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EROI of Global
Energy Resources

D F I D 5 9 7 I 7 Status, Trends and Social Implications

* review current/historical EROI
for fossil fuels and their
alternatives

* examine relationship between
energy indices and human
well-being

* provide insight in formulating
development strategies in an
uncertain energy future o
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IMPORTED PETROLEUM

The Unitedd States relies on two sources for the pe-
trolcum thet provides bout 20 of its caengy sup-
olies: domesiic recources and imports, Domestic
consumplion of peiroleum Fas incressed more rap-
Wiy thaon production in receal decal=s, and i his dif
ference Fos been mede up by increasing impots.
Since 1348 the firs1 pear ‘n which the United States
was & net impocter of oil, the percentage. of 1021 ol)
comsumption cbained frem forcign sowrces ic-
creaied 10 rearly 38 percent in 1977 (Figure 8,10,
Sinze thzn it s droppen] s the demanc for ol has
d:minisnec,

As describzd in Chapler 7, anrua! domesic peo-
ductinn ol kath ofl sed gas gensrally has diminished
since the carly 1970, ad very larps alditions n
dometic reserves are unbikely. Furthermore, if
tends of the pust 30 yeurs continue, the erergy
dizcovered by cxploratery duilking will approach the
enzrgy wsed Lo find and extract the petroleum found
wAlhin the next several decades, so thal even if do
mestic pelivleum continezs 1o be found, it may sot
ferve as a rel fuel for the naticn. Consequently, it
poegrs unlikely that domestic production ol il emd
pas en be imcrewsed 1o replace impored petroleam,
cspecially f demand for of again invicases.

A mumbar of polilivinns ond cconams!s have ad-
vised the ‘edzral government to reduce dependance
on imports by intensifying effiuts 1o i new do.
rgstic psiroleum supplies and by developing
domestic alernatives, mcluding nuclear power,
wual-denivex] synfusls il shale, zlkcohol fuels, and
sclar-sowercd satcdliles (see Chapleas 10-13). Ye!
dasplie the kwrpe economic end pohlical costs of
relying oo fureign o, federal programs aimed a1
recucing that dependance, and & decrcased deman
tor pelrodeum smes 1979, iwported ol stll 2¢-
counted for gboat 35% of the ligux! petroleum cor,
sumex] by the Urit=d States im 1983

In addilon to limitations :mpescd by its ongins
In polisieally uastabla'’ regions and #t: hgh dolkar
axl eneagy vosl, impaned peiro'enm s @ Foite non.

resewadle rescares, Its supply can be amalyred
using the same distributional raits wsed by Hubbert
and other petroleun analysis tn extimate 1he size of
domaslic petroleum resources and the rate at which
1hey are discovered and produced, Simce the rigor-
ous smd dangeroas conditions involved in transport-
mg noturcl ges severely hmat the guaatity the
Upited Sumec can import we restnct our asalysis to
vil alom=. Mot of the information in the following
section was taken from Neheing (1982), and the in-
terested reader should consull that paper for further
detls.

WORLD OIL SUPPLIES

The mos! important feature relatiog o extimaling
the size of world oil deposits is thesr concentration
n & few, relatively small peographical areas called
arovinees. As described in Chapter 7, wil forms oaly
uncer special geclogical conditions, so o ficlds arc
foand ooly in provieces thar comain porticular
scdimentary formations. Appeotiswicly 600 such
provinces exiet, ol which about 420 have been ex-
plared. Two hundred and forty of these 420 regions
contain wl, and most of th: remaining 130 also Indi-
cale such pessibilitics.

Bux the karge number of provinces with od fickds
dos ol sutorstically indicate significam quan.
titics of oil coataince there. Such a conclsion prob-
ably 13 false because most of the world's cil is found
in 2 few provinces with sxtremely karge reserves. Of
the 420 provimces Uit cointain oil, only seven con.
tsin more than 25 billon bbl, which is about oac
year's world ol contumption 3t sie peak m 1980
(Tablc 8.1). Tugether, these seven provinees con-
it over two-thirds of known world il supplies.
The largest of these proviaces, the Arabian—
vk, contains mearly half of world oil supplies.
Summing the known il deposits im the 1R mujor
provinces ltad in Table 8.! indicatcs the special-

Hall et al. 1986

that fuel. For imported oil or gas Kaufmann and
Hall (1981) used the following equation:

CE;

EROI EE.

fi

(kcal imported fuel/$ imported fuel)
(kcal embodied in exports/$ exports) (8-1)

keal imported
kcal exported

in which CE; is the chemical energy in an average
dollar’s worth of imported fuel and EE. is the em-
bodied energy in an average dollar’s worth of ex-
port, assuming that the mix of commodities ex-
changed for fuel, or for the foreign exchange used to
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e.g. USA = EROlsoc 32.06

Ny Eyy 12 Eyz +MnEyn i i .
EROI.y. = N1Ep1+N2Eps +1nEpn Variables Meaning Unit
Energy intensity of the economy Er Total Energy Consumed by Society M]
GDP Gross Domestic Product USD
U SA Eu Energy per Unit of Fuel M]J
Et = 90643 Petajoules Ep Price per Unit of Fuel USD
GDP = 13898.3 Billion USD Ratio of net Energy Contributio
= atio of net Ener ntribution n.a.
Coal - 21% N.Gas - 25%
Et = 904,896 Thousand mTons Et = 22,910 Billion Cubic Feet
Ep = $46.99 per mTons Ep = $4.19 per Thousand Cubic Feet
Eu = 22,930 M] per mTons Eu = 1079 MJ per Thousand Cubic Feet

Oil - 38% Alternate and Nuclear - 12%
Et = 18,771 Thousand BBL per day . = | 97E+7

Ep = $59.04 per BBL Ep = $0.10 per kWh
Eu = 5,455 M] per BBL Eu = 3.6 M per kWh
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EROIlsocvs HDI
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ENERGY AVAILABILITY & HDI

EROIlsocvs HDI
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Figure 4.10: Regression of Human Development Index with (a) energy use per capita, (b) EROIsoc and
(c) LEI values for LICs (Lambert et al. 2013). |
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vs Gll over Time
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EROI AND THE DEVELOPED WORLD

Societal EROI



ROIAND TH

L O

CH;

'
.

°ING WORL

v

'

'
N
Al

'

'

:AEROIsoc

Societal EROI




ROIAND TH

55

L O

'
| -

°ING WORL

v I

: AEROlsoc

'

'

'
Al

'

'

Societal EROI







1.00

*®
o %o .o ° ¢ s * .
PS L
% R7=10.4859
025 —esy
.
L 4
0.00
0 100 200 300 400
(a) ,
GJ per Capita
1.0¢
o o
. 2N ** 3 ¢ .
3K 4
s —
T . R? = 0.5541
. 0 10 20 30 40 50 60 70
()
EROI
@
T
0.00 0.75
(c) -
LEI
LIC net energy importers ® LIC net energy exporters @ non-LIC nations examined

Figure 4.10: Regression of Human Development Index with (a) energy use per capita, (b) EROIsoc and
(c) LEI values for LICs (Lambert et al. 2013). 37
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Table 4.2: Summary of energy availability indicators for net energy importing LIC nations (2009).

Country Energzplthie PEtl EROIsoc Gini-Index LEI H D I

Bangladesh 8|9:1 31 0.08

Benin 17|5:1 39 0.09 0.282
Cambodia 1551 44 0.09

Ethiopia 16/2:1 30 0.05 0.216
Haiti 11)6:1 60 0.06

Kenya 20(4:1 48 0.08

Kyrgyzstan 23|5:1 33 0.12 0.508
Nepal 1414:1 47 0.06

Tajikistan 14|7:1 34 0.10 0.469
Tanzania minus Zanzibar 19/3:1 n.a. n.a.

Togo 19|31 34 0.07

Mean 16|5:1 40 0.08

Median 16|5:1 37 0.08

Standard Deviation 4 2 10 0.02

Table 4.3: Summary of energy availability indicators for the net energy exporting LIC nation (2009).

Energy Use per

Country Capita

EROIsoc ‘ Gini-Index ‘ LEI

Mozambique ‘ 18 ‘ 3:1 ‘ 46 ‘ 0.05
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Energy /EROI makes the Difference

Precent of non-Fossil Fuel Use to Total Energy Use
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* they have lower population density
* lower population growth rates
* high EROI domestic energy
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Questions and Comments
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