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 o
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 b
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ro
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 p
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 C
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y p
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ra
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 c
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 C
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 c
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 p
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 c
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 re
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 c
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 c
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 d
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 b
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 m
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f b
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 o
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ll 

co
nt

rib
ut

in
g 

to
wa

rd
s 

ca
rb

on
 fa

rm
in

g 
in

iti
at

iv
es

. I
n 

ad
di

tio
n,

 th
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ra
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 c
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 p
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at
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e 
ga

s 
gr

id
 h

as
 th

e 
lo

we
st

 
m

ar
gi

na
l s

oc
ia

l c
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 c
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 c
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l c
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 p
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 b
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ra
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 o
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t d
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 b
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 re
ne

wa
bl

e 
ga

se
s 

an
d 

to
 p

re
ve

nt
 ‘p

ric
e 

go
ug

in
g’

. 
Se

e 
‘D

ev
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m
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r p
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 m
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m
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g 
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e 
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m
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 c
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at
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in
d 

al
so

 in
cr

ea
se

s 
th
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ra
tio

n 
ex

ce
ed

s 
de

m
an

d.
 

Cu
rre

nt
ly,

 w
in
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 b
e 
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d 
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ra
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e 
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s 
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f 
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g 
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e 
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ce
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 b
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e 
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k 
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tw
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n 
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ra
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d.
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e 
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sin
g 
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e 
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hy
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r i
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. T
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lke
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la
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ge
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ra
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m
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 c
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e 
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r r
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l c
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 b
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 b
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m
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 p
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 o
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 p
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n 
in

te
ns

ity
. T

hi
s 

ha
s 

be
en

 ta
ke

n 
in

to
 

ac
co

un
t w

he
n 

ca
lcu

la
tin

g 
th

e 
em

is
sio

ns
 

sa
vin

gs
 in

 th
is

 M
as

te
r P

la
n.

 

Th
e 

Ci
ty

 o
f S

yd
ne

y’s
 re

ne
wa

bl
e 

el
ec

tri
ci

ty
 ta

rg
et

 re
la

te
s 

to
 e

le
ct

ric
ity

 
ge

ne
ra

te
d 

lo
ca

lly
 a

nd
 w

ith
in

 n
om

in
al

 
25

0 
km

 p
ro

xim
ity

 o
f t

he
 c

ity
. I

t i
s 

no
t 

th
e 

in
te

nt
io

n 
of

 th
is

 M
as

te
r P

la
n 

to
 m

ee
t 

th
e 

Ci
ty

’s 
30

%
 re

ne
wa

bl
e 

el
ec

tri
ci

ty
 

ta
rg

et
 b

y s
ou

rc
in

g 
re

ne
wa

bl
e 

el
ec

tri
ci

ty
 

in
 th

e 
fo

rm
 o

f G
re

en
 P

ow
er

 fr
om

 th
e 

na
tio

na
l g

rid
. 

Th
is

 R
en

ew
ab

le
 E

ne
rg

y M
as

te
r P

la
n 

wi
ll 

m
ak

e 
a 

no
tic

ea
bl

e 
co

nt
rib

ut
io

n 
to

 
Au

st
ra

lia
’s 

ca
rb

on
 re

du
ct

io
n 

ta
rg

et
.

BA
CK

-U
P 

PO
W

ER
 &

 
IN

TE
RM

IT
TE

NC
Y

m
aj

or
 s

ou
rc

e 
of

 e
le

ct
ric

ity
 in

 A
us

tra
lia

. 
Ge

ne
ra

to
rs

 c
on

tin
uo

us
ly 

bu
rn

 c
oa

l t
o 

su
pp

ly 
el

ec
tri

ci
ty

 to
 th

e 
gr

id
, w

ith
 li

m
ite

d 

an
d 

no
n-

pe
ak

 d
em

an
d,

 fo
r i

ns
ta

nc
e,

 
ov

er
ni

gh
t w

he
n 

en
er

gy
 d

em
an

d 
is

 lo
w.

 

As
 p

ow
er

 s
ta

tio
ns

 ta
ke

 ti
m

e 
to

 p
ow

er
 u

p 
so

m
e 

of
 th

e 
po

we
r s

ta
tio

ns
 h

av
e 

to
 b

e 
ru

n 
on

 p
ar

t l
oa

d 
or

 n
o 

lo
ad

 s
o 

th
at

 th
ey

 
ca

n 
im

m
ed

ia
te

ly 
su

pp
ly 

el
ec

tri
ci

ty
 to

 th
e 

gr
id

 to
 a

vo
id

 a
 p

ow
er

 c
ut

 in
 th

e 
ev

en
t 

th
at

 th
e 

su
n 

is
 n

ot
 s

hi
ni

ng
 o

r t
he

 w
in

d 
is

 n
ot

 b
lo

wi
ng

. T
hi

s 
is

 w
ha

t i
s 

kn
ow

n 
as

 
‘sp

in
ni

ng
 re

se
rv

e’.
 It

 p
ro

du
ce

s 
ad

di
tio

na
l 

gr
ee

nh
ou

se
 g

as
 e

m
is

sio
ns

 a
nd

 is
 a

 v
er

y 

If 
re

ne
wa

bl
e 

en
er

gy
 is

 e
ve

nt
ua

lly
 to

 
re

pl
ac

e 
fo

ss
il 

fu
els

 1
00

%
, r

en
ew

ab
le

 
en

er
gy

 s
ys

te
m

s 
wi

ll 
ne

ed
 to

 b
ec

om
e 

no
n-

in
te

rm
itt

en
t; 

ot
he

rw
is

e 
th

ey
 w

ill
 

st
ill

 re
qu

ire
 fo

ss
il 

fu
el

 s
pi

nn
in

g 
re

se
rv

e.
 

no
n-

in
te

rm
itt

en
t r

en
ew

ab
le

 e
ne

rg
y t

o 
su

pp
ly 

th
e 

Ci
ty

 o
f S

yd
ne

y.
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RE
NE

W
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LE
 

EN
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CI
TY

 O
F 
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RF
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M
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CE

 
M
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S
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M
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Th
er

e 
ar

e 
cu

rre
nt

ly 
fe

w 
co

st
-e

ffe
ct

iv
e 

wa
ys

 to
 s

to
re

 e
le

ct
ric

ity
 w

he
n 

it 
is

 
no

t b
ein

g 
us

ed
. T

o 
av

oid
 w

as
tin

g 
en

er
gy

 a
nd

 g
re

en
ho

us
e 

ga
s 

em
is

sio
ns

, 
el

ec
tri

ci
ty

 g
en

er
at

io
n 

sh
ou

ld
 m

at
ch

 

an
d 

th
e 

se
as

on
s.

 R
ed

uc
in

g 
el

ec
tri

ci
ty

 

an
d 

us
in

g 
re

ne
wa

bl
e 

th
er

m
al

 e
ne

rg
y 

fo
r h

ea
tin

g 
an

d 
co

oli
ng

 to
 d

isp
la

ce
 

el
ec

tri
ci

ty
 c

on
su

m
pt

io
n 

an
d 

pe
ak

 
po

we
r w

ill
 a

ls
o 

m
ak

e 
it 

m
uc

h 
ea

sie
r t

o 
re

du
ce

 in
te

rm
itt

en
cy

 a
nd

 to
 d

eli
ve

r t
he

 
re

ne
wa

bl
e 

el
ec

tri
ci

ty
 ta

rg
et

. 

De
ce

nt
ra

lis
ed

 re
ne

wa
bl

e 
en

er
gy

 c
an

 
re

sp
on

d 
ra

pi
dl

y t
o 

lo
ca

l e
le

ct
ric

ity
 

de
m

an
d 

an
d 

re
du

ce
 o

r e
lim

in
at

e 
th

e 
ne

ed
 fo

r f
os

sil
 fu

el
 s

pi
nn

in
g 

re
se

rv
e.

 
Th

is
 h

ig
hl

ig
ht

s 
th

e 
ne

ed
 fo

r i
nv

es
tm

en
t 

in
to

 re
lia

bl
e,

 n
on

-in
te

rm
itt

en
t 

re
ne

wa
bl

e 
en

er
gy

.

Re
ne

wa
bl

e 
ga

s 
is

 th
e 

pr
in

cip
al

, 
no

n-
in

te
rm

itt
en

t, 
re

ne
wa

bl
e 

en
er

gy
 

It 
wi

ll 
ov

er
co

m
e 

th
e 

ne
ed

 fo
r f

os
sil

 fu
el

 
sp

in
ni

ng
 re

se
rv

e 
el

ec
tri

ci
ty

 g
en

er
at

io
n 

ca
pa

ci
ty

. T
hi

s 
te

ch
no

log
y a

ls
o 

pr
ov

id
es

 
th

e 
pa

th
wa

y t
o 

a 
10

0%
 re

ne
wa

bl
e 

en
er

gy
 c

ity
.

Ot
he

r s
olu

tio
ns

 in
clu

de
 im

pr
ov

em
en

ts
 

in
 te

ch
no

log
ie

s 
fo

r b
at

te
ry

 s
to

ra
ge

, 
su

ch
 a

s 
th

os
e 

in
 e

le
ct

ric
 v

eh
icl

es
, o

r 
pu

m
pi

ng
 w

at
er

 u
p 

a 
gr

ad
ie

nt
 to

 s
to

re
 

en
er

gy
, t

he
rm

al
 s

to
ra

ge
 to

 e
na

bl
e 

su
rp

lu
s 

re
ne

wa
bl

e 
el

ec
tri

ci
ty

 g
en

er
at

io
n 

an
d 

th
e 

ut
ili

sa
tio

n 
of

 w
as

te
 h

ea
t a

t d
iff

er
en

t 
tim

es
 o

f t
he

 d
ay

 v
ia

 tr
ig

en
er

at
io

n,
 

th
er

m
al

 s
to

ra
ge

 o
f s

te
am

 o
r m

ol
te

n 
sa

lts
 fo

r s
ola

r t
he

rm
al

 c
on

ce
nt

ra
tio

n,
 

su
pe

r c
ha

rg
in

g 
na

tu
ra

l g
as

 o
r r

en
ew

ab
le

 
ga

s 
via

 s
ola

r t
he

rm
al

 c
on

ce
nt

ra
tio

n 
an

d 
in

cr
ea

sin
g 

th
e 

ga
s 

en
er

gy
 c

on
te

nt
 

by
 2

5%
 w

ith
 s

ola
r g

as
, ‘

po
we

r t
o 

ga
s’

 
te

ch
no

log
ie

s,
 a

nd
 th

e 
st

or
ag

e 
an

d 
ut

ili
sa

tio
n 

of
 e

ne
rg

y v
ia

 e
le

ct
ro

lys
er

s 
an

d 
hy

dr
og

en
 fu

el
 c

ell
s.

W
HA

T 
IS

 T
HE

 C
OS

T 
OF

 
RE

NE
W

AB
LE

 E
NE

RG
Y?

el
ec

tri
ci

ty
 n

et
wo

rk
 b

us
in

es
se

s 
in

 
Au

st
ra

lia
 w

ill
 b

e 
sp

en
di

ng
 o

ve
r $

46
 

bi
lli

on
 o

n 
up

gr
ad

in
g 

th
e 

el
ec

tri
ci

ty
 g

rid
 

an
d 

pr
ov

id
in

g 
fo

r p
ea

k 
po

we
r b

ro
ug

ht
 

ab
ou

t b
y e

le
ct

ric
 a

ir 
co

nd
iti

on
in

g.
 T

hi
s 

ex
pe

nd
itu

re
 is

 th
e 

pr
im

ar
y c

au
se

 fo
r t

he
 

cu
rre

nt
 s

ha
rp

 ri
se

 in
 e

le
ct

ric
ity

 p
ric

es
 

sin
ce

 2
01

0,
 n

ot
 re

ne
wa

bl
e 

en
er

gy
.

20
13

/1
4,

 e
le

ct
ric

ity
 n

et
wo

rk
 p

ro
vi

de
rs

 
ar

e 
un

de
rta

kin
g 

ca
pi

ta
l e

xp
en

di
tu

re
 o

f 
$1

7.4
 b

ill
io

n.
 T

hi
s 

re
pr

es
en

ts
 $

2,
40

0 
pe

r p
er

so
n 

an
d 

an
 8

0%
 in

cr
ea

se
 o

n 
th

e 

ar
ea

 a
ve

ra
ge

 A
us

gr
id

 e
le

ct
ric

ity
 p

ric
es

 
ar

e 
ex

pe
ct

ed
 to

 ri
se

 b
y a

s 
m

uc
h 

as
 

83
%

 w
ith

 n
et

wo
rk

 c
ha

rg
es

 re
pr

es
en

tin
g 

50
%

 to
 6

0%
 o

f t
he

 a
ve

ra
ge

 e
le

ct
ric

ity
 

bi
ll.

 R
en

ew
ab

le
 a

nd
 d

ec
en

tra
lis

ed
 o

r 

po
te

nt
ia

l t
o 

av
oid

 o
r d

ela
y i

nv
es

tm
en

t i
n 

ne
tw

or
k 

in
fra

st
ru

ct
ur

e.

Th
e 

de
m

an
d 

fo
r h

ig
he

r e
nv

iro
nm

en
ta

l 
st

an
da

rd
s 

is
 in

cr
ea

sin
g 

an
d 

re
qu

ire
m

en
ts

 
in

 b
ui

ld
in

g 
co

de
s 

in
to

 th
e 

fu
tu

re
 m

ay
 

al
so

 in
cr

ea
se

. A
s 

bu
lk

 d
em

an
d 

in
cr

ea
se

s 
fo

r r
en

ew
ab

le
 e

ne
rg

y t
ec

hn
ol

og
y, 

so
 to

o 
do

 th
e 

ec
on

om
ie

s 
of

 s
ca

le
, w

hi
ch

 w
ill

 
he

lp
 re

du
ce

 th
e 

co
st

s 
of

 te
ch

no
log

y, 
m

at
er

ia
ls,

 a
nd

 in
st

al
la

tio
n 

co
st

s.

fu
rth

er
 in

 th
e 

fu
tu

re
 p

ar
tly

 d
ue

 to
 th

e 
in

cr
ea

sin
g 

co
st

 o
f f

os
sil

 fu
el

 e
xt

ra
ct

io
n 

an
d 

pa
rt

y d
ue

 to
 th

e 
ve

ry
 h

ig
h 

co
st

 o
f 

gr
id

 n
et

wo
rk

 in
ve

st
m

en
t a

nd
 c

ha
rg

es
. 

Ho
we

ve
r, 

re
ne

wa
bl

e 
en

er
gy

 p
ric

es
 w

ill
 

re
du

ce
 in

 th
e 

fu
tu

re
, p

ar
tly

 d
ue

 to
 

in
cr

ea
se

d 
ec

on
om

ie
s 

of
 s

ca
le

 a
nd

 lo
w 

op
er

at
in

g 
co

st
s 

an
d 

pa
rtl

y d
ue

 to
 th

e 
de

ce
nt

ra
lis

ed
 e

ne
rg

y n
at

ur
e 

of
 m

os
t 

fo
rm

s 
of

 re
ne

wa
bl

e 
en

er
gy

 w
hi

ch
 c

an
 

av
oid

 th
e 

ve
ry

 h
ig

h 
gr

id
 n

et
wo

rk
 c

ha
rg

es
.

Fi
na

nc
ia

l a
na

lys
is

 o
f e

ac
h 

of
 th

e 
re

ne
wa

bl
e 

el
ec

tri
ci

ty
 a

nd
 g

as
 

te
ch

no
log

ie
s 

is
 b

as
ed

 o
n 

th
e 

le
ve

lis
ed

 
co

st
 o

f e
le

ct
ric

ity
 (L

CO
E)

 o
r t

he
 le

ve
lis

ed
 

co
st

 o
f g

as
 (L

CO
G)

, r
es

pe
ct

iv
el

y. 
Th

e 
LC

OE
 o

r L
CO

G 
of

 e
ac

h 
te

ch
no

log
y, 

as
 

ap
pl

ic
ab

le
, i

s 
th

e 
m

in
im

um
 c

os
t o

f 
en

er
gy

 a
t w

hi
ch

 a
 g

en
er

at
or

 m
us

t s
ell

 
th

e 
el

ec
tri

ci
ty

 o
r g

as
 p

ro
du

ce
d 

us
in

g 
th

at
 

te
ch

no
log

y i
n 

or
de

r t
o 

ac
hi

ev
e 

its
 ta

rg
et

 
le

ve
l o

f r
et

ur
n.

Th
e 

LC
OE

 o
r L

CO
G 

of
 e

ac
h 

ty
pe

 o
f 

ge
ne

ra
tio

n 
ca

pa
ci

ty
, a

s 
ap

pl
ic

ab
le

, i
s 

de
pe

nd
en

t o
n 

th
e 

fo
llo

wi
ng

 fa
ct

or
s:

 c
ap

ita
l c

os
ts

;
  v

ar
ia

bl
e 

op
er

at
in

g 
co

st
s;

 fu
el

 c
os

ts
;

 c
ar

bo
n 

pr
ic

e;
 c

ap
ac

ity
 fa

ct
or

;
 th

e 
di

sc
ou

nt
 ra

te
; a

nd
 th

e 
am

or
tis

at
io

n 
pe

rio
d.
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Af
te

r t
he

 L
CO

E 
or

 L
CO

G 
is

 c
al

cu
la

te
d,

 
th

e 
‘d

eli
ve

re
d 

co
st

’ o
f e

ac
h 

re
ne

wa
bl

e 
en

er
gy

 te
ch

no
lo

gy
 c

an
 b

e 
ca

lcu
la

te
d.

 T
he

 
de

liv
er

ed
 c

os
t i

s 
eq

ua
l t

o 
th

e 
LC

OE
 o

r 
LC

OG
 w

ith
 tr

an
sm

is
sio

n 
an

d 
di

st
rib

ut
io

n 
ne

tw
or

k 
co

st
s 

ad
de

d.
 T

hi
s 

re
pr

es
en

ts
 

th
e 

ac
tu

al
 c

os
t i

nc
ur

re
d 

in
 d

eli
ve

rin
g 

a 
un

it 
of

 e
le

ct
ric

ity
 o

r a
 u

ni
t o

f g
as

 fr
om

 a
 

ge
ne

ra
to

r u
sin

g 
ea

ch
 ty

pe
 o

f t
ec

hn
ol

og
y, 

As
 s

uc
h,

 a
 re

ne
wa

bl
e 

en
er

gy
 te

ch
no

log
y 

de
liv

er
ed

 c
os

t i
s 

le
ss

 th
an

 o
r e

qu
al

 to
 th

e 
de

liv
er

ed
 c

os
t o

f t
he

 b
as

eli
ne

 e
le

ct
ric

ity
 

or
 g

as
 te

ch
no

log
y, 

wh
ich

 is
 a

ss
um

ed
 to

 
be

 b
la

ck
 c

oa
l w

ith
ou

t c
ar

bo
n 

ca
pt

ur
e 

an
d 

se
qu

es
tra

tio
n 

(C
CS

), 
th

e 
cu

rre
nt

 
pr

im
ar

y s
ou

rc
e 

of
 b

as
e 

lo
ad

 p
ow

er
 in

 
NS

W
, f

or
 e

le
ct

ric
ity

 a
nd

 p
ip

eli
ne

 n
at

ur
al

 
ga

s 
fo

r g
as

.

re
du

ct
io

n 
is

 a
ch

ie
ve

d 
at

 th
e 

lo
we

st
 

ov
er

al
l c

os
t t

o 
so

cie
ty

. T
he

 m
ar

gi
na

l 
so

cia
l c

os
t o

f a
ba

te
m

en
t f

or
 e

ac
h 

of
 th

e 
fo

ur
te

en
 re

ne
wa

bl
e 

el
ec

tri
ci

ty
 

re
so

ur
ce

s,
 a

nd
 b

as
eli

ne
 te

ch
no

log
ie

s 
ne

ed
 to

 b
e 

ev
al

ua
te

d 
in

 o
rd

er
 to

 c
om

pa
re

 
th

eir
 re

la
tiv

e 
co

st
-e

ffe
ct

iv
en

es
s 

in
 a

ch
ie

vin
g 

gr
ee

nh
ou

se
 g

as
 

em
is

sio
ns

 a
ba

te
m

en
t. 

Th
e 

m
et

ho
do

log
y a

do
pt

ed
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st

im
at

in
g 

th
e 

m
ar

gi
na

l s
oc

ia
l c

os
t o

f a
ba

te
m
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of
 th

e 
re

ne
wa

bl
e 

en
er

gy
 te

ch
no

log
ie

s 
an

d 
re

so
ur

ce
s 

is
 b

as
ed

 o
n 

th
e 

sa
m

e 
m

et
ho

do
log

y t
ha

t w
as

 u
se

d 
fo

r t
he
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 H
ow

ev
er

, w
he

n 
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er
in

g 
th
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ch
y o

f r
en

ew
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le
 e

ne
rg

y 
te

ch
no

log
ie

s 
an
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at
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r t
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 b
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e r
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 c
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 d
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 d
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r r
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l b
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.
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 c
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 d
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t r
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 p
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 d
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at
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e 

ab
se

nc
e 

of
 o

xy
ge

n 
wh

ich
 p

ro
du

ce
s 

In
 a

na
er

ob
ic

 d
ig

es
tio

n,
 m

ic
ro

-o
rg

an
ism

s,
 in

 th
e 

ab
se

nc
e 

of
 o

xy
ge

n,
 c
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f c
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 d
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 b
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 c
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 p
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TARGET

ENERGY EFFICIENCY

RENEWABLE ELECTRICITY 
(INSIDE LGA)

RENEWABLE ELECTRICITY 
(BEYOND LGA)

24/7 TRIGENERATION

WASTE

TRANSPORT

RENEWABLE
GASES

2006 BASELINE

2030 BAU

0m1m2m3m4m5m6m7m

Million Tonnes C02e per annum
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 c
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nt
 w

ith
 th

e 
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ve
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m

en
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 R
en
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ne
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t 
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em
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 d
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e 
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s 
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 d
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Th
e 
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T 
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m
e 

op
er

at
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s 
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o 
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ra
te

 p
ar

ts
, s
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ng

 b
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h 
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rg
e 

sc
al

e 
pr
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 s
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h 
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in
d 
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m

m
er
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l s
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r a

nd
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eo
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m
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 p
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er
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at
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nd
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 p

ro
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s 
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p 
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r p
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r 
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.

Th
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e 
to
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e 
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en
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le

 
en

er
gy

 ta
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et
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y p
ro

m
ot

in
g 

en
er

gy
 

se
cu

rit
y t

hr
ou

gh
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 m
or

e 
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ve
rs

e 
en

er
gy
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ix,
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g 
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al

 d
ep

en
de

nc
e,

 

m
ov

in
g 
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r e

m
is

sio
n 

en
er

gy
 

so
ur
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s.
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d 
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de
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ne
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e 

en
er

gy
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.

Th
e 
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W
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ov
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en
t p
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he
d 
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 R
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le

 E
ne
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y A
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ep
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m
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e 

ac
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ev
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t o
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l t
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ge
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e 
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 d
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el
op

ed
 to
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e 
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e 
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ne
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y f
ro

m
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t c
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e 
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.

In
ce

nt
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e 
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m
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h 
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W
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r B
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ch
em
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e 

no
w 
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en
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se
d 

to
 n

ew
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pp
lic

an
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lth

ou
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ll 
op

er
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e 
un
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01
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 S
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r B
on

us
 

Sc
he

m
e 

pr
ov

id
es
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 fe

ed
-in

 ta
rif

f f
or

 
eli

gi
bl

e 
cu

st
om

er
s 
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 s
m

al
l s
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r o

r 
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en
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at
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s 
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 c
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ne
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e 
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 C
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e 
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d 
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 b
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 p
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bl
e 
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ch

 c
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ec
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as
ed
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 c
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ne

y’s
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en

t 
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 p
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t p
ro
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gs

. 
Th
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 c
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ls
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d 
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6. ST
AN
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RD
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E 
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NN
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TI

ON
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S 
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R 

RE
NE

W
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LE
 E

LE
CT

RI
CI

TY
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D 

GA
S 

NE
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KS
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bl
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 s
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nd
ar

ds
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r g
rid

 tr
an

sm
is

sio
n 

an
d 

di
st
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ut
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n 
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tio

n 
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Un
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rta
in
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in
g 
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te

nt
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l f
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nn
ec

tin
g 
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 g
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ne
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or
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 b
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r t
o 

gr
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te
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io
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of
 re

ne
wa

bl
e 

en
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Th
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 p
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a 
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e 
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y t
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er
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in
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tio
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l c
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rg
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ug
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en
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 c
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ne
ct

in
g 
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ci
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 g
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 n
et

wo
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s 
m

ay
 p

la
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el
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tri
ci

ty
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nd
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 c
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ne
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o 

th
e 
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nn

ec
te

d 
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e 

co
st
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 p

as
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d 
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.
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 d
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e 
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e 

el
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ci
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 g
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et
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ed
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oc
al

 g
en

er
at

io
n 
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n 
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n 
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e 
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an
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em

en
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f t
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m
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d.

Av
oid
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s 
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e 

a 
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te
nt

ia
l s

ou
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e 
of

 re
ve
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e 

th
at

 c
ou

ld
 

he
lp

 e
ns

ur
e 

th
e 

via
bi

lit
y o

f t
he

 re
ne

wa
bl

e 
en

er
gy

 te
ch

no
log

ie
s 

co
ns

id
er

ed
 in

 th
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Re

ne
wa

bl
e 

En
er

gy
 M

as
te

r P
la

n.
 

Co
nn

ec
te

d 
us

er
s 

th
at

 re
ce

iv
e 

el
ec

tri
ci

ty
 

fro
m

 c
lo

se
ly 

lo
ca

te
d 

ge
ne

ra
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rs
 (s

uc
h 

as
 w

in
d 
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in
es

) a
re

 c
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ly 
ch
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d 
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ll 
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ut
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n 
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e 

ne
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k 
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at
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 re
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ce
d 
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po
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tio
n 
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 e

le
ct
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ity

 o
ve

r t
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 n
et

wo
rk
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ho

ul
d 

di
st

rib
ut

io
n 
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ar

ge
s.
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hi

s 
wo
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d 
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id
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 in

ce
nt

iv
is

e 
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op
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ne
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e 
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er
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 te
ch
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g 
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sy
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s 
an
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pr
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r p
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D 
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AV
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R 
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W
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NE
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S
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ea
su

re
s 

to
 re
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e 
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r p
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s 

an
d 
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ra
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 p
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e 
se
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d 

co
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m
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rt
fa
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 b
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a 
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m
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e 
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e 
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bl
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r’s
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r 
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n 
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f c
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en
cy
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 th
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at
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po
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r
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l c
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m
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e 
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e 
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th
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 d
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s 
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e 
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s,

 s
uc
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m
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ne
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e 
ga
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s 
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m
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 d
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ve
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se
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Th
e 
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bl
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 s
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r s
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d 
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e 
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 b
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g 
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ur
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to
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e 
en
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n 
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ns

.

Fo
r b
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ld

in
g 
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e 
te
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no
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te
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ak

e 
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ui
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in

g 
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ne
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 d
ep

en
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er
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ro
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ia
te

 in
ce

nt
iv

e 
m
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s 
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 d
ev

el
op

ed
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ll 
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ve
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 o

f G
ov

er
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en
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r p

re
cin

ct
 s
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le

 re
ne

wa
bl

e 
po

we
r 

pl
an

ts
 w

ith
in

 th
e 

Ci
ty
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f S

yd
ne

y L
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 a
nd
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in

 c
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se
 p
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xim

ity
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 th
e 
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 th
e 

Ci
ty

 o
f S

yd
ne

y m
ay

 b
e 
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le

 to
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ire
ct

ly 
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nt
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ut
e 

or
 in

ce
nt

iv
is

e 
in

st
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ro

ug
h 

in
ve
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m

en
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al
 in

ve
st

m
en

t, 
su

pp
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t f
or

 c
om

m
un

ity
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e 
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he

m
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of
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at
e 
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ns
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pp
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ia
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ut
e 
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wa
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s 

th
e 
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’s 
re

ne
wa

bl
e 

en
er

gy
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rg
et

s.
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E 
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L 
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E 
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R 
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W

 D
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EL
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M
EN

T
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l G
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m
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l 
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gr
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e 
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re

em
en

t) 
Ac

t 2
01

0 
en
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le

s 

in
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 re

sid
en

tia
l a

nd
 s
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ul

ti 
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sid
en

tia
l b

ui
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in
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 c
an

 in
clu

de
 

bu
ild
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r p
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m
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 it
 e
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r b
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in
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ow
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 c
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 d
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m
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ce
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m

s.
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M
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 C
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ra
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e 
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 b
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 D
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e 
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 re
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f S

yd
ne

y b
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ra
te
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 d
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ne
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e 
en
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gy
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ce
s 
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d 
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ch

no
log

ie
s 

de
ta
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d 

in
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 M
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r P

la
n 
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m

pr
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e 
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ne
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bl
e 
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tri
ci
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ne
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bl
e 
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s 
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Th
e 
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 c
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e 
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ed
 to
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nd
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1.
 

 Co
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ut
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n 

to
wa

rd
s 

th
e 
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’s 
re

ne
wa

bl
e 

el
ec

tri
ci

ty
 ta

rg
et

.

2.
  C

on
tri

bu
tio
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wa
rd

s 
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ce

 th
at

 c
an

 d
eli

ve
r 

he
at

in
g 

an
d 

co
oli

ng
 fo

r s
us

ta
in

ab
le

 c
om

m
un

iti
es

. T
hi

s 
ca

n 
al

so
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pr
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e 
se

lf-
im

ag
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he

al
th

, e
m

pl
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m
en

t a
nd

 e
co

no
m

y t
he

re
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 h
elp

in
g 

to
 re

st
or

e 
lo

ca
l p

rid
e.
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 c
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e 
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sh
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, u

sin
g 

th
eir

 th
er

m
al

 e
ne

rg
y t

o 
po

we
r a

 d
is

tri
ct

 h
ea

tin
g 

sy
st

em
 fo

r 3
50

 h
om

es
 

an
d 

16
1,

00
0m

2  o
f c

om
m

er
cia

l, 
re

ta
il,

 h
ot

el,
 s

ch
oo

ls,
 h

ea
lth

ca
re

 a
nd

 o
th

er
 p

ub
lic

 

St
at

is
tic

s.
 T

he
 g

eo
th

er
m

al
 e

ne
rg

y i
s 

us
ed

 to
 p

ro
vi

de
 H

ee
rle

rh
eid

e 
wi

th
 h

ea
tin

g 
an

d 
ho

t w
at

er
 in

 th
e 

wi
nt

er
 a

nd
 c

oo
lin

g 
in

 th
e 

su
m

m
er

.

Th
e 

di
st

ric
t h

ea
tin

g 
an

d 
co

oli
ng

 n
et

wo
rk

 d
er

iv
es

 it
s 

ge
ot

he
rm

al
 e

ne
rg

y f
ro

m
 5

 w
ell

s 
dr

ill
ed

 in
 v

ar
io

us
 lo

ca
tio

ns
 a

ro
un

d 
th

e 
to

wn
 to

 a
cc

es
s 

th
e 

un
de

rg
ro

un
d 

m
in

e 
sh

af
ts

. 
Ea

ch
 w

ell
 is

 7
00

m
 d

ee
p 

an
d 

ca
n 

pu
m

p 
ou

t n
ea

rly
 8

0m
3  o

f w
at

er
 p

er
 h

ou
r. 

Th
e 

wa
te

r 
te

m
pe

ra
tu

re
 a

t t
he

 b
ot

to
m

 o
f t

he
 w

ell
s 

is
 3

2º
C 

wh
ich

 g
ra

du
al

ly 
co

ols
 to

 2
8º

C 
at

 th
e 

su
rfa

ce
. T

he
 w

ar
m

 w
at

er
 fr

om
 th

e 
m

in
e 
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 b

ro
ug

ht
 to

 th
e 

su
rfa

ce
 w

he
re

 a
 h

ea
t p

um
p 

te
m

pe
ra

tu
re

 m
in

ew
at

er
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pe
d 
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ck

 d
ow

n 
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 4
50

m
 to

 b
e 

re
he

at
ed
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 th

e 
wi

nt
er

. 
To

 p
ro

vi
de

 c
oo

lin
g 

in
 th

e 
su

m
m

er
, w

at
er
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 p

um
pe

d 
fro

m
 a
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h 
sh

al
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we
r d

ep
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 o
f 

25
0m

, w
he
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 th

e 
wa
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r i

s 
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er

.
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e 
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he
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 d
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 h
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g 
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 d
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d 
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m
 lo

ca
l s
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ne
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y s
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 p
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, c
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en
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 u
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o 
lo
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 g
en

er
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e 
el

ec
tri

ci
ty

 
an

d 
to

 s
up
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y t
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rm

al
 e

ne
rg

y. 
Th

e 
ge

ot
he
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 d
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g 

sy
st

em
 re

du
ce

s 
pr

im
ar

y e
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y c
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m
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se
 g
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 e

m
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 b
y 5

5%
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K
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 E
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ip
 in

 c
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tio
n 
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e 

M
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on
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n 
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n 
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n 
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ne
rg
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r G
re
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 L
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n 
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ed
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e 
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r t
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 G
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 L
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do

n 
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ea
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di
ct
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 b
e 
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4M
W

, g
en

er
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in
g 
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4.

5G
W

h 
of

 
el

ec
tri

ci
ty

 a
nn
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lly

, t
he

 e
qu

iv
al

en
t o

f s
up

pl
yin

g 
el

ec
tri

ci
ty

 to
 1

16
,0

15
 h

ou
se

ho
ld

s 
an

d 
re

du
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g 
gr

ee
nh

ou
se

 g
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 e
m

is
sio

ns
 b

y 1
47

,0
15
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nn
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ar

. 

Th
e 

Da
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an
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d 
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 c
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1.

8M
W

 a
nd
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ne

 2
.3

M
W

 w
in

d 
tu
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in

es
 d

ire
ct

ly 
su

pp
lyi

ng
 th

e 
Fo

rd
 D

ag
en

ha
m

 D
ie

se
l C

en
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 w
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 1
00

%
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e 

en
er
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. O

ne
 tu

rb
in

e 
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 lo
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te
d 
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 F
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d’

s 
su
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ce

 c
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 tu
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e 
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e 
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f 

a 
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h 
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ot
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r b
y t
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 s
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e 
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. D
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e 

79
 m
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 h
eig
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f 
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e 
tu
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in
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nd
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82
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r d
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m

et
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s 
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 d

o 
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t a
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ll 
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e 
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ra
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s 
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d 
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h 
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 c
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n 
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 c
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 w
in
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 c
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s 
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 b
e 
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e 
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 d
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g 
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tri
ci

ty
 d
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ly 
to
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 c
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m
er
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n 
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e 

di
st
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n 

ne
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 a
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g 
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 m
in

im
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s 
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el
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 re
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m
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ar
k 
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o 
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 c
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ne

rg
y p

ow
er

 u
til

iti
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 h
av

e 
se

en
 th

eir
 s

ha
re

 o
f t
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el
ec

tri
ci

ty
 m

ar
ke

t r
ed
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 li

ttl
e 

ov
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 5
0%

 o
f t
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 d

om
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tic
 d

em
an

d 
in

 1
0 

ye
ar

s.
 

By
 2

00
0,

 a
ro

un
d 

15
0,

00
0 

ho
us

eh
old

s 
we

re
 c

o-
ow

ne
rs

 o
f a

 lo
ca

l w
in

d 
tu

rb
in

e.
 It

 w
as

 
th

e 
ow

ne
rs

hi
p 

m
od

el
 ra

th
er

 th
an

 th
e 

ta
rif

f s
tru

ct
ur

e 
th

at
 le

d 
to

 th
e 

su
cc

es
s 

of
 w

in
d 

en
er

gy
 in

 D
en

m
ar

k.
 It

 w
as

 th
e 

ke
y f

ac
to

r b
eh

in
d 

th
e 

hi
gh

 p
ub

lic
 a

cc
ep

ta
nc

e 
th

at
 

wi
nd

 e
ne

rg
y p

ro
je

ct
s 

en
jo

ye
d 

an
d 

it 
en

ab
le

d 
a 

m
uc

h 
fa

st
er

 d
ep

lo
ym

en
t, 

sin
ce

 la
rg

e 
nu

m
be

rs
 o

f p
eo

pl
e 

we
re

 in
vo

lv
ed

 in
 th

e 
se

ct
or

 th
at

 g
en

er
at

ed
 tr

em
en

do
us

 g
oo
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ill

 
to

wa
rd

s 
wi

nd
 e

ne
rg

y.

Th
e 

M
id

de
lg

ru
nd

en
 w

in
d 

fa
rm

 in
 C

op
en

ha
ge

n 
Ha

rb
ou

r b
ec

am
e 

op
er

at
io

na
l i

n 
20

00
 

an
d 

co
m

pr
is

es
 tw

en
ty

 2
M

W
 w

in
d 

tu
rb

in
es

 w
ith

 a
 h

ub
 h

eig
ht

 o
f 6

4 
m

et
re

s 
an

d 
a 

ro
to

r 
di
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et

er
 o

f 7
6 

m
et

re
s 

su
pp

lyi
ng

 4
%

 o
f t

he
 e

le
ct

ric
ity

 re
qu

ire
m

en
ts

 o
f C

op
en

ha
ge

n.
 

Th
e 

of
fs

ho
re

 w
in

d 
fa
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 is

 3
.5

km
 fr

om
 C

op
en

ha
ge

n 
ha

rb
ou

r a
nd

 h
ig

hl
y v

isi
bl

e 
fro

m
 

th
e 

11
th

 c
en

tu
ry

 c
ity

 w
ith

 it
s 

hi
st

or
ic

 a
nd

 m
od

er
n 

bu
ild

in
gs

. 

Th
e 

M
id

de
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ru
nd

en
 w

in
d 

fa
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 is
 5

0%
 o
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ed

 b
y t

he
 C

op
en

ha
ge

n 
ut

ili
ty

 a
nd

 5
0%

 
ow

ne
d 
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 a

 c
om

m
un

ity
 c

oo
pe

ra
tiv

e 
wi

th
 8

,6
50

 m
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be
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. E
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h 
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op
er

at
iv

e 
sh

ar
e 

co
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is
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 o
f 1

,0
00

kW
h/

ye
ar

 o
f e

le
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 a
nd

 w
as

 s
old

 fo
r 4

,2
50

 D
KK

 ($
71

0 
AU

D)
. T

he
 

nu
m

be
r o

f s
ha

re
s 

so
ld

 w
as

 b
as

ed
 o

n 
50

%
 o

f 8
1G

W
h/

ye
ar

 w
ith

 9
0%

 o
f 8

9G
W

h/
ye

ar
 

gu
ar

an
te

ed
 p

ro
du

ct
io

n 
pr

ov
id

in
g 

a 
ra

te
 o

f r
et

ur
n 

of
 7.

5%
 a

fte
r d

ep
re

cia
tio

n.
 H

ow
ev

er
, 

an
nu

al
 g

en
er

at
io

n 
ha

s 
be

en
 a

s 
hi

gh
 a

s 
10

0G
W

h 
pr

ov
id

in
g 

a 
5.

7%
 b

et
te

r p
er

fo
rm

an
ce

 
th

an
 th

e 
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an

te
ed

 m
in

im
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 e
le

ct
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at
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n.

FI
GU

RE
 6

7:
 C

OP
EN

HA
GE

N 
HA

RB
OU

R 
W

IN
D 

TU
RB

IN
ES

, D
EN

M
AR

K 
SO

UR
CE

: i
-S

US
TA

IN

95
CI

TY
 O

F 
SY

DN
EY

 | 
De

ce
nt

ra
lis

ed
 E

ne
rg

y M
as

te
r P

la
n 

—
 R

en
ew

ab
le

 E
ne

rg
y

RE
NE

W
AB

LE
 

EN
ER

GY
 

RE
SO

UR
CE

S

RE
-T

HI
NK

IN
G 

RE
NE

W
AB

LE
 

EN
ER

GY

RE
NE

W
AB

LE
 

EN
ER

GY
 F

OR
 T

HE
 

CI
TY

 O
F 

SY
DN

EY

PE
RF

OR
M

AN
CE

 
M

EA
SU

RE
S

EN
AB

LI
NG

 T
HE

 
M

AS
TE

R 
PL

AN

CA
SE

 S
TU

DI
ES

1 2 3 4 5 6CA
SE

 S
TU

DI
ES

6



UT
IL

IT
Y 

SC
AL

E 
TE

CH
NO

LO
GI

ES
 B

EY
ON

D 
TH

E 
CI

TY

GR
EE

NO
UG

H 
RI

VE
R 

SO
LA

R 
PV

 F
AR

M
, G

ER
AL

DT
ON

, W
ES

TE
RN

 A
US

TR
AL

IA
Gr

ee
no

ug
h 

Ri
ve

r S
ola

r P
V 

Fa
rm

 is
 A

us
tra

lia
’s 

la
rg

es
t s

ola
r f

ar
m

 a
nd

 is
 lo

ca
te

d 
50

km
 

so
ut

h 
ea

st
 o

f G
er

al
dt

on
 in

 W
es

te
rn

 A
us

tra
lia

’s 
m

id
-w

es
t r

eg
io

n.
 P

ha
se

 1
 o

f t
he

 p
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0M
W

p.

th
e 

st
ab

le
 c
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m
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 d
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ra
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 D
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 d
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 re
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 b
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 c
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ra
tio

n 
pl

an
ts

 
su

pp
lyi

ng
 th

e 
Gr

ea
te

r C
op

en
ha

ge
n 

de
ce

nt
ra

lis
ed

 o
r d
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 b
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 b
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 o
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r C
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 e
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ixt

ur
e 

of
 c
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 m
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 b
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 c
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NE
W

AB
LE

 G
AS

 G
RI

D 
IN

JE
CT

IO
N,

 D
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r 

sy
ng

as
. T

he
 o

rg
an

ic
 fr

ac
tio

n 
of

 th
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r b
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 b
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 m
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 D
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 p
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 b
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ra
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 b
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 d
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is

 u
se

d 
to

 ru
n 

an
 o

n-
si

te
 4

00
kW

e 
co

m
bi

ne
d 

he
at

 a
nd

 
po

we
r o

r c
og

en
er

at
io

n 
en

gi
ne

 to
 s

up
pl

y h
ea

t a
nd

 e
le

ct
ric

ity
 to

 th
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ra
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f l
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 c
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t b
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. D
is

tri
ct

 h
ea

tin
g 

an
d 

co
oli

ng
 is

 a
ls

o 
th

e 
m

ai
n 

so
ur

ce
 o

f t
he

rm
al

 e
ne

rg
y 

be
en

 u
se

d 
in

 S
we

de
n 

sin
ce

 th
e 

19
90

s.
 To

ge
th

er
, t

he
y r

ep
re

se
nt

 m
or

e 
th

an
 4

0%
 o

f t
he

 
co

un
try

’s 
en

er
gy

 u
se

.

Sw
ed

en
 h

as
 a

m
bi

tio
us

 ta
rg

et
s 

to
 p

ro
vi

de
 5

0%
 re

ne
wa

bl
e 

en
er

gy
 b

y 2
02

0,
 tr

an
sp

or
t 

in
de

pe
nd

en
t o

f f
os

sil
 fu

els
 b

y 2
03

0,
 4

0%
 re

du
ct

io
n 

in
 g

re
en

ho
us

e 
ga

s 
em

is
sio

ns
 b

y 
20

20
 a

nd
 ze

ro
 n

et
 g

re
en

ho
us

e 
ga

s 
em

is
sio

ns
 b

y 2
05

0.

El
ec

tri
ci

ty
 p

ro
du

ct
io

n 
is

 5
1%

 re
ne

wa
bl

e 
en

er
gy

 a
nd

 3
7%

 n
uc

le
ar

 e
ne

rg
y w

ith
 th

e 
re

m
ai

ni
ng

 1
2%

 b
ein

g 
m

ad
e 

up
 o

f f
os

sil
-fu

ell
ed

 a
nd

 b
io

fu
el

-b
as

ed
 p

ro
du

ct
io

n.
 

Ho
we

ve
r, 

el
ec

tri
ci

ty
 p

ric
es

 re
ac

he
d 

re
co

rd
 le

ve
ls

 in
 2

00
9/

10
 p

rim
ar

ily
 d

ue
 to

 lo
w 

ge
ne

ra
tio

n 
an

d 
im

po
rts

 fr
om

 th
e 

No
rd

 P
oo

l. 
Sw

ed
en

 is
 m

ov
in

g 
aw

ay
 fr

om
 fo

ss
il 

fu
el

 
po

we
r a

nd
 n

uc
le

ar
 e

ne
rg

y a
nd

 is
 li

ke
ly 

to
 p

ha
se

 o
ut

 n
uc

le
ar

 e
ne

rg
y b

y 2
03

5.
 T

hi
s 

wi
ll 

ha
ve

 to
 b

e 
re

pl
ac

ed
 b

y r
en

ew
ab

le
 e

ne
rg

y.

th
e 

19
90

s.
 T

he
 u

se
 o

f b
io

fu
els

 a
nd

 re
ne

wa
bl

e 
ga

se
s 

in
 th

e 
Sw

ed
ish

 e
ne

rg
y s

ys
te

m
 

ha
s 

al
so

 in
cr

ea
se

d 
fro

m
 1

0%
 o

f t
ot

al
 e

ne
rg

y s
up

pl
y i

n 
th

e 
19

80
s 

to
 o

ve
r 2

5%
 to

da
y. 

M
os

t o
f t

he
 in

cr
ea

se
 in

 b
io

en
er

gy
 o

r r
en

ew
ab

le
 g

as
es

 h
as

 o
cc

ur
re

d 
in

 in
du

st
ry

 a
nd

 fo
r 

co
ge

ne
ra

tio
n 

di
st

ric
t h

ea
tin

g,
 a

lth
ou

gh
 u

se
 is

 a
ls

o 
in

cr
ea

sin
g 

in
 th

e 
re

sid
en

tia
l a

nd
 

tra
ns

po
rt

 s
ec

to
rs

. M
or

e 
th

an
 2

30
 re

ne
wa

bl
e 

ga
s 

pl
an

ts
 a

nd
 m

or
e 

th
an

 3
0 

re
ne

wa
bl

e 
ga

s 
gr

id
 in

je
ct

io
n 

pl
an

ts
 a

re
 c

ur
re

nt
ly 

in
 o

pe
ra

tio
n.

 In
 a

dd
iti

on
, m

or
e 

th
an

 1
10

 p
ub

lic
 

re
ne

wa
bl

e 
ga

s 
re

fu
ell

in
g 

st
at

io
ns

 a
re

 a
va

ila
bl

e 
fo

r t
ra

ns
po

rt
 fu

el
 g

as
.

Bi
om

as
s 

is
 c

on
sid

er
ed

 a
s 

a 
ca

rb
on

 n
eu

tra
l f

ue
l a

s 
th

e 
am

ou
nt

 o
f C

O2
 re

le
as

ed
 o

n 
bu

rn
in

g 
bi

om
as

s 
eq

ua
ls

 th
e 

up
ta

ke
 o

f C
O2

 fr
om

 th
e 

at
m

os
ph

er
e 

du
rin

g 
th

e 
gr

ow
th

 
of

 th
e 

bi
om

as
s.

 Fu
els

 li
ke

 h
yd

ro
ge

n,
 m

et
ha

ne
, F

is
ch

er
-T

ro
ps

ch
 d

ie
se

l a
nd

 m
et

ha
no

l 
pr

od
uc

ed
 fr

om
 b

io
m

as
s 

ha
ve

 th
e 

po
te

nt
ia

l t
o 

be
co

m
e 

a 
ca

rb
on

 n
eg

at
iv

e 
fu

el,
 b

ec
au

se
 

pa
rt

 o
f t

he
 b

io
m

as
s 

ca
rb

on
 is

 s
ep

ar
at

ed
 a

s 
CO

2 
in

 a
 c

on
ce

nt
ra

te
d 

st
ea

m
 d

ur
in

g 
th

e 
pr

od
uc

tio
n 

pr
oc

es
s.

 If
 th

is
 p

ur
e 

CO
2 

st
re

am
 is

 s
eq

ue
st

er
ed

, t
he

se
 fu

els
 c

an
 b

ec
om

e 

th
er

e 
wo

ul
d 

be
 u

p 
to

 a
 7

0%
 re

du
ct

io
n 

in
 C

O2
 e

m
is

sio
ns

. I
f t

he
 p

ur
e 

CO
2 

st
ea

m
 is

 n
ot

 
ve

nt
ed

 in
to

 th
e 

at
m

os
ph

er
e 

bu
t s

eq
ue

st
er

ed
 in

, f
or

 e
xa

m
pl

e,
 a

 d
ep

le
te

d 
na

tu
ra

l g
as

 

th
e 

de
sir

ed
 re

ac
tio

ns
. T

he
 ra

w 
sy

ng
as

 is
 a

 m
ixt

ur
e 

co
m

po
se

d 
m

os
tly

 o
f h

yd
ro

ge
n 

(H
2)

, c
ar

bo
n 

m
on

ox
id

e 
(C

O)
, c

ar
bo

n 
di

ox
id

e 
(C

O2
), 

wa
te

r v
ap

ou
r (

H2
O)

 a
nd

 m
et

ha
ne

 
(C

H4
) a

s 
we

ll 
as

 s
m

al
le

r a
m

ou
nt

s 
of

 h
yd

ro
ge

n 
su

lp
hi

de
 (H

2S
) a

nd
 li

gh
t h

yd
ro

ca
rb

on
s 

su
ch

 a
s 

et
ha

ne
. S

yn
ga

s 
cle

an
in

g 
re

m
ov

es
 th

e 
pa

rti
cu

la
te

s,
 ta

rs
, H

2S
 a

nd
 a

ny
 o

th
er

 
tra

ce
 e

le
m

en
ts

. T
o 

pr
od

uc
e 

re
ne

wa
bl

e 
ga

s,
 H

2 
an

d 
CO

 a
re

 c
on

ve
rte

d 
to

 m
et

ha
ne

 v
ia

 a
 

pr
oc

es
s 

ca
lle

d 
‘m

et
ha

na
tio

n’.
 T

he
 C

O2
 is

 th
en

 re
m

ov
ed

. 

M
et

ha
ne

 p
ro

du
ce

d 
fro

m
 b

io
m

as
s 

or
 m

un
ici

pa
l o

r a
gr

icu
ltu

re
 o

r f
ar

m
in

g 
wa

st
e 

is
 

re
fe

rre
d 

to
 a

s 
bi

om
et

ha
ne

, r
en

ew
ab

le
 g

as
 o

r b
io

-s
ub

st
itu

te
 n

at
ur

al
 g

as
 (B

io
-S

NG
). 

Th
e 

co
m

po
si

tio
n 

of
 b

io
m

et
ha

ne
 is

 s
im

ila
r t

o 
na

tu
ra

l g
as

, m
ak

in
g 

re
pl

ac
em

en
t o

f 
na

tu
ra

l g
as

 b
y b

io
m

et
ha

ne
 s

tra
ig

ht
fo

rw
ar

d.
 

E.
ON

 N
or

di
c 

is
 d

ev
el

op
in

g 
m

aj
or

 re
ne

wa
bl

e 
ga

s 
gr

id
 in

je
ct

io
n 

pl
an

ts
 th

ro
ug

ho
ut

 
Sw

ed
en

. S
o 

fa
r, 

1.
5T

W
h 

of
 re

ne
wa

bl
e 

ga
s 

pl
an

ts
 h

av
e 

be
en

 im
pl

em
en

te
d 

wi
th

 a
 

po
te

nt
ia

l f
or

 a
 fu

rth
er

 1
5T

W
h 

de
ve

lo
pe

d 
by

 a
na

er
ob

ic
 d

ig
es

tio
n 

an
d 

59
TW

h 
de

ve
lo

pe
d 

re
ne

wa
bl

e 
ga

s 
gr

id
 in

je
ct

io
n 

by
 2

02
0 

co
m

pr
isi

ng
 1

0T
W

h 
fro

m
 a

na
er

ob
ic

 d
ig

es
tio

n 

la
rg

es
t p

riv
at

el
y o

wn
ed

 e
ne

rg
y c

om
pa

ny
, s

o 
is

 w
ell

 p
la

ce
d 

de
liv

er
 it

s 
vis

io
n 

ag
ai

ns
t 

Sw
ed

ish
 e

ne
rg

y p
oli

cy
.

Go
th

en
bu

rg
 in

 1
99

9.
 T

hi
s 

ge
ne

ra
te

d 
6M

W
 o

f e
le

ct
ric

ity
 a

nd
 9

M
W

 o
f h

ea
t. 

Th
is

 

re
ne

wa
bl

e 
ga

s 
pr

oj
ec

t a
t R

ya
 n

ea
r G

ot
he

nb
ur

g 
ha

rb
ou

r.

Go
te

bo
rg

 E
ne

rg
i i

s 
an

 e
ne

rg
y s

er
vi

ce
s 

co
m

pa
ny

 o
wn

ed
 b

y t
he

 C
ity

 o
f G

ot
he

nb
ur

g 
pr

ov
id

in
g 

ut
ili

ty
 s

er
vi

ce
s 

to
 m

or
e 

th
an

 3
00

,0
00

 c
us

to
m

er
s 

in
 G

re
at

er
 G

ot
he

nb
ur

g,
 

in
clu

di
ng

 c
og

en
er

at
io

n/
tri

ge
ne

ra
tio

n,
 e

le
ct

ric
ity

, n
at

ur
al

 a
nd

 re
ne

wa
bl

e 
ga

se
s,

 

he
at

in
g 

ne
tw

or
k.

 G
ot

eb
or

g 
En

er
gi

 s
up

pl
y h

ea
tin

g 
to

 9
0%

 o
f a

ll 
ap

ar
tm

en
t b

lo
ck

s 
in

 
Go

th
en

bu
rg

 w
ith

 1
,0

00
km

 o
f d

is
tri

ct
 h

ea
tin

g 
ne

tw
or

ks
 w

ith
 d

ec
en

tra
lis

ed
 c

oo
lin

g 
fo

r 
co

m
m

er
cia

l c
us

to
m

er
s.

 T
he

 d
is

tri
ct

 h
ea

tin
g 

ne
tw

or
k 

is
 1

7%
 re

ne
wa

bl
e 

fu
ell

ed
. 

Ph
as

e 
1 

of
 th

e 
Go

Bi
Ga

s 
pr

oj
ec

t w
ill

 p
ro

du
ce

 2
0M

W
 o

f r
en

ew
ab

le
 g

as
 in

je
ct

ed
 in

to
 

th
e 

ga
s 

gr
id

 in
 2

01
3 

an
d 

Ph
as

e 
2 

wi
ll 

pr
od

uc
e 

a 
fu

rth
er

 8
0M

W
 o

f r
en

ew
ab

le
 g

as
 

fo
r 8

,0
00

 h
ou

rs
 a

 ye
ar

. T
he

 m
ar

ke
t f

or
 th

is
 g

as
 is

 c
og

en
er

at
io

n 
di

st
ric

t h
ea

tin
g,

 
re

ne
wa

bl
e 

m
et

ha
ne

 fo
r i

nd
us

tri
al

 p
ro

ce
ss

es
 a

nd
 tr

an
sp

or
t f

ue
l. 

Ph
as

e 
2 

wi
ll 

ut
ili

se
 

0.
5M

t/
yr

 o
f l

ow
 q

ua
lit

y p
ul

pw
oo

d 
an

d 
fo

re
st

ry
 re

sid
ue

s.
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SI

FI
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AS
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ND
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, S

W
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EN
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EB
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G 

EN
ER

GI

FI
GU

RE
 7

9:
 G

OB
IG

AS
 B

IO
M

AS
S 

GA
SI

FI
CA

TI
ON

 R
EN

EW
AB

LE
 G

AS
 G

RI
D 

IN
JE

CT
IO

N 
– 

PH
AS

E 
1,

 
GO

TH
EN

BU
RG

, S
W

ED
EN

  
SO

UR
CE

: G
OT

EB
UR

G 
EN

ER
GI

pr
oj

ec
t n

ea
r M

al
m

o 
co

m
pr

is
es

 fo
re

st
 

re
sid

ue
s 

dr
ye

r, 
wo

od
 p

ell
et

s 
fu

el
 h

an
dl

er
, 

su
lp

hu
r a

nd
 C

O2
 re

m
ov

al
, m

et
ha

na
tio

n 
an

d 
dr

yin
g/

up
gr

ad
in

g 
fo

r r
en

ew
ab

le
 g

as
 

gr
id

 in
je

ct
io

n 
as

 p
ar

t o
f t

he
 m

et
ha

na
tio

n 
pr

oc
es

s.
 T

he
 c

om
bu

st
or

 re
-in

je
ct

s 
st

ea
m

 

fo
r t

he
 a

ir 
pr

eh
ea

te
r a

nd
 h

ot
 w

at
er

 

of
 th

e 
re

ne
wa

bl
e 

ga
s 

is
 u

se
d 

to
 ru

n 
a 

co
m

bi
ne

d 
cy

cle
 c

og
en

er
at

io
n 

tu
rb

in
e 

to
 

su
pp

ly 
he

at
 a

nd
 e

le
ct

ric
ity

 to
 th

e 
si

te
.

Th
e 

pl
an

t h
as

 a
n 

in
he

re
nt

 c
ar

bo
n 

di
ox

id
e 

(C
O2

) r
em

ov
al

 o
f a

bo
ut

 3
3%

 o
f t

he
 C

O2
 

wi
th

 th
e 

po
te

nt
ia

l t
o 

be
 c

ar
bo

n 
ne

ga
tiv

e 
wi

th
 th

e 
st

or
ag

e 
or

 re
-u

se
 o

f t
he

 C
O2

 
as

 g
re

en
ho

us
e 

fe
rti

lis
er

 o
r i

n 
th

e 
dr

in
ks

 
in

du
st

ry
. T

he
 p

la
nt

 w
ill

 a
ls

o 
ha

ve
 th

e 
ca

pa
ci

ty
 to

 c
o-

pr
od

uc
e 

liq
ui

d 
ni

tro
ge

n 
ga

s 
(N

2)
 a

nd
 li

qu
id

 b
io

m
et

ha
ne

 o
r 

hy
dr

og
en

 (H
2)

 a
nd

 c
ar

bo
n 

m
on

ox
id

e 
(C

O)
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IF
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IO

N 
RE
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W
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 G
AS

 F
UE

LL
ED

 
CO

GE
NE

RA
TI

ON
 N

ET
W

OR
K,

 L
AH

TI
, F

IN
LA

ND
Fi

nl
an

d 
is

 a
 w

or
ld

 le
ad

er
 in

 p
re

cin
ct

 s
ca

le
 d

ec
en

tra
lis

ed
 e

ne
rg

y a
cc

ou
nt

in
g 

fo
r 

50
%

 o
f t

he
 to

ta
l h

ea
tin

g 
m

ar
ke

t o
f w

hi
ch

 8
0%

 is
 p

ro
du

ce
d 

by
 c

og
en

er
at

io
n 

or
 

tri
ge

ne
ra

tio
n.

 O
ve

r 9
0%

 o
f a

pa
rtm

en
t b

lo
ck

s,
 m

or
e 

th
an

 5
0%

 o
f a

ll 
te

rra
ce

d 
ho

us
es

 
an

d 
th

e 
bu

lk
 o

f p
ub

lic
 b

ui
ld

in
gs

 a
nd

 b
us

in
es

s 
pr

em
is

es
 a

re
 c

on
ne

ct
ed

 to
 a

 d
is

tri
ct

 
he

at
in

g 
an

d/
or

 c
oo

lin
g 

ne
tw

or
k.

 

Re
ne

wa
bl

e 
en

er
gy

 a
cc

ou
nt

s 
fo

r 2
5%

 o
f p

rim
ar

y e
ne

rg
y c

on
su

m
ed

 w
hi

ch
 is

 th
e 

th
ird

 
hi

gh
es

t i
n 

th
e 

Eu
ro

pe
an

 U
ni

on
. F

in
la

nd
 is

 a
ls

o 
am

on
g 

th
e 

le
ad

in
g 

co
un

tri
es

 in
 th

e 
us

e 
of

 b
io

m
as

s 
in

 e
ne

rg
y p

ro
du

ct
io

n.
 R

en
ew

ab
le

 g
as

es
 a

nd
 o

th
er

 b
io

 e
ne

rg
y a

cc
ou

nt
s 

fo
r 

20
%

 o
f a

ll 
pr

im
ar

y e
ne

rg
y c

on
su

m
pt

io
n,

 c
ur

re
nt

ly 
th

e 
se

co
nd

 h
ig

he
st

 in
 th

e 
Eu

ro
pe

an
 

Un
io

n.
 A

 n
ew

 fe
ed

-in
 ta

rif
f w

as
 e

st
ab

lis
he

d 
in

 2
01

1 
to

 p
ro

m
ot

e 
th

e 
pr

od
uc

tio
n 

of
 

el
ec

tri
ci

ty
 b

as
ed

 o
n 

wi
nd

 p
ow

er
, r

en
ew

ab
le

 g
as

es
 a

nd
 b

io
fu

els
 to

 d
eli

ve
r F

in
la

nd
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r d
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 c
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 d
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 c
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 c
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 d
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 c
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 C
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 c
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t b
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y c
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 p
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r b
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 c
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 c
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t d
et

ai
le

d 
st

an
da

rd
s 

se
t b

y L
ah

ti 
En

er
gi

a.
 H

ou
se

ho
ld

s 
se

pa
ra

te
 w

as
te

 in
to

 
th

re
e 

re
cy

cla
bl

e 
wa

st
es

 (w
as

te
 c
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 d
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 b
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 c
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 b
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t c
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 d
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 d
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 c
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r d
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 c
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 b
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at
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 d
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 c
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