A quantitative outlook at the future of energy

World energy consumption and resources: an outlook for the rest of the 21st century

Gian Paolo Beretta
Universita di Brescia, Italy

Unit of energy for this talk: the “t0€” (ton of oil equivalent)
= the average heating value of 1 metric ton of oil (1000 kg = 7.33 barrels)

1 toe = 10 Gceal =41.87 GJ = 11,630 kWh
« 1 toe at $95/bbl costs about $70Q;

S

Global yearly consumption of primary energy in 2013: 14 Gtoe

Average per-capita consumption Average retail price
of primary energy in 2007 of 6,050 KWh of electricity in 2013
North America: 7.2 toelyr Europe: $1700 (0.28 $/kWh)
Europe : 3.8 toe/yr Mass.: $ 900 (0.15 $/kwWh)
World average: 1.9 toelyr US average: $ 670 (0.11 $/kWh)
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« OUTLOOK,APLAUSIBLE SCENARIO
« demographic growth
* energy needs
* mix of primary resources
- certain and presumed energy reserves ‘
 CO, release due to energy consumption M 4

« WHAT CAUSES CLIMATIC CHANGES?
» global warming versus CO, concentrations
* the role of solar activity
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Uneven spread of per-capita energy consumption

_Map: BP statistical review of energy 2007
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History of per-capita energy consumption

food for survival (3000 kcal/day) 0,11 toelyr
after discovery of fire (500.000 years ago) 0,22 toelyr
neolithic age, bronze age, iron age 0,45 toelyr
greek-roman rural-artisan middle-age economy 0,50 toel/yr
1800 - England < ———> 0,55 toelyr
1900 - England I:ndustrlallzatlon: 2,8 toelyr
2000 - England 3,5 toelyr

agricoltural fraction of

gross national product
<1900 - Italy 66 % 0,50 toe/yr
1900 - Italy 50 % 0,50 toe/yr
1913 - Italy 42 % « » 0,55 toelyr
1939 - ltaly 28 % industrialization 1,0 toelyr
1981 - Italy 6,4 % < > 2,5 toelyr
2000 - Italy 3,3 % 3,0 toelyr

global consumption population average per capita

greek-roman age 0,15 Gtepl/yr 0.3 billion 0,5 toelyr
year 2000 10,3 Gteplyr 6.2 billion 1,7 toelyr
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Correlations between social and economic development
and per-capita primary energy consumption
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Demographic growth outlook
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Role of scientific and technological research
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Role of scientific and technological research
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per-capita toe/yr

Per-capita consumption (forecast)
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toe/yr per capita

Per-capita consumption x population =
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B Cumulative consumption till 2000

“ Expected cumulative consumption 2001-2100

B Proved and presumed conventional reserves

¥ Presumed non-conventional reserves

B Additional probable conventional reserves

= Additional probable non-conventional reserves
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CO2 immissions due to primary energy consumption

-\
- 3

The combustion of produces*

1 toe of coal | 4,0 ton of CO2

1 toe of oil 3,1 ton of CO2

1 toe of natural gas 2,3 ton of CO2

1 toe of urban waste (~6 ton) — 10 ton of CO2(eq)

*these are rough estimates based on stoichiometry; accurate
estimates would require full life-cycle well-to-final-use analyses

The waste-to- -energy conver lon of ~6 ton of SO|Id urban waste
- MK

saves 1 toe of primary.e T 8 T

..‘. .
.

.2 .4.ton of CO2q) ".

/100 oL G
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CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
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CO2 immissions due to primary energy consumption
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Artwork by J. Kapusta - from
S. Brand, Nature 450, 797 (2007)
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billions of ton of CO2

Gton CO2

CO2 immissions due to primary energy consumption
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billions of ton of CO2

Gton CO2

CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
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billions of ton of CO2

Gton CO2

CO2 immissions due to primary energy consumption
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billions of ton of CO2

Gton CO2

CO2 immissions due to primary energy consumption

Cumulative till 2000

Cumulative till 2100

40 - 1100 Gton CO2 4100 Gton CO2
300 Gton C 1100 Gton C
| [ 71U
4 ~ & S
' & Ses
30 - M gas ‘Q& g ©
m oil a&' QQ &_)
_ [ | | > N | | o
25 coa ?Q@‘Nv 7 -
& @)
& QQ 6 i
&0 5 n
15 A atmospheric atmospheric % atmospheric
CO2 concentration CO2 concentration CO2 concentration
10 - 280 ppm 360 ppm 580 ppm
overall CO2 overall CO2 overall CO2
5 - 570 Gton C 730 Gton C 1170 Gton C
increase increase = U
0 160 Gton C 440 Gton C 0
1850 1875 1900 | (95%001300) [g75 2000 = 2  (55% of 800) 2100

- -— -

© 2014, Gian Paolo Beretta, “A quantitative outlook at the future of energy”, Northeastern University, Boston, Oct.24, 2014




s B2 YO
L
A A

Artwork by J. Kapusta - f .
S.rBrZ;d, e %ﬁ)a 797n2r2noo7) ' 1910 1930 1950 19/0 1990 2010

© 2014, Gian Paolo Beretta, “A quantitative outlook at the future of energy”, Northeastern University, Boston, Oct.24, 2014




Global
warming

Anthroplc CO2 concentration

|mm|35|ons

Q!

- Question 1:

AL

-" o .—f -

Question 2;  a \ CO2 co centratIO,ﬁ;
L the atmosp M ~f' |!IG Ie for increasing the
- mean global te eratL

‘_;-""— — e —— -
2 e E - e Sxe
g T E 2
‘:.I‘a.;{_ e

=

© 2014, Gian Paolo Beretta, “A quantitative outlook at the future of energy”, Northeastern University, Boston, Oct.24, 2014



ergy balance
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ergy balance

-Solar radiation I, = 1367 W/m?
*Albedo (about 32% gets reflected away) l ¢+ = 930 W/m?
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nergy balance

-Solar radiation I, = 1367 W/m?
*Albedo (about 32% gets reflected away) l ¢+ = 930 W/m?

IR —47zR25c7(TEanh

background )

-""I ~ 4rR%soT
"Lh"'- -~ o =5.67x10W/m2K*

b | 1/4
TEarth ~ ( 4?0]
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Spectral Irradiance (W/m?/nm)
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energy balance

-Solar radiation I, = 1367 W/m?
*Albedo (about 32% gets reflected away) l ¢+ = 930 W/m?
«Temperature with no greenhouse effect T,= 255 K (-18°C)

.h --.
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back round)
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Spectral Irradiance (W/m?/nm)
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energy balance

-Solar radiation I, = 1367 W/m?
*Albedo (about 32% gets reflected away) l ¢+ = 930 W/m?
«Temperature with no greenhouse effect T,= 255 K (-18°C)

*Would require a 1% increase in |, to produce 0.6°C increase in T,
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’s energy balance
-Solar radiation I, = 1367 W/m?
*Albedo (about 32% gets reflected away) l ¢+ = 930 W/m?
«Temperature with no greenhouse effect T,= 255 K (-18°C)
*Would require a 1% increase in |, to produce 0.6°C increase in T,
« Measured variations in 1, are less than 0.1%

- e |

Temperature vs Solar Activity

1367.54

— Temperature 11 yr average

1367

1366.5+

1366 -

Total Solar Irradiance (W/m?)
T
o
(6]

Temperature Change (° C)

1365.54 ‘ e
—Total Solar Irradiance 11 yr average
1365 T T T T T T T T T T -1.5
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greenhouse gas

-Solar radiation I, = 1367 W/m?
«Temperature with no greenhouse gases T,= 255 K (-18°C)
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a greenhouse gas

-Solar radiation I, = 1367 W/m?

«Temperature with no greenhouse gases T,= 255 K (-18°C)

*With pre-industrial greenhouse gases (1750) T,=288 K (+15°C) =T, + 33°C
«Corresponds to an | =1,+ F =1367

*F, called radiative Forcing, F=144W/m? T,-T,=33°C

can be split between the main greenhouse gases

r 64%  due to water vapor 92 W/m? 21°C

21%  dueto CO, 30 W/m? 7°C
15% due to CH4, N20, other 22 W/m? 5°C
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CO2 effect as a greenhouse gas

I, =

«Solar radiation

«Temperature with no greenhouse gases Ty= 25
*With pre-industrial greenhouse gases (1750) T,=28
Corresponds to an I=1,+ +144 \W/m?
+F, called radiative Forcing, F =144
=" can be split between the main greenhouse gases
ﬂ 64%  due to water vapor 92\
[ 21%  dueto CO, - 30W
) 15%  due to CH4, N20, other v
g o CH,
. & S
_é 1300 -
E 1100

1750 1770 1790 1810 1830 1850 1870 1800 1910 1930 1950 1970 1990 2010

© 2014, Gian Paolo Beretta, “A quantitative outlook at the future of energy”, Northeastern University, Boston, Oct.24, 2014


http://www.eea.europa.eu/data-and-maps/figures/atmospheric-concentration-of-ch4-ppb-1/csi013_fig05_ch4_concentration.eps/image_original

a greenhouse gas

-Solar radiation I, = 1367 W/m?
«Temperature with no greenhouse gases T,= 255 K (-18°C)

*With pre-industrial greenhouse gases (1750) T,=288 K (+15°C) =T, + 33°C

«Corresponds to an | =1,+ F =1367

*F, called radiative Forcing, F=144W/m? T,-T,=33°C
can be split between the main greenhouse gases

64%  due to water vapor 92 W/m? 21°C
21%  dueto CO, 30 W/m? 7°C
15%  due to CH4, N20O, other 22 W/m? 5°C
*|PCC formula
F-F,=5.35In(C/C,)

* Fo000-F1s50 = 9-351n(360/280) = 1.35 for CO2 during 20th century
e 11.35*33/144*= 0.3°C therefore increase

* F,100-F1s50 = 9-35 In(580/280) = 3.89 for CO2 during 20th+21th century
» 3.89*33/144 = 0.9°C is the estimate of T,;y,-T;s5, due to CO2 immissions
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billions of ton of CO2

Gton CO2

CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
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billions of ton of CO2
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Correlation appears weaker In last two decades
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lrregular fine variations in CO2 concentration

Anthropic immissions are
steady,

fine variations in concentration
IS not as regular.

Very much affected by the
natural periodic phenomenon
known as El Nifno (involves
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Long-time historical correlation is good but
with CO2 lagging behind T, not viceversa
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At 240000 before present, temperature increase
before CO, increase by a 800 years.
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The phase relation between atmospheric
carbon dioxide and global temperature
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Green: Change of atmospheric CO2 (Global; last 12 months minus previous 12 months)
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The phase relation between atmospheric

carbon dioxide and global temperature
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Global

Anthropic
warming

Immissions

CO2 concentration

- Question 1:

evidence does he

eyearly immissions (8 Gton ) aref 4% of natural ekchanges

«21st century overall immissio ' rj2% of the total Earth’s inventory

#

*regular immissions vers _- 7 ,;-‘ (El Nino)
sequal increase in North and Sout emisphere =
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Global
warming

Anth ropic
immissions

CO2 concentration

- Question 2:

YI1(

experimental ev; s not confirm it.

g y i 3 j
*no warming over last 20 yé@a ISCOMBIAYED Increase In concentration

fw—

*measured increases-in "f ind measured increases in T, not viceversa

large changes on OOOO years lag by about 800 years

small changes on a short i scale of 20-50 years lag by aboq&?-12 months
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could cllmatlcc a
used by solar activity?
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‘3’*dur|ng the last few decades also other planets (Mars, Jupiter,
i Neptune and Pluto and their satellites have shown clear signs of

Warmlng
A ~'Mars +0.65°C In the "'“ .

» A
- M ¥ A »

te d with Earth’ S A2 ta

0-.‘ I .
ale |rrad|ance (O, o) cannot exp1a,fﬁ'm
: : (*.-.‘

'
.
*

. °da£a seem ‘well cc
""b ok ,t v '

'l —‘—

~| .c' ’

13 qélﬁ arlatlon

.,' 2t ‘,:,,~-=*’_ 995 |
o tt?‘ 1 etyﬂ

»uﬁ

ﬁ
‘,;\) .

© 2014, Gian Paolo Beretta, “A quantitative outlook at the future of energy”, Northeastern University, Boston, Oct.24, 2014



Solar activity: s

Caused by cyclic magnetic phenomena in
the photosphere, it increases brightness
only of order 0.1%, but...
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Solar activity: s

Caused by cyclic magnetic phenomena in
the photosphere, it increases brightness
only of order 0.1%, but...
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Solar activity: s

Caused by cyclic magnetic phenomena in
the photosphere, it increases brightness
only of order 0.1%, but it produces

and (charged particles reaching

aen=r17""Tand.the other Planets).
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Solar activity: s

Solar wind, deflected by the Earth’s

Nkl magnetic field, shields it from cosmic rays.
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Solar activity: s

Solar wind, deflected by the Earth’s

magnetic field, shields it from cosmic rays.

‘%“‘Q& o ouodl

Cosmlc rays favor cloud
‘formation by prowdlng
nucleation SI'[' for water
vapor copdenstation
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Solar activity: s

Solar wind, deflected by the Earth’s

Sy magnetic field, shields it from cosmic rays.
Clouds albedo e ~

/ ,Aﬂ‘

\' -«r'f

Cosmtc’ rays favor cIou*d
‘formation by prowdmg
nucleatior’sites for water
vapor copdenstation.
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Solar activity: s

Solar wind, deflected by the Earth’s

magnetic field, shields it from cosmic rays.
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Climatic
changes

Solar
€ctivity
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ecorrelation between cloud co¥er andi€arth’s albedo
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«correlation betweer cloud co iGrays

“correlation between cos | ctivity as measured by sunspots

correlation between current global cooling and weak sunspot cyclez
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£ ‘Sustainable development is tricky!

E:
|

False hopes on single and simple solutions,
are fed on bad information and cheap futurology.

They cause waste of resources.
,ﬁ
- Examples:
il- ° th ‘6_ > T N.econc {
i  market distortions due to impulsive energy policies
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When Science goes public it requires

a lot of equilibrium!
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serious alert been called for climatic changes?

Climate chan
future of hum
(Copenhagen C

- malnutrition i

: alphabeti;iion
- deseases (malaria,
- availability of vacci

as the most important problem for the
here are other more serious priorities
2012):

erculosis, AIDS in particular)
Ebola?)

Limiting the effects of climate change is only listed as the 6°
position (not cited as global warming)

It is clear that climate changes, among the many problems that afflict
‘human kind, is still felt asalr inor problem.
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Do your research and be critical!

R > ~ £ i e

© 2008, Gian Paolo Beretta, Universita di Brescia, “WoHd energy consumption and resources: an outlook for the rest of the century”, MIT, IAP lectwre, Jan.2008
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Sea Level Change (m)



Global mean sea level (mm)
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