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Abstract. In the paper some of the problems accompanyingsitian from the classical power sources towards
renewables as well as some of the publicly widelgepted persuasions of questionable credibility beiag
discussed. It is shown that the footprint of thealed green power sources is much larger comgarethssical
technologies and that the overhasty developmen¢afnologies aiming at energy dependence reductiayn
lead to an even higher energy dependence. The éxarhe "eco-land", Denmark, is presented andttuiting
oil with ethanol made of cellulose as well as noisseof the CCS technology and £€mission taxes are
discussed. Fortunately, fossil fuels are not yahing short as some people fear. This, howeverf matsbe the
reason for getting stuck in developing renewalilesvever, it is reasonable to direct our efforts eegburces, in
the nowadays relative energy prosperity, into neteand development to contribute to the nationelfave. It
makes no sense to subsidize China and its enviraathenften questionable production and absurdvis,
such as e.g. pushing GBeneath the earth surface or taxing the-gnt.
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physical limitations and strategically unacceptable
hazards.

In the paper, some aspects and problems are
discussed concerning providing the mankind with
energy from renewable sources instead of usinglfoss
fuels. Accessing energy sources is of a crucial
importance for any society. False decisions cariahg
term reduce its chances to compete on the gloleslesc
Therefore it is important that any single aspedtlen
into consideration, and of course, also those (uldio
say especially the ones) which are most unpleasant.

2 SOME BASIC FEATURES OF ENERGY
SOURCES

. . o ) It is not necessary to be an expert to know thecbas
Figure 1. "Poisonous" carbon dioxide sneaking adooor features of energy sources according to which ﬁm‘y
homes be classified into various groups.

Therefore, hearing statements by numerous "hobby- The most important feature iavailability. An
ecologists” and "hoby-power-experts" we cannot pupaccessible energy source has no value for us. The
asking ourselves: "Why for God's sake do we ndechnological progress has enabled this feature to
exchange all the pollutants in the electric powester  increase greatly in recent years. In particulais th
by the so called renewables?” Let us in oufPplies to new (revolutionary) methods of drilliagd
considerations ignore theIMBY and BANANAeffect ~€xploitation of oil and gas, wind farms "off shore
(NIMBY — Not In My Backyard, BANANA — Build technology, etc. Unfortunately it is not the casthwhe
Absolutely Nothing Absolutely Nowhere Around) as€nergy source, whose importance is growing ragdty
there are more than enough cases in Slovenia atee itS accessibility is of the highest importance,. i.e
for renewables, but against hydro power plantsten t €lectricity (it is hard to store it and it is noorable).
river Mura, against wind power plants, against poweEIectrigity storage development_ cannot be Iabeled.a
lines, etc.). Let us also ignore the Murphy's "raitu revolutionary. The problem is how to use it
law" (i.e."If it is too good to be true, usuallyisn't ~9eographically independently.
true) and look upon some technical aspects of capja Predictability means that we can ‘rely’ on the
the classical energy sources with renewables.dtish €nergy source knowing where it is to be found ama h
also be noted that "there is not such thing likke t0 get it when needed. The most problematic is the
lunch," and that maintaining high environmentameaning of this concept in case of electricity. Mok
standards is costly (For the majority of the peopl&!® power plants cannot be simply turned on and off
ecology becomes unimportant at the moment they havden needed. This is a major problem of many
to open their wallet). renewable sources. Typical such representatives are

Answers to issues of replacing classical energgyind power plants (see [1]). As it is not possilie
sources by renewables are not exceedingly comgticatPredict their power production, they are not takeo
and may be given on the basis of publicly accessibfccount in power-system planning (as if they did no
information, knowledge of basics of physics andtfof ~ €Xist [2]) and it is necessary to have them 100%kéd
all relying on our common sense. One should all thdP- )
time keep in mind the wisdom of the philosopAethur The energy content (energy density) of an energy
Schopenhauer "Common sense can replace almosgource defines the amount of energy (that can bd)us
every level of education but no degree of educatam Stored in a certain quantity (mass, volume) of the
replace common sense "energy carrier". It is practical to deal with aneegy

It is unquestionable that the technology of rendeabcarrier of high energy density because it can ydml
power sources should be developed and that wellare §ored or transported. At a gas station, energwsflo
hardly awaiting the times in which we will screwlaro OVer a pipe into a car of some 25 MW. _
panels on or glue "a solar foil" up a southern veall The electric car shown in figure 2 with a thin eabhd
roof of our house. There is also no doubt thatagert Single-phase 230 V plug is ridiculous. If we spaoe
technologies are going to be improved so as tcheag  @nd estimate that for the same range of a cartimes
enough to be able to compete with the fossile-fudkSs energy is needed than for the conventionalitar
technologies without subsidization, paid by “ordina Would still have to be charged (in order to achieve
citizens”. However, providing energy from renewabléimilar rate of energy filling) with approximately

sources on a global level is connected with certaMW of power, which at the 230 V level amounts to
about 26 000 A.
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conventional power plants is unacceptable. In sach
situation wind power plants have to be turned off.
However, as it is mandatory for the system operttor
accept electricity from resources qualified as veatae,
the owners of these types of power plants can iggt h
indemnity to stop power plants. Data from the UK,
November 2011: wind power plants - 180 GBP / MWh,
taking into account the nominal power of power fgan
(that is, about four times the average price for )W

in order not to operate!

a)

Daily consumption

Figure 2. Unfortunately impractical.

Assuming, optimistically that 1 mfmof copper can
permanently lead the current of some 5 A (whichads
true for thick cables) a copper cable of a 5200°mm y
cross-section should be used. If car filling take® o= houofthedny
hours instead of two minutes, almost 450 A shotild s 0 3 6 9 12 15 18 21 24
be "pushed" into it, that corresponds to about 96°m
thick cable (fOI’ the phase and for the ground).w@-t Produc:lonandcansumpnonofe;?;:;:;:eratthe:ransmlsslonlevelan:
hour charging from an ordinary home plug will | oy
probably not be an option for a long time. These |
considerations have been made assuming a singtepha Pl e
outlet and cars of similar technical capabilitiesthe
ones used today. In larger cities families havirsg pne 4 R
car cannot get around, so the electric car can baly e
imagined as a ‘second’ car, for shorter distancesd a
whith a relatively low capacity engine. P s eyl
High energy density is therefore one of the key Hour ofthe day
advantages of fossil fuels compared to other tyufes Figure 3. a) Consumption of a distribution - a egbiday:
energy sources. b) Balance - ELES 24th November 2010 [3]

Power [MW]

3 ENERGY AND POWER
4 »BACK-UP« POWER PLANTS

Explanation of this term is limited to a power st ) ) ) ]
The term "energy produced by this and this souicet  1he basic rule to followed in planning and opewgtine
many cases abused by media and the public §&nsmission power grid is the so called N-1 cigter
manipulated with it. Mostly we hear or read that 4Vhen met a normally operating power system
power plant produces some amount of energy in MwMithstands the Iossl of any of its elements at npaich
This is likely to be true, but a power system opes@n ©n the power supplied to end consumers. When isere
the principle of meeting needs of power and notgne & fault taking place in the distribution power grtis is
demand. In other words, a power system has to peodugenerally not the case. Because of the radial tstreiof
as much of the electric power as the users requie 2 distribution power grid, switching maneuversthe
certain moment (including losses). The sum of thBack-up supply routes have to take place.
produced and consumed electricity (including 1O @pply the above mentioned N-1 criterion when
transmission and transformation losses) must balegqu OPerating renewable-source generation units (eigd w
any moment. In the opposite case, the system freyye farms) reserve generation units shOl_JId be used wieen
which has to be kept within narrow limits, begims t |€vel of renewable source generation drops (e. lo
change. Power plants must therefore continuouglysad wind). As the wind intensity is u_npredlctable, eadhd _
their output in order to meet the power demandarm _has to be provided with reserve generation.
Electricity available when not needed is useledse T EXperiences from the USA show that, despite thgelar
produced energy represents only the sum of the§mber of wind farms, there are periods of time whe
powers (time integral). their generation output is almlost zero. That is wr_iyas
Fig. 3 illustrates this aspect. There are alamsitns been decided that in planning power generation, the
possible in which production exceeds the needsfdsut capacity of wind farms should not be taken intooar.
technical reasons reducing production or trippihg t In other words because of the capacity of the llesta
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wind-farm generation the required capacity ofinits should be dimensioned to approximately. 5000
conventional power plants should not be reducetjtbu MW (for illustration this capacity can be transmdt
may impose some adjustment on the conventionaler fifty 110-kV lines) compared to approximately
power plants. Hence, wind farms have to be 100 %100 MW foreseen for the variant of the nuclear gow
backed-up. If this investment cost is added to thglant variant. The cost of all these assets would
investment cost of installing a wind farm the cobtts eventually exceed the cost of wind farms, not to
electricity rises significantly. mention the difficulties associated with spatidirsg of
numerous power lines. The last but not the least
important issue is the plant lifetime. That of anai
turbine is approximately three times shorter thaat bf
& nuclear power plant. On a long term basis this th
increases the cost and thus worsens economic asgfect
the wind farms.

Instead of a nuclear power plant any fossil-fired
power plant can be adequately used to make this
comparison.

EXAMPLE: Let us make an illustrative, simplified and
idealized calculation on the Slovenian power gfy(
4).

Let us assume a power plant supplying a quantity
electricity in the amount matching generation a@@o0
MW mean power, with an irrelevant time profile bet
output power, with several storage hydro power tglan
with large reservoirs that can offset any imbalance
This way electricity can be generated and storeghin
desired manner. However this is an extremely id8ali
example. 5 MATERIAL CONSUMPTION AND

Let us take a look at the alternative, either a new ENVIRONMENTAL FOOTPRINT
nuclear power plant (i.e. JEK2) or wind farms. Tieav . )
generation nuclear power plants — the so called [IIEXPloiting any possible energy source more or less
generation — currently offered in the market, gnaraa adversely collaterally affects the environment. To
92 % availability of their generation capacity dveuls Minimize or, in other words, to improve the so edll
and fuel-element exchange accounted for. This meaf@vironmental footprint and reaching at the same i
that in the period of time with no overhauls anelfu adequate energy to maintain the present life stanafa
element exchanging the quantity of generated édétgtr the same time, certain measures _shOl_JId be_taken.
will exceed the guaranteed 92% capacity of suchepow Let us focus on electricity which is an issue of th

plant. At the given assumptions, the mean power Spajority of environmental public disputes. One tf i

1000 MW, the required capacity of the power man@spects is the land required for sitting each tgpe

amounts to 1000 MW / 0.92 = 1087 MW (this Capaci@;eneration u_nit compared to its installed powere t
coincides with the capacity of the variant foresgethe €N€rgy density. A common scaled nuclear power plant
least output for the planned nuclear power plaft2)E unit in the_ World_ is a 2700 MW 2 reactor unit. _Arye
The availability of the wind farms in Germany iscor;servanve estimation of the ecological footpin43
below 20 %, and according to some sources evembel§M Of the compromised land [6], making the energy
15 %. Taking into account the 20 % availabilitytbe ~density amount to 56 W/m(the compromised land
Slovenian wind farms, the installed capacity foe thP€ing limited only to the land of the generationt ima

same electricity output is 1000 MW / 0.2 = 5000 Mw/'ange of 100 times less). The energy density ofdwin

To install large 2 MW wind turbines (such as thdsat @'ms is some 1.2 W/m[7] and of photovoltaic
are supposed to be installed in a legally blocketess approximately 6.7 W/M[7]. The record breakers in the

in the vicinity of Dolenja vas) 2500 of such Windn_egative sense are biogas-_fueled power plants whith
turbines would be required (or 6000 units of thpety biogas produced from corn-silage and bioethanolgsow

provided for the Volovja Reber wind power plant). plants, in Whi_c_h bioethanol is produced from cdrheir
energy densities are only about 0.4 W/ and 0.05

W/m? [7], respectively. Exploiting these two energy
sources for energy needs rather than for food iy ve
controversial and should be criticized by ecologarad
humanitarian organizations immediately.

The above numbers might be to some extent
guestionable, but they can be substantiated bydurt
studies. In [8], for example, corn bioethanol isessed
to have a 144 times, wind farms 30 times and
photovoltaics 15 times worse ecological footprint

Figure 4. Nuclear power plant versus wind farms compared to nuclear power plants.
a) The Krsko NPP [4] Some generation units adversely affect the quality
b) Wind Farm [5] of life in their vicinity (e.g. wind turbines mayaase

light flicking and may also produce low-frequency

Also, the capacity of the transmission system efgme "2 . .
pacty y noise, disturb birds etc.).

(lines, transformers, switches, etc.) and pumpagor
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Besides, much space is required for transmissianodern motor or a generator (power per kilogram). |
lines because of the distributed generation. Due t@ould be unreasonable to equip electrical vehialih
restrictions and public opposition they are hardgéd very heavy electric motors since they would use too
build. much energy to move. The generator made to be

A comparison made for the material gives a similamounted on a tower of a wind turbine cannot be too
result. The unfinished 2 MW wind turbine at Dolenjeheavy either. The latter would make the entire
vas occupies ca. 500°ri1200 tons of concrete for the construction much more expensive. Accumulators used
base and ca. 150 tons of iron, 50 tons of thatgo@in in electrical vehicles (and most of portable elegits —
the base) [9]. The base of the wind turbine at Bjale cell phones, laptops, etc. ) should be light, lmstand
vas is shown on Fig. 5. highly efficient. Nowadays it seems that lithium
accumulators are the best in meeting these criteria
Furthermore many photovoltaic cells need on cadmiu
telluride. Currently manufactured PC monitors cdanno
do without the elements such as yttrium and europiu

As one can see it is important to use rare earth
metals such as lanthanides and some others segmingl
exotic elements. The discussed motors and gensrator
can be made only by using permanent magnets based
either on praseodymium or neodymium or samarium or
terbium or dysprosium, all belonging to the group o
lanthanides. The same is true for europium (usdeidn
monitors). Although tellurium is not a rare eartletsad,
there is only one tellurium mine in the world. liithm is
not as rare as tellurium but will probably becoroarse
As seen from [10], 90 fof concrete and 40 tons of With the increase in the use of electric cars (&htim
steel are needed for a nuclear power plant, 370im batteries).
concrete and 3.3 tons of steel (with no pipelines
included) for gas power plants are needed for evepy
MW installed power. Considering four to five time
lower availability of the wind farms compared to a
nuclear power plant (demanding larger installed gQw
the material used in constructing a wind farmas®00
m® (over 2000 tons) of concrete and 450 tons of ren
4 MW installed power which is in fact the energy
equivalent of 1 MW nuclear power plant. NOTE:
considerably shorter wind farm lifetime.

Figure 5: The base of the wind turbine at Dolesmja [9]

c)

Figure 6. Application of neodymium magnets

a) Generator part of a small wind power plant [11]
6 ENERGY (IN)DEPENDENCY b) Hard disc [12].

One of the arguments (in the author’s opinion tlestm ¢) Top-quality earphones [13].

well-founded) speaking in favour of intensive

development and use of renewable energy sources, is

. . .1 &t us now take a look at the geographic locatafrihe
energy independence. Europe imports over half f I{f;bove rare elements (lanthanide oxides are reféored

natural gas and over 80% of its oil consumptiore (th, . 0 "y .
situation in Slovenia is even worse). The effects o?\sgr;;rtgs 06:15| V\{cilrl)e.eggtg)teosf- tg\er Ie':l'il;gq rg?\::?t;n d
reducing this import dependency using renewab hina [14]y Desy ite the lar e.de gg)sits o;‘ lithium i
energy sources would be beneficial both stratelgicaIBolivia Evb MorPaIes does %ot Sé)” it to the “rotte
and politically. We can all well remember closirigtiee pitalists”. The lanthanide market is controlleg b

Ukrainian pipes. Dependence on one or severdl. . 0 0 .
countries may result in both political and econahic hm".’l n t_he- extent of 95% to 100%. The only mifie o
tellurium is in China. Though these elements are no

dependency. ; . ) .
Before further discussing energy independenceidet extr_emely rare t_helr excavation is demanding and
environmentally disputable.

first pay our attention to what is important in atiag The Chinese government being aware of its almost
modern technologies, either the so called energinga 9 9 :
omplete monopoly over the elements making the

technologies, or technologies intended to produg o .
electricity from renewable energy sources. Onehef t green tec_hnologles possible, these elements aréon
be found in the free market anymore. Moreover, €hin

basic necessities is a high efficiency and a lovghe is educating some 1000 post-graduate students in
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developing methods of gaining rare earth metals [©5 Especially suited for the task is Norway with itsde
other words, the state of the art almost entirglgathds share of HPPs and PSHPPs. When Denmark’s
on the materials under control of China. Althougk t electricity production is too large, they exportreoof it
modern technologies were developed in the wess, it (or turn of their wind power plants still payingeth
very likely that in a few years they will only bead in owners full power production at the full subsidized
China since this will be the only way to obtain theprice). In other words selling at any price in tuaiion
materials needed. like this makes sense.

Speaking in terms of energy independence, we are Norway is of course very willing to buy such (very)
trying to exchange our dependency on 21 counttieg- cheap electricity and “save” it using its PSHPP&hiew
produce over one million oil barrels daily forDenmark is not “windy” and their consumption is thig
dependency on a single country. they buy the electricity they need. Norway is then
selling them the “saved” energy, the price of which
depending on demands in the rest of Europe — can be
very high (the top-to-bottom price ratio of ener@n be
Denmark is generally ranked as one of the mosts much as five or more). Trying to be mean, onelavo
environmentally advanced countries and enviromf course say that the Norwegians are making money
mentalists often like to use Denmark as an exampt#f of the Danish C@emission reduction program and
worth replicating in order to achieve energyit would be hard to argue.
independency as a society and, at the same tinnecéd If the net reduction in the GQemissions assured
as much of our energy demand as possible, by usitigough the vast wind-power program were madeibut,
nature-(some may say “planet”) friendly ways. I thcould (for some surprisingly, for others not) be
seventies, the Danish have, as a response to the auncluded that between 1990 and 2008 the reduction
crisis, accepted a far-reaching and ambitious gnergvould be about zero (see Fig. 7). Of course there i
policy aiming at assuring energy independencsome result too. While the population remained
producing energy in an environmentally friendly waypractically the same at the observed time (in 1i9@0e
and decreasing the so called greenhouse gassesy maivere 50,7 million and in 2008 50,6 million citiz@ns
CO,. electricity consumption has in fact gone up by abou

The Danish are most active in the field 0f20%. This shows some success but a lot smaller than
converting wind energy into electricity and thewéa anticipated. As seen from the graph in Fig 7 no
the largest number of the wind power plants peitaap important change can be made out.

They meet 20% of their electricity demands usingdwi The price for implementing such policies is of
farms. As a result of such high share of unprebleta course paid by the Danish. In Denmark the eletyrici
power production in the system, they have to adjugtice is approximately four times higher than ire th
production of other power sources in the systeorder USA and almost three times as high as in France or
to assure stability of their system. The most blétdor Norway since electricity is highly taxed (where,nibt
such task are hydro power plants (HPP), or moifeom taxation, does the money for subsidies come
specifically pumped-storage hydro power plantérom). As seen from the diagram shown in Fig.8 wher
(PSHPP). Denmark does not have many of the lattene can find graphs regarding the data in [17] (e
since it is a very flat land. Luckily, they are ceated curve clearly presents Denmark).

to Norway and Sweden over submarine cables and to

7 THE DANISH EXAMPLE OF “ECO-LAND”

— Avstrija

Germany over overhead lines. By relying on thesgela i price for hauseholders etk

systems Denmark can compensate its unpredictal —Francia
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Figure 7: Estimation of the Danish @@missions in tons [16] for the household-consumed electricity.
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Now let's take a look at the form of primary energyware and rich country such as Denmark is stilfriam
used in Denmark. One would expect the use of fosdieing fossil fuel independent. Some “mean”
fuels should have decreased due to Danish orientaticalculations show that Denmark could have more
towards “green technologies”. Fig 9 shows the data cheaply reduce global greenhouse gas emission by
the period 1980 - 2008. importing coal and then burying it in order to iease
the operating cost of thermal power plants in offats

a) | b) 0 of the world, than by using wind power plants[37].

S 8 CAN BIOETHANOL SAVE US FROM
IMPORTING LIQUID FUELS ?
We often hear that Slovenia is getting “overgrowith

vegetation. The proportion of the arable land is
shrinking and the proportion of forests is incragsils

Figure 9 Use of fossil fuels in Denmark [18] -

a) Use of coal. it possible to mow, chop and grind everything from
b) Use of oil. overgrown areas, put it in biogas-plant reservainsl
c) Use of natural gas produce ethanol? At the current development stdge o

biogas technology, the answer is "NO". Biomass is
Wnverted to methanol by using microorganisms
consuming sugar, starch and proteins and as a by-
product emitting methanol. Pulp remains unusedgclvhi
means that in today's biogas plants, only municipal
waste and crops with a significant proportion ofjau
and starch (cereals, mainly maize) can be exploited

It was already in 1921 that the technology

As seen since 1990 the use of coal has not decrea
significantly. The same can be said for oil. The 0$
natural gas has on the other hand increased nbljcea
One might find it interesting that Denmark stillveos
over 50% of its power consumption with oil. Lookiag
the share of the wind power plant production irtdts
energy balance it is of some 4% (the annual windgro

plant production is 12 million oil barrels energyconverting cellulose to ethanol was believed to be

equivalent while the annual oil production in thert «available soon”. It soon turned out that the tesls not
Sea IS approglmatgly. 300 million barrgls). A Iargea simple one. With the currently available techgglo
proportlon of its oil IS exporteq. Knowing that thec nversion is possible, but G@missions per unit of
Danish themselves being a society who has .deCIarSaergy are by 50 % higher than by burning gasoline.
war to CQ, one cannot help asking the question: “ISM

; ) o ; N . oreover conversion requires large amounts of water
this how they fight for emissions reduction?" Woitld : :
o . : about 42 times more than production and processin
not be more efficient to stop oil production forpext ( P P g

and leave the most impact possible on the increase crude-oil to obtain gasoline). Currently this teclugy
S pact p . N is not commercially viable. There are promises that
oil prices and the related decrease on its use....?

The share of the wind power in the total Danisfuture conversion of cellulose into ethanol will be
- S power . l(1,ommercially available. If such be the case, a# th
electricity production is shown in Fig. 10. It iear that

. ; . agricultural waste, grass, wood waste and tecHpical
since .200.4’ _constr_uctlon of wind power plants hes | unusable wood could be converted into ethanol, thus
the wind in its sails. It would be reasonable tawn

. replacing gasoline (but not the diesel fuel!!!). €Th
Whgtr_]er the cause for. the current state s lactunds potential is believed to be very large, but notaage as
or is it no longer possible for the Danish powesteyn

. . one would expect and want. In case of Slovenidéf t
to sustain the wind power growth. entire annual increment of biomass (wood, agricaltu
waste — straw, corn stalk, unused grass and shjub .
burnt the energy outcome will be equal to about bl
the energy used by TES 6 unit [21, 22]. If conwbrie
ethanol (at a 100 % efficiency), it would replace

- approximately one third of oil consumption. However
IIII I I " the question is how much money and energy would be
., I"“ Il II = N required to prepare and transport the biomass ¢o th

coi o B O e e power plant site and what would the conversion

Figure 10. a) Electricity production over individuanergy ﬁ,ﬁl(;:eng>t1 b.e' It \.Nougjl stil DOF b&e%ggg? to rage IOIl'd
sources in Denmark [19] s hard to imagine Slovenia in the ntury as a lan

b) Construction of wind-power plaitsDenmark ~ Of brushwood gatherers. _
[20] Calculations made for replacing 10 % of the U.S.

. o ) annual oil consumption, would necessitate the bgsma
Judging from the shown data and their interpretali@ i, the amount for which the truck trailers trangption

conclusion can be drawn that even an environmgntall jan put in a single line would cover the distafroen

a) b)

) ) Wind power,
Production of electrical energy by source

Instaled wind power plants Denmark

g & § ¥
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the earth to the moon and even more [23]. The U.Eollowing the principle "facts are better than dnsg,
would acquire such an enormous amount of biomasslét us examine some facts.
the fast-growing vegetation were planted on 10 % of According to the United States Congressional

their fertile land [24].

Research Service there is currently no technology

Are there any other possibilities of substitutingy o available allowing economically viable GQrapture
with ethanol? Ethanol can replace gasoline, but nf26]. Let us ask ourselves how much 8 emitted by
diesel or kerosene for aircraft whose consumpt®n burning fossil fuels. Burning 1 ton of coal in aage

growing rapidly. In Slovenia, it is hard to sellused

produces 2.6 tons of GOburning 1 ton of fuel oil

gasoline driven car and most of new cars are tles onproduces ca. 2.9 tons of @@nd burning 1000 standard
equipped with diesel engines. The road and sea® (ca. equivalent to 1 ton of oil) of gas produces

transport is powered only by the diesel fuel. Adr@s
almost exclusively use Kkerosene.
consumption is stagnating or is even in declinetren

approximately 2 tons of CO Calculated according to

The gasolinde calorific value, these figures are: 0.335 LIMMWVh

for coal, ca. 0.27 t CZMWh for oil, and ca. 0.2 t

other hand consumption of heavy-grade oil (inclgdinCO2/MWh for gas.

lubricating oils and bitumen used for insulationdan

asphalting roads) is increasing. The fact is tlestoljine

The global annual consumption is an equivalent of
ca. 3 billion tons of coal, ca. 5 billion tons afand ca.

has become a by-product in oil processing. VieweB000 billion ni of gas (which is approximately the

from this perspective, the use of bioethanol iskety

energy equivalent of 3 billion tons of oil). Thigdire

to reduce oil dependence. Of course, it is possible for the CQ emissions are ca. 30 billion tonns. No
start producing gasoline- rather than diesel-drivematter how much the EU and the United States invest

engines, but the replacing the diesel engines
practically “mission impossible”. After all, why ehld
we even do it?

9 CARBON CAPTURE AND STORAGE

Becoming increasingly obvious that in a short term Separation and

isto the CCS technology, the task is simply too
demanding, since this would mean 400 super tar(Rers
million barrels of a useful volume) per day [27]hel
guestion is how to get such huge amounts of gas to
appropriate ports and where to transport then edayy
transport of such enormous

renewable energy sources will not meet the energpantities of C@ is not a simple process and is
needs, the "C© danger" speakers contemplate thestimated to use ca. 28 % of the energy producea by

possibility of using fossil fuels (i.e. coal) ineetricity

thermal power plant, thus reducing its efficiencgnt

generation with C@captured. The technology is known40 % to about 28 % and increasing emission andggner
by the acronym CCS (Carbon Capture and Storage aost (no cost of CCS included) by almost one half,

Carbon Capture and Sequestration). It is almosbtig

which means waste of fossil fuels. Moreover, howeb

option of reducing C@emissions by 80 % by 2050, asaround 40 % (1/(1-0.28)) of additional energy?

declared in certain commitments. These are pdliica

Furthermore, the question remains open of how to

motivated but unreachable commitments with no impatransport gas. Using pipelines now that we canénev
on the climate, but, on the otherhand, devastatingfind place for laying power lines? Transport byirirar
impacting some economies. But this is the debatihen trucks? Whatever be the case, the cost would be

role of CQ in warming our planet.

O

Scottish Centre for Carbon Storage. I

Key
. Superartcal

0, phame
Ossoved |
<O, phime

1. Mining of fuel

3.0, transport
pipeline
N
b

[T

Sl
by

4. CO; injection

Figure 11. Carbon capture and storage - the future
imagination of the artist [28]

Despite adopting the Kyoto Protocol, the fnissions
are increasing rapidly in countries that have iedithe

unthinkably high — in the range of the price of rgye
itself. When stuffing C® underground, nobody knows
in what time it will leak back to the surface. QOrea
worse, when exporting GOwith tankers to distant
countries, it could be released in to air (conti®l
impossible).

10 CO,MARKET IS A RIGHT SOLUTION

One of the ways of decreasing £@®missions is to
impose additional taxes. Despite the vast sizeteate
of the CQ emission market, it is hard to believe that it
will survive in a long term because of the natufét®
trading commodity. In the traditional market, trede
expectations play a very important role. Similan ¢e
expected for the CQOemission market. However, when
revealing that expectations are much higher than th
reality the market is "corrected”, which bringscéte to
their more or less realistic values. And here cothes
main question: "What is the actual current valueaof

protocol [25]. So, how to capture the infamous gas?
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imaginary trading commodity, such as a f3€nission 12 ELECTRIC CARS AND

coupon?" This problem crashed the European, CO THE RELATED PROBLEMS

emission market in March this year after Hungary

abused a hole in their law by »unjustifiably« gagi2 The idea of electrically-driven cars is far fromirige

million €. Comparing this number with 100 billiorf o new. The first prototypes were put in operatioreasy
the market turnover, the amount is rather neglégibl as 1919. Therefore, in the last few years our ggiver
Before the market was blocked, the value for 1 dbn is merely improving the technology of the old cqpice
CO, emission had decreased from 12 € to 1 € (at tiigectric cars have a few important advantages cozopa
moment, this value is some 9 €). to internal-combustion engines, such as betterutorg
The past development of the today's developedistribution, conversion efficiency from the eléctd to
countries has been made possible by unlimitedipe mechanical energy is much higher, there araino
exploiting fossil-fuel resources. This is why it isemissions, etc.
unethical and unjust to limit the economic growth o  On the other hand, there are a few major drawbacks
today’s developing countries and their competitagsy of the electric car technology. First, electricityed for
on the world scale. That is the reason why coustii@  »fueling« electric cars and second, how to storugh
China and India will never agree with such limibas. ~electricity within the vehicle. The latter is theost
Taxing CQ emissions can therefore be considered asimportant obstacle in developing electric cars,tlas
market with a single purpose which is sustainisgivn ~ car-battery technology has made the smallest
existence. And of course, the main idea behindoiilds  technological improvement since 1919 (Fig. 12)
be to increase the wealth of few individuals on theompared to other technologies. The density of
account of the majority. accumulated energy in car batteries is just too. low
A far more reasonable approach to solving th&asoline, for instance, contains 80 times more ggner
environmental issue would be taxing air emissiofs ger kilogram than the Lithium-ion battery. This mea
poisonous substances. Coal-fired power plants pedu20-times larger vehicle transportation range, desgie
a considerable amount of heavy metals. This makésur times lower energy-conversion efficiency. Thss
them by far the most dangerous environmentdhe reason why batteries in electric vehicles (for
pollutants. The US Environmental Protection Agencgxample in Roadster Tesla) represent more than one
(EPA) estimates that coal fired power plants are trthird of the vehicle's total weight. The ratio beam the
source of some 40 % of the anthropogenic mercugroduction cost, life span and density of the
emissions (Chinese coal-fired power plants alongccumulated energy just does not make electriaccigshi
produce 600 tons of the mercury emissions every) yeg@conomically sound for mass production.
[29]. This kind of pollution has worse consequences The cost of batteries for electric vehicles is fz t
the living environment than CO2. moment very high. It is impossible to predict théce
trend of rare metals and lithium (Section 6) inecag a

sudden mass production of lithium-ion batteries.ties
11 INTHIS WORLD NOTHING CAN BE SAID TO total sales of electric vehicles are negligible paned

BE CERTAIN , EXCEPT DEATH AND TAXES to traditional vehicles, certain countries offererv

One of the alternatives to the @mission market Subsidies for this kind of purchases. _ _
is introducing a worldwide carbon tax. Here, an Another serious issue of electric vehicles is dlwo

important role is played by politicians and thé'nfrastru.cture requirgd f0( t.heir recharging: Thuestcof
traditional opposing to new taxes. A former Sloeeni aPPropriate system is definitely far from beingahe
minister, dr. Mihael Tomsj once said: »A lot of 4
economists are pro new taxes, but politicians have
panic fear against this option«. Despite this, di
Bogomir Kova& expects the carbon tax to prevail in
future: »In the C® market, we have regulated the
amount of emission coupons, but have left the prtoe
be defined by the market itself. As to the tax wetlie
prices and vary the amounts«. .- + ==
A possible approach to taxing carbon is to change t = -
so called »carbon footprint«. In Slovenia, there ar Figure 12. Electric car:
few people opting for this solution. Namely, thergmn a) in 1919 [30]
or body granted the national concession for sdidigc b) in 2010 [31]
would never have to worry about his/her financtatuss
and the citizens should have to pay just one maxe t
and many might ask themselves if they can soonaxpe
a tax on the air they breathe.




254 MIHALI C

13 THE LAST DROP OF OIL IS BEING from the current consumption of natural gas inWsA,
CONSUMED these resources would suffice for 100 years.

A careful examination of the past estimations df oi

availability in the world shows that it is sufficiefor 40 a) | service Rie )

years. This estimation remained unchanged for ake | LAght Sandfaoms Moy o
f | ite findi P Slf;‘e’nﬁ:fk ' FracPumper reduced development costs and

40 years for several reasons. Despite finding néw o troased e arbuat ol rasarivs

fields lately, the oil consumption is higher thamet = vo - * which can be recovered.
amount of oil in the new fields. The increase in
production is possible due to the improved drilling
technology used and increased drilling depth insise.

A very comprehensive movie clip can be found og thi
subject in [32] and photos/pictures in [33] and][RBy

using new technologies, the old already abandoiled o
resource locations can be further exploited. Howeve
despite this fact, all the known resources willdoained
out sooner or later, even though perhaps not aa$ais
certain pessimistic scenarios. Of course, this moll be
a sudden event, but it will take a longer periodiwie
in which the oil prices will be constantly increagi
With other words, cheap oil will cease to existw are
willing to pay more for oil (for example 150 or 2@0
per barrel), the available kerogene resources In oi Baxter__
shales and bituminous sands can be estimated for Mancos
another 40 years. Of course, oil production priaes Monterey »
higher by using kerogene, but still at least tanes MeClure, ' P w8 —

Cane Creek 4, y A5 ——Chattanooga

cheaper compared to certain so-called »green Hovenweep

Lewis and Pigtre

technologies«. Mancos

97tcf Palo Duro

b) Shale Gas Basins In The United States

Mowry  Gammon  Exgello/Mulky
Bakken | NewAlbany
' [ se-te0ter

Antrim Horton

35-76 tef / Bluff
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14 THE LAST BREATH OF NATURAL GAS LS B

Pearsall Woodford

The situation is even more promising with naturas g
resources. In the last years, economically expiteta
natural gas resources have drastically increasetl an
therefore a few years old estimates are more & IeE
useless. The reason lies within the development Q
techn(_)logy for extracting gas from oil shal_es. that Article, a large deposit of oil shale is alsoated
This technology, developed in the United States, §nder the northern part of Slovenia

based on horizontal drilling holes used for pumping '
water and sand under very high pressure. In thisaila

shales around the drilling hole crush and creatersé 15 CONCLUSION
cracks. The sand is used to retain these crackkein
material, which are a source of the previously wegut

natural gas. Of course, more details about th

Figure 12. a) Gas production from shale [35]
b) Shale deposits in the USA [36]

tely, an article was published in the newspapelioD
out oil shale resources in Europe. As it was shiow

Based on publically available data the author
highlights the issue of transition from the claakic

hnol buSi d theref nergy sources to the renewable ones and of some
technology are a business secret and thereforeSergy |40 socially-accepted beliefs of a questionable

for the public knowlgdge. Despite being e}vailabﬂﬂeyo _credibility. The field of energy production is, oburse,
from 2005, the majority of natural gas in the US i 00 vast to be described in a single work. The @uth

obtalnedh n tt:|s maknner._l Thﬁ Iadvantage of _su" lieves that the majority of the population islimed
approach 1S 10 make oll shale an economically,,qys optimally environmentally friendly energy
exploitable source of oil, espemally those witHoav _production. We all want “clean”, always available,
level of kerogen. Such resources in northern Araeri niversally usable energy at an acceptable pric. Y
cover vast areas (for example_ Marcellus Shgle nothing is for free and energy conversions always
approx[mately 130 000 k?)) according to conservative require a price to be paid, be it by the environtrem
estimations, such resources can produce gas esumat%xpayers. New technologies (wind, solar power

in the am_ounr: OLSfoAurOteres the _equll_vkalegt ;.L OIIplants...) are still an open issue at least in tesfrtheir
resources in the . Other countries like Bra a.availability and price.

China also have huge amounts of oil shale. Judging
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It is briefly shown that the “environmental impact”How can we be an example for free people if we
of the so called “green sources” is relatively &rgourselves do not feel free? This is why the Author
compared to some classical energy sources and tlagrees with Dante Alighieri in drawing his conchrsi
ignoring dependency on importing the needed madseriathat:
can in fact further increase energy dependencygesin  “The hottest parts of hell are reserved for those,
new technologies are based on some rare materialho, in times of great moral crisis, maintain their
whose production has been monopolized. The exampieutrality”.

of the Danish “eco-state” is examined and assefseed
an angle usually not seen by the public. A conoluss
drawn that biomass and ethanol do not consideral
affect the fossil-fuel dependency.

Some believe that the anthropogenic,@missions
are to be blamed for climate changes and prometasid
of capturing and storing them in the process ohimgr
fossil fuels in order to prevent them from enterthg
atmosphere or taxing them. Irrespective of the that
author believes C£Xo be completely harmless [39], this i
work shows that neither of the two ways is feasdiea .
global scale.

Although the concept of the electric car is highl
tempting the problem of an adequate mean of etedtri
energy storage, necessary for a wider use, it loas
been sufficiently solved yet.

Humanity will continue to be dependent on fossi
fuels for quite some time. Luckily, they will noebun
out as quickly as some may fear. This, howeverulsho
not be the reason for humanity to stop developin
environmentally sound energy sources. It woul
however be appropriate to focus our means andtgffor
available in this present time of energy well-being 2]
researching and developing technologies producing
some added value for the society as well. Theneois [3]
point in subsidizing the already underpaid workpoime
China and its often environmentally controversial4]
production. Furthermore supporting the sector, whos
only aim is ripping off taxpayers and gaining piokd [5]
power for some is socially unacceptable. Stuffing,C 6]
underground and having it taxed is already a ncmser%ﬂ
dearly paid by the Europeans. If taxpayers allovibéo
burdened by a tax on the “carbon imprint”, thislwi¢  [g]
yet another large step in the series of nonsensds a
limitations of personal freedom (as well as filling
wallets for some). Resources spent in vain andrtist
of many people lost will make the use of new9l
technologies more difficult at a time when this lwil
actually be a necessity. [10]

Despite the arguments presented here, some will ﬁfl]
course not change their beliefs for whatever reakisn ;]
may be, be it because of their religious attitumeatrds
the topic or because of their personal interesterd
was an interesting response in the Delo newspaper b
reader who has been active in the field of powdi4]
management for quite some time. He believes the
position we face with regards to wind and nuclea>]
power plants is not in place. The author believed t [16]
our academic freedom commits us to think outsiae tl'[17]
box and also to address issues of a less desinablee.

[13]

Figure 13. Dan
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