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Abstract: Problem statement: The fossil fuels play a crucial role in the worldeegy markets.
Demand for fossil fuels become increasingly highl avorrisome, because of fossil fuels will be
significantly reduced and ultimately exhausted.sT$tudy was conducted to predict the depreciation
time of fossil fuels in Malaysia and estimate thmet remaining before the fossil fuels will finish.
Approach: To predict the depreciation time of fossil fudlse reserves, consumption and prices of
fossil fuel will be used. The prediction of foshikl reserves were estimated using ratio of fdssil
reserve versus consumption, Klass Model and Matlifiass Model. The prediction time will give us
the opportunity to prepare for the coming energgi€tand discover new energy sources. The results
from the analysis will be concluded alongside witlk Olduvai Theory and Hubbert Peak Theory.
Both of the theories are highly related to the gynerisis. The Olduvai Theory states that the ilals
civilization will last for approximately 100 yeacirca 1930-2030. As for Hubbert Peak Theory, it can
estimate the total amount of fossil fuels availabssed on the production rate from time to time.
Results: Due to the vast usage of petroleum, it will beldal faster than natural gas and coal. After
14 years, natural gas and coal will replace patrolas a fossil fuel and coal would then be the majo
fossil fuels. Based on the results from HubbertkPEaeory, the rate of production of petroleum has
reached the maximum level in 2004 and started ¢tirdesince that time; while in the Olduvai theory,
it has explained that the life expectancy of thdustrial civilization was found to be ended in 2030
Petroleum will be spent over in 2020, followed katural gas in 2058 and coal around the year 2066.
Conclusion: So far, Malaysia has not facing disconnectionletteicity as other developed countries.
When this happens, it gives the meaning of the @hnthe industrial civilization where the electric
power grids go down and never come back up. Ifetiemo substance that can replace fossil fuels to
continue in the industrial civilization, human dization will be facing the fate of collapse.

Key words: Fossil fuel, depletion time, Klass model, modifi€lass model, olduvai theory, Hubbert
peak theory

INTRODUCTION bituminous and lignite. Unlike petroleum and nakura
gas, coal is formed by the decomposition of plants
alone. Energy from sunlight is absorbed and stémed
plants millions of years ago and released whe ket
decays. The nature of fossil fuels that are flammab
provides the potential to generate more energy for

of hydrocarbons and typically exist in liquid form. €lectricity generation from the steam, internal
There is thick, black petroleum such as tar ancetaee ~ COMPUStion engines, as well as cooking.
clear like water. Petroleum is not useful in ite/farm, _ Since the discovery of fossil fuels, human
but produces useful products such as petrol, kagose civilization has been swnche(_:i to the IndustrialeAg
and lubricating oil refining process. Natural gas i 1h€ energy produced by fossil fuels allows humans t
similar to petroleum, but exists as a gas. It ipagess OPerate large machinery to overcome human
and odourless. Most natural gas is formed by methan limitations. Heavy objects can be lifted and moved
ethane, propane, butane and pentane, which isttaéso €asily and buildings can be constructed in a shorte
composition of natural gas from the petroleum iiafin  time. All this contributes to global economic growt
process. Furthermore, coal is similar to the blstthe and bring human civilization to a higher level. Wnt
and is divided into three main types, anthracitenow, fossil fuels still play an important role ihet
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Fossil fuels are natural resources that were fdrme
by the decomposition of organisms buried for milfo
of years. Fossil fuel consisting of petroleum, naltgas
and coal. Petroleum or crude oil is a complex nmixtu
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world energy markets because energy is an importarRetroleum (BP). EIA provides data, forecasts and
source of growth in the world. Fossil fuels areunat  analysis to promote efficient markets and public
resources that cannot be renewed and will be eldgus understanding regarding energy and its interaatiith

in the near future. Because of technological pregre the economy and the environment EIA, 2010. BP, one
and economic growth, demand for fossil fuels becmeof the largest petroleum company in the world, ovdy
increasingly high. It is a fact that fossil fueleeaon-  providing customers with fuel for transportatiorytb
renewable resources hidden underneath the earthviind also published annually the statistical studiestiom

be depleted one day. As time progresses, the catistim world’s energy and provide data. These data can be
and demand for fossil fuels are increasing. Therefear obtained easily in a spreadsheet and only minor

that they will be diminished in the near future. modifications are needed for analysis.
According to Shafiee and Topal (2009), reserves of
fossil fuel related to usage and price. The resaifve MATERIALSAND METHODS

petroleum and natural gas has shown a positive

relationship with usage but has negative relatignsh Methodology: To predict the depreciation time of
with prices. On the other hand, reserves of coalvgld  Malaysian fossil fuels, the ratio of reserves-usage
a negative relationship with usage, but positivéghwi model, Klass Model and Modified Klass Model, wié b
price. Shafiee and Topal (2009) has found that theised for the estimation.

prediction of depreciation time of petroleum, natur ) ) )

gas and coal for the world will be depleted arogdg T heratio of fossil fuel reserve versus usage (ratio of

36 and 106 years. Duncan (2001) highlights thergheo "eServe-usage): This method is used to calculate the
that explains the world energy production and worldratio of the prediction of depreciation time of $ds
population is related to the industrial civilizatiovhere ~ fuels. With the use of fossil fuel reserves foimaet, the
the industry expects that the life expectancy is'€Serve will be _used ba_se_d on the rate of usagamad_
approximately 100 years, i.e. between the year§ 193 of reserves will be dl_mlnlshed. This can be easily
2030. This theory is called the Olduvai Theory thatcalculated from the ratio of reserves-usage. Howeve
predicts the time of disconnection of electricity these methods provide only rough estimates andatre

(blackout) where the electric power grids go dowd a Suitable for detailed analysis. _

never come back up. Sgppose that at a certain time, a reserve oflfossi
Korpela, 2006 has debated on the need fofuels is R _(drums) and annual usage is C (barrets p

alternative energy sources to address concernstoger Year). R will be reduced to a constant value&Cafach

decision of fossil fuels. This has been raised bptert ~ year until it reaches zero:

(1949) which states that the era of fossil fuelvasy

short. In the past, people use solar energy asaapr R-C-C-C-C . &0

energy source, now they use fossil fuels as a sonirc R-(C+C+C+ C+ .+ CF (
energy whereby it is not renewable and needs @ fin no

new alternative to the energy sources. Klass (2003) R_;C'O

through his research has found many industrial R-nC=0

countries have now started an intensive research
program in 1970 to develop renewable energy sources
like solar energy technology. The search for a
replacement of fossil fuels must be prioritizecetsure
the future of human civilization.

The objective of this study is to predict the
depreciation time of fossil fuel in Malaysia basedthe ~ n=- 1)
models from previous studies. In order to prediet t

reserve, the world price of fossil fuels will beedsand  k|ass model: This model was proposed by Donald L.
the models from previous studies will then be apto (Klass, 1998). Klass assumes that the annual growth
the Malaysian data. Further, the results will berate of fossil fuel usage, g @402 is a constant.
presented along with the Olduvai Theory and thestarting from the basis of annual usa@ereducing the
Hubbert Peak Theory. This study is prioritized be t  amount of reserves, R follows the rate of compound.
reserve and the usage of petroleum, natural gas@ald The derivation of the formula allows us to calcalat
in Malaysia. the depreciation time, n years for fossil fuels.eTh

value of g is obtained from the forecast until trear
Data: The data for this study is obtained from the2030 in the publication of International Energy
Energy Information Administration (EIA) and British OutlookEIA, 2009:

137

R=nC

Then, the ultimate reserves(year) is calculated by
Eqg. 1and 2:
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reserve at the start is equal to area under theecur

which is the amount of fossil fuels up to n yeas,
shown in Fig. 1. Because reserves are equal to the
amount of usage up until year-n, therefore:
R=)C=G+C+.+ G
i=1
B R=C+Cé+ Cé&+ .+ C&
. Rotvesaos 4 00
Year C
Fig. 1: The increase in the rate of consumptiofossil %eg =@+é%+ .+ &
fuels by Klass Model R
7(eg — ]) +1= &9
Yearl:G = C+ gC C
Year2:G = G (+ gF C@ ¢ @ m[B(eg-gﬂ}: e
Year3:G = C(¥ @) ¢
Yearn:G = C(k d) Thus, the depreciation tima,year of fossil fuel is

The rate of fossil fuel consumption will increage Ea. 6
to the point where reserves have been exhausted. R

The reserve at the start is equal to the arearunde '“[E(eg _])+1}
the curve, which is the amount of fossil fuels wssag nN=———-—"
to n years, as shown in Fig. 1. Therefore, the g
depreciation time is estimated by the formula Eq. 3

(6)

The olduvai theory: This theory states that life
expectancy for the Industrial Civilization is lébsin or

In 1+gC+ZC, equal to 100 years, between the years 1930 to 2030
q=n@+gy _ _ c ), 3) (Duncan, 2001). Since the discovery of fossil eperg
Cn(i+g) T In(1+ g) human civilization is capable of entering into the

Industrial Civilization. Energy production per ctpi
increased to reach its peak in 1979 and then detlin
after that.

In 2030, energy production per capita will falcka

On depreciation of 100%, total consumption is
equal to the reserve at a certain time, Re=C+)_ G

therefore Eq. 4 and 5: to the same as in 1930 in which only meet the life
expectancy of 100 years. Fig. 2 shows the Olduvai

n (1+ gBj Theory for year 1930 to 2030. o

= c)_4 4) The decline began after the peak _productlon in
In(1+g) 1979 and was followed by three sections, Olduvai

escarpment (1979-1999), Olduvai slope (2000-2011)
- ) . . and the Olduvai cliff (2012-2030). Olduvai escarpine
Modified Klass model: Modified Klass Model is indicates a decrease in the energy per capitatat ra

modified from the Klass Model proposed by (Shafiee 330 :
. .33% per year. Moreover, Olduvai slope marked the
and Topal, 2009). It is not the same as Klass MOdggeak of world production, particularly petroleum

which used discrete compound rate, this model us Sroducts caused by the war in the Middle East:

rate of compound which is exponentially continuous.jg,cz1em Jihad. Olduvai cliff will be indicated the

Igr?s\lj?riu?io%fg ?h?ebggiguilf g;ﬁmglrzﬁgaofef()igsgggel termination of electricity that will be spread thghout
ption. 9 the world for energy reduction.

Therefore, for the year-n
The Hubbert peak theory: This theory states that the
C,=Céme (5)  rate of production of fossil fuels seems to follavbell-
shaped curve. The area under the curve will refect
The rate of fossil fuel consumption will increage  estimate of the total amount of fossil fuels we éhan
to the point where reserves have been exhausted. the planet, as shown in Fig. 3.
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At the beginning of the curve, the increment ia th
production rate occurs because of the great dfidtie
rate of discovery of fossil fuels. Further, depiatiof
resources will lead to decreased in the productbe

In 1956, Hubbert proposed that fossil
production in a given region over time would follav

fuel

production reached when about half of the fossdl fu
that will ultimately be produced has been produttegiso
has a single peak. Given past oil discovery andymtion
data, a Hubbert curve that attempts to approxirpats
discovery data may be constructed and used todwovi
estimates for future production. In particular, ttee of
peak oil production or the total amount of oil misitely
produced can be estimated that way.

RESULTSAND DISCUSSION

To predict the depreciation time of Malaysian
fossil fuels, this study used the data of fossiklfu
reserves and usage in 2006. This year was chosen
because the annual growth rate of fossil fuel usgge
was contained in the International Energy Outlo6R®
EIA, 2009 and will be used to estimate the valug fufr
the years 2006 to 2030. Table 1 and 2 show datthéor
reserves and the usage of Malaysian fossil fuelgeze.

Petroleum data and natural gas reserves can be
obtained easily, but not for coal. This is becaofao

roughly bell-shaped curve without giving a precisesmgle organization provides the technical data and

formula. He later used the Hubbert curve, the ditirre
of the logistic curve, for estimating future protian

reserves for coal. However, some data can still be
sought from the world’s annual publication in

using past observed discoveries. Hubbert assunatd thinternational energy outlook. Unfortunately, datr f

after fossil fuel reserves (oil reserves, coal mese and
natural gas reserves) are discovered, productidinsat
increases approximately exponentially, as
extraction commences and more efficient facilites
installed. At some point, a peak output is reacaed
production begins declining until it approximates a
exponential decline.

Malaysia are not available.

moreResults from the ratio of fossil fuel reserve versus

usage: Table 3 shows the diminution of fossil fuels in
Malaysia based on the ratio of reserve-usage rstarti
from 2006. In Malaysia, the petroleum reserves can
only last for 15 years (until 2021). The naturas gl

The Hubbert curve satisfies these constraintshas reserves over 80 years (until 2086) and 118yea

Furthermore, it is roughly symmetrical, with theageof
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(until 2119) for coal.
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Fig. 5: The depreciation time of Malaysia fossielf
Fig. 4: Depreciation time of Malaysia fossil faelith with Klass model

the ratio method . _ _
Table 4: The depreciation of malaysia fossil fuatedd the world

Table 1: Reserves and malaysia fossil fuels usage fossil fuel with Klass model
Fossil fuel Reserve Usage (per year) Fossil fuel Depreciation time (years)
Petroleum 3 (thousand 0.195061007 Malaysia World
million barrels) (thousand million barrels) ~ Petroleum 13 34
Natural gas 75 (trillion 0.9400853 Natural gas 51 41
cubic feet) (trillion cubic feet) Coal 63 71
Coal 1483.06 (million 13 147
tonnes) (million tonnes) Table 5: The depreciation of malaysia fossil fuated the world
Source. EIA and KTAK (Ministry of energy, water and fossil fuels with modified Klass model
communications) Depreciation time (years)
Fossil fuel Malaysia World
Table 2: Reserves and world fossil fuel usage Petroleum 14 35
Fossil fuel Reserve Usage (per year) Natural gas 52 42
Petroleum 1292.93553 (thousand 31.09860878 (thdusan Coal 64 72
million barrels) million barrels)
Naturalgas ~ 6124.016 (trillion 104.06312822 In Malaysia, it is estimated that the petroleum
cubic feet) (trillion cubic feet)

reserves can still be used for 13 years (until 2019

Coal 929.3 (thousand 6.72469310299 .
( compared to the world that still can hold up toy@4rs

million tonnes) (thousand million tonnes)

(until 2040). Natural gas and coal will still belalo
survive for a period of 51 years (until 2057) arigl 6
Table 3: The Malaysia fossil fuel depreciation witie method of  years (until 2069) respectively compared to theldvor

Source: EIA and International Energy Outlook

__ratio of fossil fuel reserve versus usage that only lasted until 41 years (until 2047) andy@ars
Fossil fuel Depreciation time (years) — (yntil 2077). It should be noted that natural gaserves
Petroleum 15 in Malaysia is 10 years longer than the world’sunait
Natural gas 80

Coal 113 gas. Figure 5 shows the depreciation time of Madays

fossil fuels with Klass Model. For this result, theit of

Fig. 4 shows a graph of the depreciation time offossil fuel reserves is also standardized to thitisBr
Malaysia fossil fuels with the ratio method. Theewe thermal unit, Btu.

unit of any fossil fuels is standardized to thetiBhi Results from modified Klass model: Table 5 shows
_thermal units (Btu) so that the _three curves caplte  yhe giminution of fossil fuels in Malaysia comparked
into the same graph for comparisons. _ world data based on the Modified Klass Model starti
This method is only used as a rough estimate, &g 2006. Theg value of petroleum, natural gas and coal
the rate of usage is considered as a constant 830@® s 0.01, 0016 and 0.0168 respectively.
and is not suitable for further analysis. In Malaysia, it is predicted that the oil can|stié
used for 14 years (until 2020) compared to the dvorl
Results from the Klass model: Table 4 shows the that will last for 35 years (until 2041). Naturasyand
diminution of fossil fuels in Malaysia compared to coal will still be able to survive for a period 52 years
world data on Klass model starting from 2006. The(until 2058) and 64 years (until 2070) comparedhi
value ofg used for petroleum, natural gas and coal ar&vorld that can only survive up to 42 years (un@48)
0.01, 0016 and 0.0168 respectively. and 72 years (until 2078). In addition, Fig. 6 githe
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depreciation time of Malaysia fossil fuels with the some point. In order to continue the development of
Modified Klass Model. Like the Klass Model, British human civilization, one must find alternative magtkr
thermal unit Btu, is also used as the unit ofto replace fossil fuels.

comparisons.

The results do not differ much from the Klass The Hubbert peak theory and olduvai theory: Based
model because there is only one year differenceon a publication from the U.S. Department of Energy
Howeve(, the assumptions made in t_he Modified Mode(U.S. Department of Energy 2004), Fig. 7 shows that
Klass gives a more accurate estimate because thRe production of petroleum for some of the non-GPE
assumption of the usage of fossil fuels in eachr §®a countries have achieved the maximum level. We can
not constant. Since Modified Klass Model has a moreee that Malaysia has reached peak in oil produdtio
accurate description, explanation would be based 0997 and has declined since then. The graph of oil
this model. Two assumptions have been made for thig,oqyction supported the Hubbert Peak Theory where
comparison. The first is the results for Malaysid ¢he éhe curvature follows the bell-shaped curve.

world is independent of each other. The second  rjgre 810 shows a graph of the production of
assumption to get useful and accurate predictidnat Malaysian fossil fuels. Petroleum has reached peak

Malaysia using their own petroleum. . production in 1997 and again in 2004 and start
From the values displayed, Malaysia petroleum

reserves will be exhausted in 14 years while thddvo declining thereafter. From there, the forecastig o

; : roduction in the future may follow the form of allb
petroleum can still stay up to 35 years. This mahas P .
Malaysia will spend the petroleum reserves fadtant shaped curve. The natural gas production has estrsh

the world. Malaysia still continues to use its own@ Significant peak as the production is still irsieg.
natural gas for over 52 years before reserves are

exhausted. The world natural gas can only survore f 0000
over 42 years and this shows that it spent morekbui o

. I g 70000 ~
when compared with Malaysia’s natural gas. Amomg al = S5
the fossil fuels, the prediction of depreciatiomei of 5 50000 R
coal for Malaysia and world is a bit little longeZoal 5 40000 - RS
will be exhausted in about 64 years while the werld £ 30000 frtsescnnn,,,,, RS
. “ps § 20000 |, 0 TTtteean,,, ~
coal will be exhausted within 72 years. = ey N,

With the present rate of usage, Malaysia will shen  — " \ s,
more petroleum than natural gas and coal. In thedu 0 10 20 30 40 50 60 70
natural gas and coal need to replace the petrobaudn Duration
Malaysia may have to rely on other countries for Delroleum -~ Natural Gas ~--Coal

petroleum. Petroleum depreciation time can still be
extended if the rate of usage can be reduced
awareness of consumers on the ultimate resources
fossil fuels. However, petroleum is likely to runtaat

bg}g. 6: The depreciation time of Malaysia fossiklf
with the modified Klass model
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Fig. 7: 2004 U.S. government predictions for otguction in non-OPEC countries to achieve
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This suggests that Malaysia can still increasé the possii fuel

natural gas production in the near future.

The production of coal in Malaysia only started Natural gas
around 1985. The production increased gradualtén

early days with some small decrease and then slydden
increased sharply after 2003. This graph does s
the peak of production to date and the productibn o
coal is still increase.

CONCLUSION

From the analysis carried out, the diminution of
fossil fuel based on the three models proposedbean
concluded as in Table 6. Petroleum will be spentemo
quickly than the natural gas and coal. This is beea
the usage of petroleum is too broad and high igeisa
Coal will still be used for a longer time and istno
comparable with petroleum. After 14 years, natgesd
and coal will need to replace petroleum as fossld
and coal would then be the major fossil fuels.

The rate of petroleum production that follows the
curve of bell-shaped has explains the Hubbert Peak
Theory. In about the year 2004 (Fig. 7), the rate o
production of petroleum has reached a maximum and
started declining since that time. This may supploet
results of which petroleum will be spent first. Nial
gas (Fig. 8) still showed a significant of peak
production and suggests that the rate of produation
natural gas will still be increasing in the futurehe
production of coal only started around 1985. Sitineet
year, the rate of production (Fig. 9) increasedigadly
at first and rapidly after the year 2003. So fag tate
of production of coal has not yet reached the marim
level and still increasing for a very long period.
Therefore, the depreciation time of coal is thegkst
among the three fossil fuels.

The life expectancy of Industrial Civilization
which is explained by the Olduvai Theory is
approximately 100 years, between 1930 and 2030.
Based on the results of this study and the resalts
Table 6, we need to worry about the fall of the
Industrial Civilization that is caused by the
depreciation of fossil fuels. This is because the
expectation of the end of Industrial Civilization,
which falls in 2030, is within the period of
depreciation of the three fossil fuels. Petroleuitt w
be spent in the year 2020, followed by natural igas
2058 and coal around the year 2066. So far, our
country is not facing disconnection of electriciay
in other developed countries.

Table 6: The Malaysia fossil fuel depreciation vilthee models

Depreciation time (years)

Ratio of reserve- Modified Klass

usage Klass model model
Petroleum 15 13 14

80 51 52
Coal 113 63 64
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