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Life Cycle Assessment Process Tool
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Life Cycle Assessment Process Tool

Follow-up questions:
1.  Describe how you would determine the net energy gain or loss for ethanol production.  Write an 
equation using only the relevant steps.  You can abbreviate EI for Energy Input and EO for Energy Out-
put (eg.  EI #1 - EO #7=).

2.  How do you think you could best improve the energy efficiency of this process?  Reduce the carbon 
footprint?

Additional inputs to create biofuel.

Energy Input Energy Output

Matter Input Matter Output

Where:  Farm 
(practices)

Process:  

Energy Input Energy Output

Matter Input Matter Output

Energy Input Energy Output

Matter Input Matter Output

Energy Input Energy Output

Matter Input Matter Output

Where:  Roadway 
between field and 

refinery

Process:  

Where:   Refinery

Process:  
Plant Operation 
(eg. Lights, Heating, 

Distillation)

Where:  Roadway 
between refinery-

and fuel pump

Process:  

4

5

6

7



Great Lakes Bioenergy Research Center - www.glbrc.org/education
1

Life Cycle Assessment Process Tool
Li

fe
 C

yc
le

 A
ss

es
sm

en
t P

ro
ce

ss
 T

oo
l

A
ns

w
er

 K
ey

Fo
llo

w
-u

p 
qu

es
tio

ns
:

1.
  W

ha
t i

s 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
m

att
er

 o
ut

pu
t f

ro
m

 #
3 

to
 th

e 
m

att
er

 in
pu

t i
n 

#1
? 

 T
he

y 
ar

e 
th

e 
sa

m
e.

  C
O

2 
le

av
in

g 
ca

rs
 re

tu
rn

s 
to

 th
e 

at
m

os
ph

er
e 

w
he

re
 it

 c
ou

ld
 e

nt
er

 m
or

e 
pl

an
ts

 th
ro

ug
h 

ph
ot

os
yn

th
es

is
.  

Th
is

 p
ar

t o
f t

he
 lo

op
 a

lo
ne

 is
 c

ar
bo

n 
ne

ut
ra

l f
or

 th
at

 re
as

on
.

2.
  D

oe
s 

al
l e

ne
rg

y 
pu

t i
nt

o 
#1

 m
ak

e 
it 

to
 th

e 
en

er
gy

 o
ut

pu
t s

ta
ge

 o
f #

3?
  W

hy
 o

r 
w

hy
 n

ot
? 

N
o,

 m
uc

h 
en

er
gy

 in
 th

e 
di

ag
ra

m
 is

 lo
st

 a
s 

he
at

 o
r 

th
ro

ug
h 

or
ga

ni
sm

al
 m

et
ab

ol
is

m
, l

ik
e 

ye
as

t,
 d

ur
in

g 
fe

rm
en

ta
tio

n 
(n

ot
 m

od
el

ed
 h

er
e)

.  

3.
  I

f w
e 

ar
e 

co
nd

uc
tin

g 
a 

lif
e 

cy
cl

e 
as

se
ss

m
en

t f
or

 e
ne

rg
y 

or
 g

re
en

ho
us

e 
ga

se
s,

 li
ke

 c
ar

bo
n 

di
ox

id
e,

 w
hy

 c
an

’t
 w

e 
st

op
 a

t s
ta

ge
s 

1-
3?

  W
hy

 d
o 

w
e 

ne
ed

 to
 in

cl
ud

e 
st

ag
es

 4
-7

 a
s 

w
el

l?
 B

ec
au

se
 m

or
e 

en
er

gy
 is

 n
ee

de
d 

to
 fa

rm
 a

nd
 m

ov
e 

pl
an

ts
 a

ro
un

d,
 to

 a
ct

ua
lly

 ru
n 

th
e 

re
fin

er
y,

 a
nd

 in
 

ot
he

r p
la

ce
s.

  A
 li

fe
 c

yc
le

 a
ss

es
sm

en
t l

oo
ks

 b
ro

ad
ly

 a
t e

ne
rg

y 
an

d 
m

att
er

 in
pu

ts
 a

nd
 o

ut
pu

ts
 n

ec
es

sa
ry

 to
 c

re
at

e 
th

e 
fu

el
.

En
er

gy
 In

pu
t

En
er

gy
 O

ut
pu

t

M
att

er
 In

pu
t

M
att

er
 O

ut
pu

t

W
he

re
:  

Fi
el

d

Pr
oc

es
s:

  
Ph

ot
os

yn
th

es
is

En
er

gy
 O

ut
pu

t
En

er
gy

 In
pu

t

M
att

er
 O

ut
pu

t
M

att
er

 In
pu

t

W
he

re
:  

Ca
r

Pr
oc

es
s:

  
En

er
gy

 O
ut

pu
t

M
att

er
 O

ut
pu

t

W
he

re
:  
Re

fin
er
y

Pr
oc

es
s:

 
Fe
rm

en
ta
ti
on

 

M
att

er O
utp

ut

M
att

er O
utp

ut

Energy
 O

utp
ut

1

3
2

M
att

er I
nput

Oxy
gen

so
la

r e
ne

rg
y

et
ha

no
l

ch
em

ic
al

 e
ne

rg
y

gl
uc

os
e/

ce
llu

lo
se

/c
ar

bo
hy

dr
at

es

ox
yg

en

ch
em

ic
al

 e
ne

rg
y

CO
2 

+ 
H

2O

CO
2 

+ 
H

2O

ki
ne

tic
 e

ne
rg

y 
+ 

he
at

CO
2

he
at

Co
m

bu
st

io
n

Pl
ea

se
 n

ot
e 

th
at

 th
es

e 
an

sw
er

s s
ho

w
 th

e 
pr

im
ar

y 
en

er
gy

 in
pu

ts
 a

nd
 o

ut
pu

ts
 a

ss
oc

ia
te

d 
w

ith
 fu

el
 p

ro
du

ct
io

n.
  T

he
re

 a
re

 o
th

er
 e

ne
rg

y 
lo

ss
es

 in
 

th
e 

sy
st

em
 n

ot
 sh

ow
n 

he
re

.  T
ea

ch
er

s c
ou

ld
 d

is
cu

ss
 th

e 
e�

ci
en

cy
 o

f p
la

nt
 g

ro
w

th
 a

nd
 p

ho
to

sy
nt

he
si

s, 
en

er
gy

 co
nt

en
t o

f C
O

2 
an

d 
H

2O
 a

s w
el

l. 
 

A



Great Lakes Bioenergy Research Center - www.glbrc.org/education
2

Life Cycle Assessment Process Tool

Follow-up questions:
1.  Describe how you would determine the net energy gain or loss for ethanol production.  Write an equation 
using only the relevant steps.  You can abbreviate EI for Energy Input and EO for Energy Output (eg.  EI #1 - EO 
#7=).  There are many ways to answer this question.  Students should be reminded the energy in = energy out 
for the system.  Net energy input is EI 1 - EI 4 - EI 5 - EI 6 - EI 7.  (solar energy in minus fossil fuel inputs).  Alter-
natively, engineers calculating a life cycle assessment might use EO 2 - EI 4 - EI 5 - EI 6 - EI 7 (energy in ethanol 
minus fossil fuel inputs to create it).  Balancing renewables and non-renewables is a common way to look at 
the problem.
2.  How do you think you could best improve the energy efficiency of this process?  Reduce the carbon foot-
print?  Energy:  reduce losses to heat, shorten transportation distances, lower energy needs for conversion of 
fuel; Carbon footprint:  increase energy efficiency, use of renewable energy for electricity, transportation, etc.  

Additional inputs to create biofuel.
Answer Key

Energy Input Energy Output

Matter Input Matter Output

Where:  Farm 

Process:
Chemical Application

Harvesting
Equipment Operation

  

Energy Input Energy Output

Matter Input Matter Output

Energy Input Energy Output

Matter Input Matter Output

Energy Input Energy Output

Matter Input Matter Output

Where:  Roadway 
between field and 

refinery

Process:  

Where:   Refinery

Process:  
Pretreatment

Hydrolysis
 Distillation

Lighting

Where:  Roadway 
between refinery-

and fuel pump

Process:  

4

5

6

7

methane (CH4), petroleum + O2 CO2 + H2O

CO2 + H2O

CO2 + H2O

CO2 + H2O

Combustion

Combustion

Combustion

chemical energy

chemical energy

chemical energy, electricity

chemical energy

petroleum + O2

petroleum, biomass, methane (CH4), coal + O2

petroleum + O2

kinetic energy + heat

kinetic energy + heat

kinetic energy + heat (+ electricity)

kinetic energy + heat

Note that answers for 4-7 will vary considerably.  Fuel sources will vary for transportation use; re�neries will often use 
multiple energy sources to power di�erent parts of the re�nery.  For example, methane (natural gas) may be used to heat 
materials during pretreatment, but biomass may be burned to generate electricity or heat a fermenter.  Some re�neries 
generate enough electricity at this stage to sell excess to the grid.  

Combustion

A


