On the effects of fossil fuel prices on the
transition towards a low carbon energy
system

FESSUL

Andreas Papandreou and Franco
Ruzzenent



Time correlation 1

Food Price vs. Oil Price

Food Price Index

I-——— Oil Price —— Food Price Indexul

Source: UN Food and Agriculture Organization and the US Energy Information Agency



Coal Price (US $/8hort Ton), Ol Price (US $/Barrel)

This project is funded by the European Union under
the 7th Research Framework programme (theme SSH)
Grant Agreement nr 266800 STV PR

Time correlation?

Austria —————— Nederland Gemany France
s SPAN — SWEHEN L2 s = = Brent dated (€/bbl)
0 10 1 P g y ® o & Suatdated (€000 o —
oo ey e (iPrics  —Natrral G Price &
% 19 ¢ 90 - e Sl e enana e em e R A
L]
80 s; B0 4-~sescsssasuasaacns _
70 % T0dencncscncnannnnnnad i
60 E 60 ===
50 E 50 t==afea¥-
@
» 2 Prol I,
:
k' 30 1 - W
* e
g .ft/ \ /
2 ¥ L kv A s L DL S LR S D St | bbbt |
a
10 z 10 4 |
a B8 ™™ o v 8 ™ 0 9 8 0~ "™ o@ ® ™0 8™ 0 0 M ™O0 - ®m™™0 MN 8™ 0m®m
(=4 (=] =] (=] L= (=] — — - —
L & ] & b ] ] & ] ] &
§§§E§§E§§igg: o o o o o o o o o o
P—FFI‘FFF-FgEE

Energy prices are correlated to Oll




High energy prices (oil) driver for

decarbonization of economy?

A lesson to draw from this analysis
when it comes to a transition to
sustainable energy systems is that
the prices that are likely to have a
more important bearing on a move to
low carbon energy sources are the
prices of energy services associated
with fossil fuel inputs.

A strong historical relationship
between fuel efficiency and fuel
prices has been found across
regions (Schipper 2008). The
transport sector is likely to see the
greatest efficiency gains. (Rout et al
2008)

QOil prices are determined in a global
market while natural gas and coal
prices are determined regionally

Dollars per barrel (2011)
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Oil prices and growth are linked: why?

Hamilton (2013) (who also provides
a survey of this literature) shows that
an oil price increase takes some time
to show up in real GDP (a drop
appearing a full year after initial oil
price increase) but the size of the
effect is quite large, e.g., a 10%
increase in the price of oil (over the
three previous years' high) GDP
growth would be 0.42% slower (at
guarterly rate). This is somewhat
puzzling given that the energy
expenditure share is a small number
(4% of total GDP in the US in 2010)
and the short run price elasticity of
demand is also small. So the
significant observed response to oil
price increases cannot be attributed
to the direct effects of decreased
energy use on productivity.
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Spatial correlation

®The conceptual framework behind a network
analysis of the productive space is the same behind
the too-interconnected-to-fail theory (in place of
the too-big-to-fail) that places more attention on

the most interconnected nodes and on their role in
spreading contagion, rather than on the merely
largest ones. Likewise, energy sources that most
enter the productive structure world-wide are
more important in affecting goods prices.
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Binary Structure of the Oil Market

(year 2010)
Binary Binary Link density Filling Rho Phi
structure reciprocity
(2007):
WTW ($) 0.84 0.56 0.34 0.21 -0.10
Oil ($) 0.53 0.16 0.25 0.19 -0.17
Coal (%) 0.38 0.05 0.23 0.13 -0.13
Gas (%) 0.35 0.04 0.22 0.16 -0.19
Electricity ($) 0.17 0.02 0.19 0.10 -0.28
Food 2 0.68 0.28 0.32 0.17 -0.13

Food 3 0.70 0.35 0.33 0.16 -013



Spatial correlation: weighted structure-

$ (2010)

Table 3 Networks snapshot (2010): weighted structure, monetary flows

Networks
WTW($)

Qil ($)
Coal($)

' Gas ($)

Electricity($) |

Food($)

Recipr
ocity

0.69
0.25

0.07 |
0.08 |
0.09 |

0.36 |

Corr.
Index: exp

0.32
0.24
0.18
0.23

0.48

Corr. Index:
imp

0.37
0.18
0.16
0.16

0.48

W tot

2.5"10M2

1.1*10M1

1.5*10M0

3.2*10M0

5.4*1077

6.5*1070

links

2.4*10"4

6.6*10"3

2.2*10"3

1.9*1073

7.6*1072

1.2*10”4



Spatial correlation: weighted structure
-ton (2010)

Table 4 Networks snapshot (2010): weighted structure, mass flows

Networks  Recipro | Corr. Index: exp | Corr. Index: imp W tot links

city
WTW ton) 0.39 | C2.3*10M2 | 2.4*10M
“Qil (ton) 0.20 0.23 0.28 - 2.1*10M1 | 6.6*10"3
Coal (ton) 0.03 | 0.16 - 0.10 © o 2.010M1 | 2.2*10°3
‘Gas (ton) 0.06 | 0.12 . 0.10 ©1.6*10M1 | 1.9*1073

Food (ton) 021 | 0.34 - 0.29 ©1.4*10M1 | 1.2*10M



Energy commodities: syn and rev
correlations ($-2007)

1) Oil 2) Coal 3) Gas 4) Elect. 5) WTW 6)Food 7) Capital goods 8) Intermediate

goods 9) consumptions (final goods)
2007
1 2 3 + 5 6 7 8 9

2007
1 2 3 4 5 6 7 8 9

1t ! | | |
2t 12 ) - ,
3t 13 ; ;
4t 14 . .
5t 13 ! {5
| - ;
T 17 7t {7
8t 18 ol ls
o7 17 9t {9
I 2 3 4 s 6 1 8 9




Energy commodities: syn and rev
correlations (Tons)

5) WTW 6)Food 7) Capital goods 8)
1) Oil 2) Coal 3) Gas 4) Elect. Intermediate goods 9) consumptions

2007 2007
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 3 9




Mass balance

| Year | 1998 | 1999 | 2000 | 2001 | 2002 [ 2003 | 2004 | 2005 | 2006 | 2007
I Indon. | Rus.Fd. | Rus.Fd. | Rus.Fd. S.Arab. | Indon. | N.Zeal. | Rus.Fd | Rus.Fd. | Rus.Fd.
Il Rus.Fd. | Latvia | Austral. Usa Rus.Fd. | Rus.Fd. | Rus.F'd. | Austral. | Austral. | Austral.
111 S.Arab. | S.Arab. | S.Arab. Austral. | Austral. | S.Arab. | S.Arab. | S.Arab. | S.Arab. S.Arab
IV Kuw. | Austral. | Canada S.Arab. Brazil Brazil | Austral. Can. Can. Brazil
\' Austral. Iran Norway | U A.Emir. | Norway | Norway Can. Brazil Brazil Can.
Tabella 1: I primi cinque paesi esportatori netti di materia (in valore assoluto)
[ Year | 1998 | 1999 | 2000 | 2000 | 2002 | 2003 | 2004 | 2005 [ 2006 | 2007 |
[ India Japan Japan | Mexico | Mexico | China | China | USA USA Japan
11 Japan | Georgia Usa Japan | Japan USA USA Japan | Japan | USA
I11 USA USA R.Kor. | R.Kor. | R.Kor. | Japan | Japan | China | China | China
IV Germ. | Germ. | Mexico | Germ. Italy | RKor. | Yemen | R.Kor. | R.Kor. | R.Kor.
V R.Kor. Italy Germ. Italy China | Turkey | R.Kor. | Italy Italy Italy

Tabella 2: I primi cinque paesi importatori netti di materia (in valore assoluto)




Total volumes and connectance

Vediifw

Tolsd

5
-

wras |
T T T T
(LT 2 20m
Your
riess 3
« n® pr T T T T
= lo®
= lo¥
« fo®
i
= I
x b i i i i
[EL - XL 3w 3N
W oar
e 3
™ ™ T T
TN
F
o £
a f
= "™ E
L
. F
i i i i
[T ] b 30
Vour
rioss 7
= ¥
i i i i
[E - L 2

[
-

s
-

Vidurre

T o
6 = la
S = o
4x o
3 = o
2w o

AW

| = la®
9 x o%
= o%®
T = 0%
6 = 0%
1= ja%
4= 0%
s = %
T = ¥
6 = 0%
1w a®
4x la%

&
u T T T
: i i
lwm W £ P
Yoar
Fiews &
i i i i
vm 2w o e 2R
Yeur

|
]
=

Crrwws s s

Floras |

I 19 33N 31 32 3N 3NE 3
Vo
Florss 3
s pr T T T T T ™
aoa
i " i hasasi i

L)

Iwm 300 30l 3N 3000 3N 3N

Voar

Flormn 9

0% T TeT T TreeY
as b 4
ak k|
am b E
aaf E
asf 4
as 4
i aaasld i naeul
[ T T L T T
Voar
Flows 7
a%k E
asf 4
ank 4
am 4
axp 4
i aaasld i naeul

(L]

v 20m 20l 2NC M 008 200

¥ ot

Corrwnlsue

Tl

0 am
o
o0
i
ans

w0

i &

¥our

riews 2
Ty YTy
[E T T I8 20 20
Weas
T Teeereeeer T
F
3
E
i " haaal M M
s e 3am Wi 3N 3T 3N 30
¥our
Flrnn &
T T T T T
L
E
E
i i Sesaal i i
P s W W0 N2 3N 3N W
.
E
3
i i Sesaal i i
e e 0m 200 2002 200 204



1]

ey

Prpvry

iy

Proviay

Provuay

P kprmily

Pryvwary

Reciprocity (weighted and binary)
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Reciprocity is more correlated to oil price
than imbalace
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Reciprocity and Imbalance, 1988-2011
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Trades are production means

®International
trades in monetary
($) and mass units
(ton)

®Capital goods
(Red)

® | ntermediate
(Blue)

o] | ®Consumption
(Green)







Cycling: oll corr.

Correlation
between
cycling and
oll oprice: -
0.82

Adj. Oil Price (2011)
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