Thoughts on Global Energy




Primary Sources of Energy
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How much do we consume?

# Worldwide consumption rate (per second)
» 37,000 gals of all
» 150 tons coal
» 3.2 Mcf gas
# Units must have come from a veritable tower of Babel!
» Therms (or BTUs), Quads, MWh, Barrels (bbl), Tons, Tcf ...

# Lack of uniform units presents a serious impediment to
meaningful discussion

# Further confusion caused by the necessity to use
millions, billions, trillions, and quadrillions of whatever

Crane and Kinderman, 2000



Idea: Cubic Mile of Oil Equivalent.

mile
* A unit that can be visualized |
#* 1 cmo = 1 trillion gallons of ol mile

#* Also, 1 cmo = current annual worldwide oil consumption

mile

1 cmo is equivalent to:

26 Billion (109) bbl oil

6 Billion (10°) tons of hard coal
49.5 Trillion (1072) KWh electricity

153 Quadrillion (10'°) Btu (Quads)
» 1 Btu = energy from a burning match

*
*
*
*

Crane and Kinderman, 2000



Primary Sources of Energy in cmo (2017)

#* Fossil 3.11
* Oil 1.03
» Coal 1.22
* Gas 0.86
# Nuclear 19
» Fission .19
» Fusion
» Solar .53
» Hydropower 10
» Biomass & wwaste .36
» Wind, solar .07
Total 3.82

3.11 out of 3.82 cmo or 81% from fossil sources

Crane and Kinderman, 2000



World Energy Consumption 2012
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Primary energy consumption worldwide between 2010 and 2018, by region (in million
metric tons oil-equivalent)
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Historic Trend in Energy Use
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#*

Doubling every 27 years

Increases in population and living standards drive the exponential increase
in energy consumption

* By 2050, the world will need between 2 and 7 additional cmo’s!!!
= \Where will this come from??

#*



Switching to Non-Fossil Energy

# \What do we do?

» Hydro

#* Nuclear

» Wind

» Biomass

» Photovoltaic

Let's estimate what it would take to get 1 cmo
from any of these sources by 2050

Crane and Kinderman, 2000



Hydroelectric — to get 1 CMO

———

s # Three Gorges Dam is 18.2 GWe
pa » 9 times size of Aswan Dam
* $30 billion (US)
» 15 years (1994 to 2009)
» Displaced 1 million people from homes

#* 18.2 GWe is .003 CMO!
# Need over 300 such dams to get 1
CMOQO!

» By 2050, need 1 completed every 2
months




Nuclear —to get 1 CMO

# Diablo Canyon has two reactors of
~1100 MW each
» Operating for 15 years
» Studies on earthquake survivability
» One of two operating nuclear plants in CA

# Provided 1.72 x 107" MW-hrs of
electricity in 2003

#* 0.00039 CMO
#* Need over 2500 such facilities to get 1
CMOQO!

» By 2050, need ~5 facilities completed
every month




Wind - to get 1 CMO

# Denmark is putting 2 MW
windmill/turbines into the North Sea

#* 64 m high at hub, 74 m rotor diameter
(210 ft high at hub, 243 ft diameter)

# 10 turbines provided 89 x 103 MW-hrs
of electricity for Copenhagen

# 2 x 107 CMO per windmill

# Need over 5 million such facilities to
get 1 CMO!

» By 2050, need over 300 such large
windmills completed every day!

» Problems for 2/3 of time wind is not right




Biomass — to get 1 CMO

#* Average of 15 tons of biomass per
acre per year (in U.S.)

» Small power plants with low conversion
efficiency (~20%)

» Extra ~75% fossil fuel needed to convert to
liquid fuels
# 1.5 x 10° CMO per acre (not including
efficiency of conversion)

o o ot P ™ » Need over 680 million acres to get 1
Energy Effcency & Reneviable CMO!
SUNERTRISRECCRE * ~1 million square miles, or

a square 1000 miles by 1000 miles

» Impact on food prices (especially meat,
wheat, etc.)




ﬁ%lncun.ilmr *Calgary

Victoria,’ [P~ _
AR "l'l-mllllu.,l.lm arly

Seatte ¥Bellevue T
wmmﬁm i~ seeding, /
T B
b e (510,
F'Drtfand} el i
/ -‘“"x_-m,g ' -.

Fsalem

.
{ 1 i
/ IU“EUQM L/ 1daho i
i .\ f
/ 'd
! ,.! Uiregun : 4 ~ mj
I {
o
|
d

. mH

* C anada o
Regina Mnn}p‘e.% = I‘__'._z s

N

: : - g . Quebecs f F'ﬂ“ ton,
frvur i [ ’ 3 i
Rurth Dakotn i Pl ™ 4 |
-
Mantumna l| !
oy

o e\ Lo Glasni- :

; = Mantreak " “'m'w
M =ikl ¥ .
i Hemarki [ i fl
o —

\ T .
l [ T e i _ auawa*

. Wiscnmsin
South Dakita| g Saint Paul

Mgush

'\-u ul'la.nhllt'

: g Uit
B 7 N "-1 i
s T R Y sait Lake Gity] 7
o5
Vel "\g vy Fioe
ramentu- Nevada clunpbos
San and fjwian__|
Frano o o ol 1 Df‘l.k i t]]nu
cigce "Bah Joz= e o -::.*F'“'““" P
hilll‘:t&l Pramin ¥, 1Ewh I
L] ra Wiest
b Califrnin m e ~ ). exln@dn Virg i { |rp;||||.|| Hﬁ“l’l}ll{l .'“"ll"'lﬂ Beach
h Las Vepas Kentucks, ™ m@
"-‘Balocr:inu Hendemen s _.._' = qut@'fnn.s;;:?r E :bom
- ] . Arizona) W e e ) )
O Pﬁ — "L@ O S o il ~, Py :‘_II_J__.-—"'-l: Rafiafie,’ aleigh Morth Carolina
Los Mggl:ﬁ%ﬂa an Bemandng [ ; @' T L
L E'f A ot Teisive atancga e D ") welantic
oD N T A .
IJIJH'I H'-ﬂ P“”"m @ & 7 ) Vi A South Carolina
EPR— L= i anﬂl\amf‘ 7 Witarta - hoguesh-,_ -
FaEd o, Tm | J = ! LEGEND
agn x,‘:‘ m\"’;m'\ - i '-S“r"r|II / m,ﬂnun‘bui _m {‘58
o) = ‘-"'%. Al
N f—— % *m—" Ala bt w + State Capitals
oo Ciuded ™ L - ; = Cities 500,000+
: 5 | ‘1 m é * Cifies 100000450 550
— I il )
- \I. mh““‘ m Biaton Rmm v m Jﬂj — rr::nn; Bourdaries
Russia M i ; Bida " btz
R lns b | R Jri— hyst Housto m-/ﬂ' < W tayetts bt Chricans A
. \ e f . gan Ant-cnmpl - S Tal Rioads and Bridges
i wl AELNIS D Iﬂh‘m ngh'\l“j'ﬂ
i i LS. Highwa
| x rmKaual 1}Rlcl;Ira'!:-' @ e
VEanada : N
. nharly Cahu Mok bl '
Arveriora gl |__ Hnmlulu* |L=l'Ed€l Eﬂpﬂ.l:ﬂhhh inilf of M Bahama
™ Lanai Mau lopmraai i ot Lauderdale
Junead I i c‘@' i Islands
Paeific| .\.”GJ““'“ ‘tgmnm 7 Massau
1] 500 Milns 100 Miss Haviai adalupe 2 =0 Mies =00 Miles o
gL ffrc Qeegn 0 S00Km o100 KM o 250 EM S0 M




Photovoltaic —to get 1 CMO

#* Quite expensive to get electricity
#* Not bad for hot water

# Average 80 kW-hr/m?2 of power per
year

# 1.8 x 10-12 CMO per m?

# Need over 200,000 square miles of
photovoltaics to get 1 CMO!
» A square 450 miles by 450 miles



ﬁ%lncun.ilmr
\ﬁl:lnl'ia u’ —

xa "l'l-mllllu.,l.lm e

Seattie /Bollove ) S
Gly'mpdar*_m & Spakane, '
JT 3 —e
- 510,
F'Drtfand} el o
/ -‘“"x_-m,g J]

Fsalem

1
‘Eugene

I_;" o L Idatho

.

‘\

| 3 T e X Cmawa*
| \ : + | | ! - 1 | A
K Uregon 3 mj o] l ; . m.. y

TCalgary

{ C anada / .
— Heglm Wlnniﬁe% ot § I___'._z “
m ~————— . 3

! L.-_‘--"'-"‘----—a:--1-1-.-
1

\ . g N 5 § Quebecy {Frede nn
- iy == | . ! s -
. North Pakots i P ™ ¥ g i
ha - - 2T
len Mlamlmnn l| = : :
] .

!:J — I' i 1 ¥ - - * “ﬂIIH
T, m - e T _m_ —‘—v"r\ Minmesols ; i . MUI‘I‘h’G\E}
e, \

Bismarck

- e : Mgush
L Wiscoman ke [ 2
L '\ Baise } Seuth Dakita | K‘ . Saint Paul ‘\u una.nlm:-
1'. S } antan
{
: Uhit
Santa ‘;3 e -
Rbﬂ. |l\ N -
Walldjg Sacrd mbuas
San and fjwiin___| )
Fran-g " =Modej 3 D':L# i mnu
[0 Sa|:| JDSEI B ?__”éplrclrmll m
Badings—F _ 4
' o S " hra st
b California m - ) mcingian Virg " {I'EIIIHI ngrum-"""ﬂ""“ Baach
h Las Vepas Kentucks, ™ m@
"-‘Balocr:inu Hendemson s .q: = UWE"-Si“;?, = :bom
. [ 2 ri M )
Crrards — -\_m" T _\_..\nmﬂa r U!'[l\l_ﬂp e — zhaﬂ i alelghi Maowrth Carolina
Lﬂﬁﬁngﬂl 30 Bomardn [ - _ E}— > o BIPR LLi d
Lang Be M{i 1 AluguaT A 'I'uupm Qr‘-(smanwga I 2 )
Cmgrashy et ) 7 prmphis X

San Die Bl
|juu'g1 b—L.--lu Phunm

1) g A South Carolina
oo Mexlcal i Emmlun}f‘ o _%Ella_nta .ﬁ.ugﬁ\'
Paci M Tu:m ] ,,J.,,,r.r., - [ LEGEND
ean ‘,‘\ m\._, mx - 2 ﬂm@um:—m ;,53 .
! oy Jr—— g *m—" R LR m ranns + State Capitals
——= Ciudad * i - ; * Cities 500,000+
| é * Cifes 100000559 560
i ) g )
\. - @--J““‘ @\ Hm}m m Jﬁ:hlb === National Boursdarios
Russia Mexicols At Beau O Bmmtﬁ_ HD- i
Taske | e gan Antoniy KDY g gt chizans e
.i .‘“l_ ’-' % PEEdand | o s Lﬂrﬁﬁ:‘l?rmw

| i U.s. thm?-: 5
| x rmKaual |=dra‘$ @
VEanada : ,

. nharly Cahu Mok bl '
Arctiormy Y Honoluld’ 'L“*‘ orpus Chvst wlf of B .
"\".-n Lanai [LET] SR M \ Fort Laudardals Bahama
Junead I i c‘@' Bieel i & Islands
Pacific|Oera .\.”GJ““'“ ‘tgmnm y Massau
a 80 Milns E 10 Wi Haviai adalupe ? : 20 Milss : 500 Miles i
gL e Goegn o S00Km 000K o 250 KM 0 KM




This analysis was for 1 CMO by 2050!
The world may need 2-7!

We have an enormous task ahead of
is. ..

What about fossil fuel options?



Coal-togetto1 CMO

#* |[PP plant near Delta, UT
» Two 975 MW facilities
» Each burns ~1 million pounds/hr of coal

» All converted to DC power and shipped to
the LA basin, then reconverted to AC

et 1 power

S Assume 36% efficiency, 97% uptime

#* 16.6 million MW-hrs of power per year
» .00103 CMOlyr

#* Need 968 such facilities by 2050 to get
1 CMOQO!

» 19 plants per year for 50 years, or
» 1.6 plants per month




This is why we use fossil energy!

# Most projections show that the percentage of fossil fuel
use will stay relatively constant
» We still have to build a lot of facilities!
» Rapid building in China
» Construction prices have risen 25-30%
#* Increased renewables will keep pace with increased
energy use and only increase slightly as a percentage of
the overall energy use



What Should Be Done?

#* Define goals
» Cost?
» Environment?
» National security?
» Reduce dependence on unstable/unfriendly countries?
# Continue expanding renewable energy using economic judgment
» How much extra are people willing to pay for fossil fuel alternatives?
#* Make fossil fuel use as clean and efficient as possible
» Rise in natural gas costs -- home heating costs rise
» Options for cleaner coal — IGCC, oxyfiring, CO, sequestration
» Alternate liquid fuels — biodiesel, (ethanol), coal-to-liquids, biomass-to-
liquids
#* Nuclear
» Projected fuel shortage in ~30 years without breeder technology

» Wastes from breeder technology much smaller
» handling large quantities of plutonium is a potential terrorist threat



What Else Should We Do?

# Don’t make rash statements or decisions, such as:
» Eliminate dependence on foreign oil
» Stop using fossil fuel
» Require 50% of motor fuel from renewable sources
» Require H, as a fuel for a specified fraction of energy

# Continue to search for economical renewable energy

» Criteria for use of renewables
+ Must be economic without subsidies
» Must not increase use of fossil fuels
» Should not increase prices of other sectors (like food)
+ Must not create additional environmental problems
e Depleted forest area
e Oxygen-starved area in Gulf of Mexico at mouth of Mississippi River

# |Increase use of unconventional oil
» QOil sands, oil shale, heavy oll
» Coal conversion to liquid fuels



