~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Karl, Hans-Dieter

Article

Estimation of Production Costs for Energy Resources

CESifo Forum

Provided in Cooperation with:
Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Karl, Hans-Dieter (2010) : Estimation of Production Costs for Energy Resources,
CESifo Forum, ISSN 2190-717X, ifo Institut fir Wirtschaftsforschung an der Universitat Miinchen,
Minchen, Vol. 11, Iss. 4, pp. 63-71

This Version is available at:
https://hdl.handle.net/10419/166416

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/166416
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

ESTIMATION OF PRODUCTION
CoSTS FOR ENERGY RESOURCES

HANS-DIETER KARL*

Introduction

The use of fossil fuels largely depends on the costs of
making these fuels available. Among these costs, the
production expenses, which are influenced by numer-
ous factors, are of prime importance. The aim of this
study is to determine the unit costs of production
from the currently used deposits and to estimate the
unit costs of production from deposits that will be
tapped in future. An exact definition of production
costs is exceedingly difficult to make. Therefore, the
average production costs for mineral oil, natural gas
and black coal determined in this study must be seen
as approximations of reality. For the determination of
the production costs of currently used deposits and
for the estimates of the costs of future deposits,
recourse is made primarily to existing studies and esti-
mates in the literature.

Energy production costs of great importance

In the present and future use of fossil energy sources,
the costs of making them available play a key role,
among which the production costs, which are influ-
enced by numerous determinants, are crucial. In addi-
tion to the geological, technical and economic factors,
the political conditions of extraction are also of
major importance. This study seeks to determine the
unit costs of production at currently used deposits
and to estimate the unit costs of production from
deposits that will be tapped in future. An exact defin-
ition of production costs is very difficult for several
reasons. Since the production costs are an important
competitive factor for individual enterprises, they are
usually not made public. In addition the costs are
highly dependent on the factors of the individual
deposits such as their location and size, and can there-
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fore differ greatly. Finally, during extraction of the
raw materials additional, unanticipated expenditures
such as strikes, storms or subsequently imposed regu-
lations may occur so that the actual production costs
can often only be precisely determined after the fact.

In the following the production costs for the domi-
nant fossil energy sources — mineral oil, natural gas
and black coal — will be identified. These costs include
the costs for the extraction of the energy resources, i.e.
for the operation of the extraction facilities (especial-
ly wage and intermediate material costs) and the cap-
ital costs allocated to the service life of the facility,
which result from the expenditures for the exploration
and the construction of the facilities for the extraction
of the energy sources from the site of the deposits.
Included in these capital costs are also the expendi-
tures that accrue in the course of the depletion of the
raw materials in order to counter the gradual decline
in the production output and to be able to keep
extraction at a high level. This applies especially to oil
and gas deposits, for example, by the application of
secondary and tertiary procedures to increase the
degree of exploitation.

Not included are the so-called user costs, i.e. the costs
from the loss in value of the remainder of the in-situ
resources that arise as a result of the extraction of the
resource itself, as well as the royalties that precisely
reflect these users costs if the extracted resources are
not the sole property of the extracting company.

For the determination of the production costs of the
currently used deposits, recourse is made to several
currently available studies and estimates in the litera-
ture, where the production costs are given in the form
of unit costs. The information available in the litera-
ture for various years is converted uniformly to a price
basis of 2009. The estimation of the unit costs of
deposits exploited in the future is also carried out by
means of the information in the literature and on the
basis of forecasts of the requirements for the individ-
ual energy sources in the coming decades as well as by
using estimates of the probable development of
investments for accessing new deposits or for the con-
tinuation of production.
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Mineral oil: the dominant energy source

Mineral oil continues to be the most important
energy source worldwide. It clearly stands in first
place in terms of both consumption and traded vol-
umes. The high trading volume of mineral oil is
attributable mainly to the fact that the worldwide
concentrations of consumption and the areas with
the highest crude oil production, which frequently
have a high export potential, are at a comparably
far distance from each other. Furthermore, the
most important exporting countries are also those
with the most extensive conventional oil reserves.
At the end of 2008 the worldwide reserves amount-
ed to ca. 182 billion toe (tonnes of oil equivalent).
With an annual consumption of currently ca.
3.9 billion toe, a static range of 46 years of oil
reserves can be calculated. Of total reserves,
101 billion toe are concentrated in the Middle East,
and the annual consumption of these countries in
2008 amounted to 0.3 billion toe (ExxonMobil
2009). The leading position of mineral oil is based
on its specific advantages, especially its broad
application spectrum as well as its favourable trans-
portation and storage. Because of its overriding
importance, mineral oil is a strategic raw material.
Most analyses and forecasts of developments on
the world energy markets conclude that demand for
mineral oil will continue to increase also in the
coming years. However, smaller growth than only a
few years ago is expected, for example by the
International Energy Agency (IEA), because of the
increasing difficulties in accessing deposits and the
associated high costs.

The great number of analyses and forecasts are
understandable in light of the extraordinary impor-
tance of mineral oil. However, the great majority of
studies deal with questions of available quantities,
of the technical possibilities of extraction, price
developments and the political implications of
greater oil consumption when faced with the insecu-
rities of the supply. Studies of the costs of explo-
ration, accessing and extracting crude oil are con-
siderably less numerous. There are objective reasons
for this, especially the geological differences and the
size of the individual deposits as well as the differ-
ent technical efforts for oil extraction. In addition,
companies often treat their data on the costs of oil
production confidentially. Under these circum-
stances, the published numbers on production costs
are usually estimates of the respective authors.
Nevertheless, these estimates are probably fairly
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accurate. Because of the considerable differences
between the oil fields, however, the production costs
cover a fairly wide range. This is also a result of the
strong increase in the price of oil in recent years that
made it possible to extract oil from sites with com-
paratively high extraction costs. In the following,
the present and expected future production costs are
presented as a whole as well as their two compo-
nents: capital costs and operating costs. The focus
will be particularly on the presentation of average
values.

A recent study was conducted by Deutsche Bank
(Deutsche Bank 2009), containing estimates of cur-
rent production costs (OPEX) for 90 percent of world
oil production without capital costs, royalties and
exploration costs for 2009. For the large oil fields,
which account for ca. 70 percent of worldwide pro-
duction, these average costs stand at 6.20 US dol-
lars/bbl (bbl = barrel; 1 bbl = 159 litres). The range of
these costs extends from 1 US dollar/bbl in the
Arabian Gulf states to about 26 US dollars/bbl crude
in the Canadian oil sands, the latter not being of
much importance in current production volume. The
direct production costs of the smaller fields — about a
sixth of worldwide production — amount to 8.30 US
dollars/bbl, on average. The production costs for all
the fields examined in the study, which determine the
development of the worldwide oil market, average
6.60 US dollars/bbl.!

For 2007, the Deutsche Bank study shows in addition
the total costs of oil production (technical costs).
These costs are derived from information — also with-
out royalties or user costs — of large mineral oil com-
panies and display a considerable range. On average,
these total costs without taxes amounted to 15.20 US
dollars/bbl; they contain the direct production costs
(share: approximately 39 percent), the capital costs
(about 47 percent) as well as the costs for exploration
(14 percent). Total costs increased in the last five years
by an annual average of 14 percent. Since for the esti-
mate of these production costs only the data of the
mineral oil companies were used, the calculation does
not include the corresponding data of the national oil
companies, which are of great importance for the oil
market and determine, for example, the supply of the
OPEC countries. It is, however, to be assumed that
many of these national providers are able to produce
at relatively low capital and exploration costs. For this
reason it can be presumed that global average produc-

' The average is calculated by weighting the production costs with the
respective shares of the production volume.




tion costs for 2007 were below the 15.20 US dol-
lars/bbl mentioned above.

For comparison reference is made to a study by
Dresdner Kleinwort (2006), in which also the oil pro-
duction costs of large oil companies are listed for
2005. Average production costs of these companies of
10.5 US dollars/bbl can be derived from a graph in
this study; for 2007, with the above-mentioned yearly
rate of increase, production costs of 13.5 US dol-
lars/bbl result. According to the estimates of
Dresdner Kleinwort (2006), the average production
costs of the Russian companies examined in the study
were less than half as high. These estimates are an
indication of the oft-times favourable production con-
ditions of national oil companies.

Informed by these studies, we turn to another approach
to estimating current oil production costs. The study by
Aguilera et al. (2009) calculates total production costs in
US dollar prices of 2006 for crude oil extracted in the
future. In this approach, which is based on a study by the
United States Geological Survey in 2000, the expected
costs for all relevant oil producing areas are given, and
for most of the deposits total production costs are divid-
ed into (average) capital and operating costs. An
amount-weighted assessment of these total costs showed
that 56 percent of the total costs are accounted for by the
operating costs. Taking this percentage as approximately
valid also for current production, then global operating
costs — as listed in the study of Deutsche Bank (2009) —
of 6.6 US dollars/bbl result in total production costs of
11.8 US dollars/bbl; this corresponds to a share of the
world market price for crude oil in the fourth quarter of
2009 of approximately 16 percent. This value for total oil
production costs is comparably close to the result found
in the study of Jojahrt (2008), in which for 2006 an aver-
age value of 9 US dollars/bbl was indicated (2009:
almost 11 US dollars/bbl) in a range of between 3.38 and
20.79 US dollars/bbl. The production costs estimated by
Remme, Blesl and Fahl (2007) are at about the same
level; a weighted average of ca. 8.8 US dollars/bbl in
prices of 2000 can be derived from the data of this study.
This corresponds to production costs for 2009 of nearly
11 US dollars/bbl crude oil. Altogether, average produc-
tion costs are currently approximately 11 to 12 US dol-
lars/bbl for crude oil.

Rise in oil production costs expected

For estimating the unit costs of crude oil production
from future deposits, there are different possibilities.
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On the one hand, the study of Aguilera ef al. (2009)
can be used directly, in which the oil still available in
the future and the additional accessible reserves are
indicated at a total of 3.561 trillion bbl; this corre-
sponds to approximately 486 billion toe and thus
almost 2.7 times the reserves that were listed by
ExxonMobil (2009) for the end of 2008. These total
reserves are comprised of the 2.713 trillion bbl from
the amounts derived from the United States
Geological Survey and 848 billion bbl from addi-
tional fields. For the production of the quantities
found in the United States Geological Survey, aver-
age costs are calculated at 6 US dollars/bbl in 2006
prices; the range of these costs extends from 1.08 US
dollars/bbl for deposits in the Arabian Gulf states to
15.27 US dollars/bbl for on- and offshore oil from
Kazakhstan. The costs for the additional oil produc-
tion quantities average 18.9 US dollars/bbl with a
range of between 15.41 US dollars/bbl in Europe
and 26.72 US dollars/bbl in Sub-Saharan Africa and
in Antarctica.

For the total amounts of oil under consideration,
average production costs at 2006 prices can be calcu-
lated amounting to approximately 9.1 US dollars/bbl.
At annual price increases of 14 percent, as listed by
Deutsche Bank (2009) for 2002 to 2007, nominal aver-
age production costs for 2007 are 10.4 US dollars/bbl.
Since the cost increases have slowed down consider-
ably, production costs for 2009 are estimated to total
11 US dollars/bbl. This appears to be comparably lit-
tle in light of the above estimated production costs at
deposits used today of 11.8 US dollars/bbl, and can
only be explained by the fact that the production costs
listed by Aguilera et al. (2009) are to be understood as
static; they include neither the technical progress that
leads to a reduction of costs over time nor do they
take cost increases, as witnessed particularly between
2006 and 2008 into consideration, since they are
regarded to a considerable extent as cyclical.

In the study by Remme, Blesl and Fahl (2007) average
weighted production costs of between 8.6 and
22.9 US dollars/bbl in prices of 2000 — or an average
of 15.8 US dollars/bbl — are calculated for oil deposits
to be tapped in the future; in prices of 2009 this
amounts to 20 US dollars/bbl. Within this range of
production costs lie the costs for the extraction from
oil sands and heavy oil deposits. The production costs
for the extraction of the oil resources, however, are
somewhat below the production costs of enhanced oil
recovery (EOR) of known deposits. Extraction from
oil shale is by far the most expensive.
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In addition there is also the possibility of estimating
the unit costs of deposits to be tapped in future by
means of the 2008 projections of the IEA.2 These pro-
jections see the worldwide supply increasing from
84.3 mb/d (million barrels a day) in 2007 to 94.4 mb/d
in 2015 and 106.4 mb/d in 2030. Via the upstream
investments in this period, however, not only the
increasing oil requirement must be satisfied but also
offset with the natural decline in production of the
presently exploited deposits. The IEA assumes a
decline in production of present oil wells of an aver-
age of 6.7 percent per annum; this rate will increase in
the coming years and, according to the estimates of
the IEA, will amount to ca. 10.5 percent per annum in
2030. This means that, on the one hand, because of
the decline in production of present deposits, oil wells
producing 64 mb/d must be tapped by 2030 and, on
the other hand, because of the increase in the rate of
decline, the production capacity must be raised by an
additional 23 mb/d. With an increase in the supply of
ca. 22.1 mb/d, production capacities must be in-
creased by ca. 110 mb/d by 2030. For this, the IEA
estimates necessary investments of 5.036 trillion US
dollars in 2007 prices; this breaks down to 4.604 tril-
lion US dollars for conventional oil and 432 billion
US dollars for non-conventional oil.

Thus, in this period, 45,780 US dollars (2007) will be
invested, on average, for the creation of an addition-
al production capacity of 1 b/d. Under the assump-
tion of a typical service life of 25 years for an oil
field (see International Energy Agency 2010), invest-
ments of 5 US dollars/bbl can be calculated. There
are, however, considerable differences depending on
the deposits: in the Middle East investments, accord-
ing to IEA information, amount to ca. 12,000 US
dollars/b/d; converted to the total amount of crude
oil produced, this corresponds to ca. 1.3 US dol-
lars/bbl. For oil extraction in the Gulf of Mexico,
30,000 US dollars/b/d (3.3 US dollars/bbl) must be
calculated, in the North Sea 40,000 US dollars/b/d
(4.4 US dollars/bbl) and for the oil sands approxi-
mately 70,000 US dollars/b/d (7.7 US dollars/bbl).
As a comparison, reference is made to recent esti-
mates by OPEC (2009), according to which invest-
ments for the development of additional production
capacity of 1 b/d are much lower. For the period of
2010 to 2030, average investment costs of ca. 20,000
US dollars/b/d in 2008 prices are listed, whereby the
lowest are in the OPEC countries at 12,000 US dol-

2 Because of the recent recession, demand for oil will be lower than
estimated in the report at the end of 2008. Current development is
taken into account in the IEA report of 2009.

lars/b/d and the highest required investments are in
Western Europe at ca. 26,000 US dollars/b/d.

The 5 US dollars/bbl calculated on the basis of the
IEA figures stand for the linear write-offs on the
investments; the interest that accrues in addition
during the life span of the projects is determined via
the annual annuities. For this, starting from the total
investment costs up to 2030 amounting to 5.036 tril-
lion US dollars, capital costs for the produced
amount of approximately 9.8 US dollars/bbl? are cal-
culated at an interest rate of 6 percent.* Since the
price level for upstream investments from 2007 to
2008 only increased by 1.5 percent, it is assumed that
the price increase between 2007 and 2009 was
approximately 3 percent, so that the capital costs in
2009 should amount to 10.1 US dollars/bbl.
Together with the average operating costs of 6.6 US
dollars/bbl, total average production costs in 2009
prices were 16.7 US dollars/bbl.

The following production costs — in each case in 2009
prices — are calculated using this method for deposits
opened up in the future in selected regions:

— Middle East: 4.1 US dollars/bbl,

— Gulf of Mexico: 11.7 US dollars/bbl,

— North Sea: 20.3 US dollars/bbl,

— Canadian oil sands: 41.2 US dollars/bbl.

With the current projections of the IEA in the World
Energy Outlook 2009 there is a slight modification of
the results. Because of the global financial market cri-
sis, worldwide economic growth and with it also ener-
gy demand will be lower than initially predicted. The
entire supply of oil in 2015, according to the current
IEA estimate, will only increase to 88.4 mb/d — 6 mb/d
less than in the estimate of 2008. In 2030, the supply
of oil will be 105.2 mb/d, only 1.2 mb/d less than the
earlier forecast. With this oil production costs will
also tend to be lower since the capital productivity will
be higher because of the higher share of oil extracted
at lower expense. Hence, a production capacity of ca.
105 mb/d is to be attained by 2030 and investments

3 These capital costs can only be given approximately because the
underlying annuity refers to a time period, whereas actual oil pro-
duction has a different chronological structure. Oil production over
time generally follows an asymmetrical bell curve, with much of the
activity occurring at the beginning of extraction. By placing capital
costs in relationship to the extracted amount, it is assumed that the
oil production is constant each year in the period examined and that
no further investments are necessary in this period.

4 The interest rate of 6 percent results from the long-term real capi-
tal market interest rate of approximately 4 percent, as calculated for
Germany (Bundesbank 2001), and a risk premium as is derived in
the Goldman Sachs (2008) study from the average of the total risk,
comprised of the technical and the political risk.




are likely to be around 8 percent lower. For a produc-
tion capacity of 1 mb/d, on average approximately
44,000 US dollars are to be invested; this is on the
basis of a total volume of crude oil production of
4.8 US dollars/bbl. The capital costs that accrue for
the amounts produced are 9.4 US dollars/bbl in 2007
prices. This corresponds to ca. 9.7 US dollars/bbl in
2009 and, together with average operating costs of
6.6 US dollars/bbl, leads to total average production
costs of 16.3 US dollars/bbl. It is implicitly assumed
here, however, that not least due to technological
progress in oil extraction no strong increase in extrac-
tion costs will occur, as was observed in the years up
to 2008.

In addition to the average oil production costs, con-
sideration must also be given to the marginal
deposits (e.g. oil sands, deep sea deposits), which are
of key importance for pricing in the oil market. An
impression of these marginal deposits can be gained
from the reports of the major US oil and gas pro-
ducers to the Energy Information Agency (2009) on
their own production costs. For the period 2006 to
2008 they indicated that their average worldwide
production costs (2008 prices) were approximately
34 US dollars/bbl.

The results of the research and considerations of aver-
age oil production costs as well as the shares of oil
production costs in the average prices in recent years
are given in Table 1. Future production costs refer in
particular to the period up to 2030. In light of the

Table 1

Production costs for crude oil and share of production costs

in oil prices (in 2009 prices)

averages listed in Table 1, it must not be overlooked
that oil production costs vary considerably depending
on the different deposits. Current production costs as
a share of average oil prices for 2005 to 2009 lie
between 3 percent and 67 percent.

Natural gas production influenced by the oil market
and transport costs

The use of natural gas has expanding strongly world-
wide in recent decades, and according to IEA esti-
mates demand will continue to grow also in the com-
ing decades. Natural gas is used predominantly for
heating; its use as a fuel for transport is still of limit-
ed importance worldwide. The main reasons for the
increasing use of natural gas are its favourable com-
bustion qualities, its versatility and its better environ-
mental compatibility in comparison with other com-
bustibles. The extraction of natural gas is closely con-
nected to mineral oil production, and often it is pro-
duced simultaneously. For this reason extensive
analogies to mineral oil exist with regard to produc-
tion conditions and production costs. However, there
are far fewer studies available on the production costs
for natural gas.

For the estimation of the production costs for natural
gas from currently used deposits, the study by
Remme, Blesl and Fahl (2007) can be used. According
to this study, the cost of natural gas extraction (in US
dollar prices of 2000) as a weighted average of all
world areas is between 4 and
5.5 US dollars/boe (barrel oil
equivalent). The mean value
determined by this interval for
natural gas production costs (in

Aguilera RSR:TIC’ Dt prices of 2009) is nearly 6 US dol-
etal. | and Fahl |Jojahrt | Bank/Ifo |IEA/Ifo” lars/boe. In contrast, an IEA
Oil production costs study of 2009 gives the range of
OfCUT?thlY used costs for natural gas production
deposits in USD/bbl 11.0 11.0 11.8 . .
: : from conventional deposits; the
Oil production costs .
of future deposits in 167 range is between 2.7 and 32.5 US
USD/bbl 11.0 20.0 (16.3) dollars/boe. Since it can be
Percentgge of ) assumed that there is a tendency
productlop costs é? to use the better gas sources
the total oil price™ of] . )
current deposits 16.0 16.0 172 intensively first, for 2009 produc-
Percentage of tion costs of between 5 and
production COStSé? 10 US dollars/boe are assumed;
the total oil price 243 i :
th d up to 2030 ¢ t
of future deposits 160 | 291 23.7) or the period up to a cos
Y JEA (2008) in brackets IEA (2009). — 2 Average prices from 2005 to range of 8 to 20 US dollars/boe
2009. seems realistic. Here it must be

Source: Listed studies; Ifo Institute.

pointed out, however, that the
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transport costs for gas comprise up to 80 percent of
total costs of producing gas. For this reason it is plau-
sible to assume that a gas source that is cheaply acces-
sible but far from the markets will only be tapped
after an expensive field that is closer to the markets, if
prices are high.

For the determination of future production costs for
natural gas, recourse can also be made to the num-
bers of Remme, Blesl and Fahl (2007) and of
Aguilera et al. (2009), and again, as with crude oil,
to our own calculations made on the basis of the
IEA reports of 2008 and 2009. In the course of the
increasing depletion of the deposits classified as
reserves, the extraction of natural gas from known
resources takes on increasing importance. The costs
of the natural gas production from these deposits
are comparably low compared with the extraction
from more remote and difficult to access deposits.
The average production costs given by Remme, Blesl
and Fahl (2007) in US dollar prices of 2000 are
between 8.9 and 13 US dollars/boe. In 2009 prices,
average production costs for natural gas stood at
about 13.7 US dollars/boe.

In addition, according to Remme, Blesl and Fahl
(2007), for natural gas production even further in the
future, technologies and sources that are combined
with considerably higher costs will be likely. Among
these, ranked according to ascending costs, are the
increased exploitation of known deposits (EGR —
enhanced gas recovery), the extraction of gas from
coal, tight gas (gas in rock strata), aquifer gas or gas
hydrates. The costs of the natural gas extraction from
gas hydrates is at the upper limit and lies between
55 and 100 US dollars/boe (in 2000 prices); this corre-
sponds to a price range (in 2009 prices) of about 70 to
125 US dollars/boe.

The estimates of natural gas production costs by
Aguilera et al. (2009) are much lower; for future nat-
ural gas production and the growing reserves they cal-
culate average production costs of 4.8 US dollars/boe
(in 2006 prices) on the basis of amounts estimated by
the United States Geological Survey (2000). For addi-
tional deposits with higher extraction expense they
calculate average production costs of 12.6 US dol-
lars/boe. Thus, for the total amount of gas, produc-
tion costs amount to 6.6 US dollars/boe (in 2006
prices); on the basis of 2009 prices this means costs of
approximately 7.5 US dollars/boe. The gas quantities
accessible at these costs are, as for crude oil, consider-
ably higher than in other available estimates. Aguilera

et al. (2009) use a gas production volume of 3,375 bil-
lion boe, which is three times the reserves of 1,115 bil-
lion boe that ExxonMobil (2009) indicated.

As was done for crude oil, we estimate the unit costs
of deposits to be accessed in future by means of the
2008 IEA projections. Accordingly, worldwide natur-
al gas production will increase from 2,959.3 in 2006 to
3,512 billion m3 (2015) and 4,434 billion m3 in 2030.
With the upstream investments in this period, com-
pensation must be made not only for the growing
demand for gas but also for the natural production
declines of currently exploited deposits. We assume a
decline in the production of present gas wells of 5 per-
cent per annum on average; this rate will increase in
the coming years and will amount to approximately
8 percent per annum in 2030. This means that on the
one hand because of the production declines of pre-
sent extraction sites, gas deposits with an annual out-
put of 2,000 billion m3 to 2030 must be accessed and
on the other hand that because of the rise in the rates
of decline of production capacity, a further increase
of approximately 1,225 billion m? will be needed.
With an increase of the supply of 1,475 billion m3, the
extraction capacities must be expanded by 2030 by ca.
4,800 billion m3 per annum, or converted into oil units
by 30,258 mb/year. The IEA estimates investments of
3,322 billion US dollars will be needed for the period
up to 2030 (2007 prices).

For an additional production capacity by 1 b/d,
40,070 US dollars (2007) must be invested, on average.
Assuming a typical service life of a gas deposit is
25 years, investments are calculated at 4.4 US dol-
lars/boe. There are, however, considerable differences
depending on the deposits: In the OECD countries
investments are estimated to be around 67,500 US dol-
lars/b/d (7.4 US dollars/boe), whereas in the non-
OECD countries only ca. 30,000 US dollars/b/d
(3.1 US dollars/boe) needs to be invested. Assuming
total investment costs of 3,322 billion US dollars and
an interest rate of 6 percent, capital costs with reference
to the extracted amount of 8.6 US dollars/boe result.
In 2009 prices, this means capital costs of ca. 8.9 US
dollars/boe. Together with the average operating costs®
of approximately 4.6 US dollars/bbl, total average pro-
duction costs of 13.5 US dollars/bbl result for 2009.

Here too, using the 2009 IEA projections there is a
small modification of future production costs. Total

5 Here, the average operating costs of Aguilera ez al. (2009) for 2009
were used.




natural gas production, according to current IEA esti-
mates, will only increase to 3,395 billion m3 in 2015 —
117 billion m3 less than in the forecast for 2008. In
2030 gas production at 4,313 billion m? will be 121 bil-
lion m3 below the earlier forecast. Accordingly, also
the gas production costs will tend to be lower since
capital productivity will be higher because of the
higher share of natural gas extractible at a smaller
expense. With this in mind, an annual gas production
capacity of ca. 4,600 billion m3 must be attained,
which in oil units corresponds to approximately
29,000 mb/year, by 2030; investments should be
around 10 percent lower. For achieving a production
capacity of 1 mb/d, ca. 37,700 US dollars must be
invested on average; in terms of the total extracted
amount of natural gas this amounts to investment
costs of 4.1 US dollars/boe. Capital costs calculated
on the basis of the total amount of gas produced
amount to 8.1 US dollars/boe in 2007 prices. This cor-
responds to ca. 9.3 US dollars/boe for 2009 and
together with average operating costs of 4.6 US dol-
lars/boe amounts to total production costs of 12.9 US
dollars/boe. As is the case for oil, there is also a large
range of production costs worldwide for gas; because
of the high share of transport costs and the prevailing
link to oil prices, the marginal sources have a weaker
influence on gas price formation.

The results of the available cost estimates and our
considerations are summed up in Table 2. With refer-
ence to the average costs listed in Table 2, it must be
pointed out that because of the distribution of the

Table 2

Production costs for natural gas and share of production costs

in the gas price (in 2009 prices)

production costs, their share in prices currently fluc-
tuates between 4 percent and 35 percent.

Large black (bituminous) coal reserves dampen cost
increases

According to IEA information, coal’s share of world-
wide primary energy consumption was 26.5 percent,
making it the most important energy source after
mineral oil (34 percent). The importance of the coal
as a source of energy has increased since 1990; its
share in energy consumption grew in this period by
one percentage point. Included in the different sorts
of coal are brown coal and black coal. Whereas
brown coal is primarily used locally because of its
lower energy content, for black coal there is an active
worldwide trade that has continuously expanded in
recent decades. Here, a distinction must be made
between coking coal, which is mainly employed in
steel production, and steam coal, which is used in the
heating market. The by-far largest share in the world-
wide coal market is for steam coal, with a share of
more than three quarters. For this reason we only list
the production costs for steam coal, and only for
those countries that dominate the world coal market.
This country group includes Indonesia, Colombia,
Venezuela, South Africa, China, Australia, the United
States and Russia. Here, it must be noted than in
Europe and the United States, coal is used mainly in
large plants for the production of electricity and heat;
direct final consumption only plays a subordinate
role. For this reason, the high
degree of competition is often
greater in the coal markets than
for oil and gas.

A ]5123?5& A In supply costs found in the liter-
etal Fahl (2009)/Ifo” |[TEA/If0” ature, the haulage costs to the
Natural gas production consumers or to the export ports
costs for current are often included. This is be-
deposits in USD/boe 6.0 7.0 . .
Natural eas production cause haulage is very important
— forg futsre 135 for determining total production
deposits in USD/boe 7.5 13.7 13.0 (12.9) costs or the differences in price
Percentgge of ) for coal. As a result the proximity
f;g?u?;oﬁiizgsfé? i of coal deposits to ports is a con-
curreﬁt depposits 14.1 16.5 siderable site advantage for coal.
Percentage of Here, however, we only take into
production .COE;[S in the consideration the costs that are
tfzttilreg?iigggzs for 176 323 306 (g (l)i) immediately associated with pro-
* Conventional deposits. — * TEA (2008) in brackets IEA (2009). — © Gas duction, that is the costs for capi-
prices from 2005 to 2009. tal, labour, operations and pro-

Source: Listed studies; Ifo Institute.

cessing. These are the costs free at
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the site of deposit, as they have been analysed by
Schulz (1984a and 1984b) for different types of open-
cast and below-surface mining operations.

The average production costs for steam coal from pre-
sent deposits, in prices of 2006/2007, according to
Ritschel and Schiffer (2007) were between 5.5 and
10.3 US dollars/boe, which in prices of 2009 is ca. 6 to
11 US dollars/boe or, on average, ca. 8 US dollars/boe.
The production costs calculated by the IEA (2009) are
of a similar order of magnitude. Adjusted approxi-
mately for the haulage costs contained in these num-
bers, production costs of 7.2 US dollars/boe result;
this number also includes the production costs of
export-relevant mines in China and the United States,
in contrast to Ritschel and Schiffer (2007). Following
Remme, Blesl and Fahl (2007), production costs for
steam coal of 8.5 US dollars/boe for the current pro-
duction can be derived; for future production they
indicate costs of about 13.5 US dollars/boe.

Currently approximately 5.6 Gt coal is produced per
annum at an average cost of about 8 US dollars/boe.
Production costs for additional black coal will
increase to a relatively small extent in the coming
decades (International Energy Agency 2010). The
costs for the development and production of the
first 100 Gt of the global coal reserves amount to
between 5 and 25 US dollars/boe, according to cur-
rent estimates. For the next 500 Gt, production costs
are estimated to fall in a range of 8 to 40 US dol-
lars/boe. During the production of the last 110 Gt

Table 3

Production costs for steam coal and share of production costs

in the coal price (in 2009 prices)

of the known reserves, a strong increase in costs is
likely, the estimates ranging between 13 and 123 US
dollars/boe. These coal reserves together would
enable the present annual output to continue for a
period of more than 120 years. Table 3 shows the
production costs for steam coal from currently used
deposits and for the mined amounts in the period up
to about 2030. In contrast to the average values in
Table 3, the share of production costs of coal in the
average price of steam coal is currently between
28 percent and 61 percent.

That the conditions for an expansion of the world-
wide coal supply are quite favourably can be seen in
the 2009 IEA report. An expansion of coal consump-
tion of around 1.9 percent per annum between 2007
and 2030 would require investments — in prices of
2008 — of 661 billion US dollars. The demand for oil
and gas in these years will increase less strongly, but
will require total investments of 5,919 billion and
5,149 billion US dollars, respectively. Thus it would
not be surprising if the share of coal in the total
worldwide energy supply increased disproportionately
on a long-term basis and if mineral oil and natural
gas is used even more strongly in areas, e.g. fuel for
transport, in which they have comparative advan-
tages. Currently the use of coal is increasing strongly
in Asia, in particular in China. However, the compa-
rably high carbon dioxide emissions connected with
coal argue against the increasing use of this source of
energy. Since carbon dioxide is regarded as the prima-
ry cause of the worldwide climate change, the increas-
ing used of coal can only be re-
garded as responsible if it is done
with high combustion efficiency
or if the sequestration of emis-
sions prevents the carbon dioxide

Remme, . .
Ritschel Bles] and [EA from entering the biosphere.
und Schiffer Fahl  [(2009)Ifo” | IEA®
Coal production costs
for current deposits in Conclusion
USD/boe 7.9 8.5 8.2
Coal production costs ) ) )
for future deposits in In light of the great differences in
USD/boe 11.5 10.0 extraction and the qualitative dif-
Percentage of ) ferences of energy resources from
?g;?i?;?ggzzz)s gr the individual deposits, the deter-
current deposits 44 47 46 mination of average production
Percentage of costs for the total production of
production COS]ES in an energy source can only be
total coal price” for understood as an approximation
future deposits 64 56 pp )
Y JEA (2009);, selected countries. — » IEA (2010) (expected), up to of actual costs. Table 4 contains
100 Gt. — © Coal prices between 2005 and 2009. the average values of present and

Source: Listed studies; Ifo Institute.

future production costs for crude




Table 4

Production costs for energy sources and share of production costs
in the price of the energy source (in 2009 prices)
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