
les,

right now, while, with a
tion, the emission per vehi
le is more than 7 500 kg less and the

repla
ed 
ars 
an run another 100 000 km before repla
ement. Thus, under the above

assumption, the a
tion �wre
k & repla
e semi-old 
ars� will de�nitely save emissions!

(d) The LC inventory of the BEV is similar to that of the ICV with the �rst four items

identi
al, the 5'th item (starter batteries → low-voltage batteries) fa
tor 2/3, new item

driving battery and needed kWh instead of liter gasoline:
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The emissions during produ
tion and material repla
ements are

eBEV,mat

1
=

∑

j=1

65C1jy
s,el

j = (4∗82+30∗60+2∗100+2∗110+20∗24+20∗600) kg = 13 980 kg

and that during driving

eBEV,driving
1

= C17y
s,el

7
= 0.38 kg/kWh ∗ 40 000 kWh = 13 200 kg
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resulting in a total LCA emission of

eBEV1 = 27180 kg,

whi
h is about 30% less than that of the ICV (39 700 kg).

(e) In the s
enarios (i) and (ii), only eBEV,driving
1

= C17y
s,el

7

hanges, in (iii) the inventory ys

6

is redu
ed by a fa
tor 0.5:

(i) China mix:

C17 = 1.00 kg/kWh,

eBEV,driving
1

= C17y
s,el

7
= 40000 kg,

eBEV1 = eBEV,driving
1

+ eBEV,mat

1
= 53980 kg

(ii) Norway-Sweden mix:

C17 = 0.05 kg/kWh,

eBEV,driving
1

= C17y
s,el

7
= 2000 kg,

eBEV1 = eBEV,driving
1

+ eBEV,mat

1
= 15980 kg

(iii) DE mix and two Li-batteries needed during the lifetime:

eBEV1 = e
BEV,(f)

1
+ 400 ∗ 20 kg = 35 180 kg

The question whether a BEV saves CO2 emissions or not, depends 
ru
ially on the energy

mix of the power plants for ele
tri
ity produ
tion. The mass of the batteries (proportional

to the range) and the question if a repla
ement is ne
essary during lifetime or not are also


riti
al fa
tors.

(f) This question relates to four numbers:

� Net CO2emissions to make, servi
e and re
y
le the ICV and the BEV:

emat,ICV

1
= 6220 kg,

emat,BEV

1
= 13980 kg

� Total dire
t and indire
t CO2emissions per km driving:

edrive,ICV
1

= Cw2w

16 ∗ 0.06 liters/km = 0.1674 kg/km,

edrive,BEV
1

= CDE

17 ∗ 0.2 kWh/km = 0.66 kg/km

The driving emissions are the same as the material emissions if

emat

1 = edrive1 x ⇒ x= =
emat

1

edrive
1

,

so
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� ICV: x= = 37200 km

� BEV, DE mix: x= = 211 800 km

The 
riti
al distan
e xc above whi
h the BEV outperforms the ICV (in terms of less CO2)

is given by the 
ondition of equal distan
e-dependent total emissions:

eICV1 = emat,ICV

1
+ edrive,ICV

1
x = eBEV1 = emat,BEV

1
+ edrive,BEV

1
x

hen
e

xc =
emat,BEV

1
− emat,ICV

1

edrive,ICV
1

− edrive,BEV
1

= 76500 km

So, the BEV needs to drive quite a distan
e before the in
reased materials emissions are


ompensated for by the lower driving emissions.
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