Premog

sezigna toplota

(MJ/kg)

http://lwww.eia.doe.gov/cfapps/ipdbproject/IE
Dindex3.cfm?tid=1&pid=1&aid=10

1 kg "standardnega”
premoga
(coal equivalent) =

29.3 MJ/kg =
8.14 kWh
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Total Pnmary Coal Production (Gton)
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LETNA PORABA PREMOGA

DOE statistika racuna z:
1 short ton=907 kg = 2000 1b

~6 Gton Crni premog, ~1 Gtona lignit

povprecna sezigna toplota 24 MJ/kg

kWh/dan/osebo
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.
MERR R R R

*

1980 1985 1990 1995 2000 2005 2010

http://www.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=1&pid=7&aid=1&cid=&syid=1980&eyid=2009&unit=TST



proizvodnja Gton Premog
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http://www.bp.com/liveassets/bp_intern
et/globalbp/globalbp_uk_english/report

s_and_publications/statistical_energy
proizvodnja in poraba premoga po regijah review_2008/STAGING/local_assets/2
(kwWh/dan/osebo) 010_downloads/coal_section_2010.pdf

PODATKI ZA 2008

O proizvodnja
@ poraba

S Evrazija = bivsa
& & Sovjetska zveza




Komercialno dosegljive zaloge
premoga 2008 (2005) (Gton)

Svet: 860 (840) Gton

http://www.eia.gov/cfapps/ipdbproject/i
edindex3.cfm?tid=1&pid=7&aid=6&cid
=ww,rl1,r2,r3,r4,r5,r6,r7,&syid=2008&e
yid=2008&unit=MST

Drugi viri - rezerve:
MacKay: 1600 Gton
BP-2009: 850 Gton

Rutledge: ~400 Gton

. Central & S. America

Middle East
Eurasia
Asia & Oceania
Africa

North America

IPCC: 5000 Gton

Pol rezerv ¢rni

0 50 100 150

200

250

premog, pol lignit
|

Pri danasnji letni porabi ~7 Gton/leto je

na planetu Se za ~100 do 200 let
premoga.
(Poraba premoga narasca!)

rezerve na prebivalca planeta danes:

priblizno 1 milijon kWh/Cloveka



Termoelektrarne na premog

Pulverized coal combustion

Stack A T—

Coal supply H] Electricity Z _." | £}
i >4l
s N\NCA
Conveyor N

Steam turbine

Generalor
Pulveriser/Mill

Substation/
transformer

Ash systems Water purification | =)
vir: World Coal Institute

http://www.worldcoal.org/coal/uses-of-coal/coal-electricity/



Napoved porabe premoga in izpustov CO2
MIT poroCilo, The Future of Coal, 2007

Premog bo ostal pomemben vir energije!

Table 1 Exajoules of Coal Use (EJ) and Global CO, Emissions (Gt/yr) in 2000 and 2050

with and without Carbon Capture and Storage*

LIMITED NUCLEAR EXPANDED MUCLEAR
BUSIMESS AS USUAL 2050 2050
2000 2050 WITH CC5 WITHOUT CCS WITH CC5 WITHOUT CC5

Coal Lse: Global 10 448 161 116 121 78

Ui 24 58 40 28 25 13

Ching 27 83 ko 24 31 17

Global CO, Emissions 24 62 28 32 26 29

(0, Emksions from Coal 9 32 5 9 3 &
* Universal, simultaneows par ticipation, High (0, prices and EPPY-Ref gas prices.

CCS - Carbon Capture and Storage



Nove tehnologije izrabe premoga:

IGCC Integrated Gasification Combined Cycle

Diagram:
Stan Zurek,
Wikipedia

diluant nitrogen saturator Hy O+ C0y
. J g acid
gas
cnld L..*- cooling
o *water remaowal
_ & =) '
f raww - EtEEr-TI
oxygen syngas 3 fittar 55 psig
2100 TPD e
air clean syngas SRR
dryer _*l ¥yng *
product . generataor
4 Cormpressors ] . COS=H,5 ar ; bu 190 MW
i Fedrahis
- 20Mw yelrelysis clean
. stack
main Elr f B
‘t cormprassor water 935.‘ mmb;imn
30 MW scrubber turbine
heat recovery "W
steam generator
coal 2530 TPD
rod mil pumeg generatar
[|—_3. E’ saturated stearm 1600 psig 120 MW
water and econ om [ zed
boiler feed water
recycle fines
conden ser
purmp lockhoppear *‘:MI"Q
Lp- — condensate pump wat er

Sistem uporablja vecCina novih plinskih elektrarn. V elektrarnah na premog Se ne.

slag and water

Izkoristek premogovnih elektrarn 40-55% ?

Christou et al. Third International Conference on Clean Coal Technologies for our Future, 15-17 May 2007, Sardinia, Italy


http://upload.wikimedia.org/wikipedia/commons/9/96/IGCC_diagram.svg

"Nove" tehnologije:

- CCS - Carbon Capturing and Storage
CCS bo porabil ~ ¢etrtino proizvedene elektrike termoelektrarne
(MacKay)

lanning
' P

9 s ——In process

completed

AN e = vir: Science,
Q . 'S special issue
74 13 Aug, 2010

\{
skupaj ~15 Mton/leto CCS

- premog -> tekoca goriva (emisije: ~10 Gton/leto)

- uplinjanje premoga pod zemljo



Okoli Cetrtina premoga gre za proizvodnjo jekla in cementa (~2 Gt

od 7 Gt) vir: http://www.worldcoal.org/coal/uses-of-coal/coal-cement/

manj kot 1 Gt premoga se prodaja na svetovnem trgu, vecino se
porabi v drzavi proizvodnje http://www.worldcoal.org

transport predstavlja velik del cene

http://www.indexmundi.com/

2350
200
150
100
50
0

Coal, Australian thermal coal - Commodity Prices Value Cena Avstralskega
premoga v $/tono.

(Avstralija - najved;ji
izvoznik - proda 0.25

w Gton premoga)
sezigna toplota: 29

MJ/kg

~0.01 EUR (%) za kWh

sep.81
jun.84
mar.87
dec.89
sep.92
jun.95
mar.98
dec.00
sep.03
jun.06
mar.09




Premog v Sloveniji - 24 kWh/dan.o
(6.4 elektrika, 2.5 toplota, 14 odpadna topl., 1.3 industr.)

Velenje - lignit 10-11 MJ/kg, 4 Mton/leto = ~16 kWh/dan.osebo

TE Sostanj (3. bloki, skupaj ~700 MW) iz velenjskega lignita proizvede
~1/3 SLO elektrike (~5 kWh/dan.osebo) in nekaj koristne toplote
(~1 kwWh/dan.os) (premogu letno dodajo ~0.9 kWh/d.o plina)

TE Trbovlje ~0.9 kWh/dan.o - se ustavlja (zapiranje premogovnika)

TE-Toplarna Ljubljana ~9kWh/(dan-preb.Ljubljane)
gorivo - Indonezijski premog (17-19 MJ/kg) in lesna biomasa

~aloge: Kolicina
ge. [MWh/osebo]

Velenje 181 ~40 let
Sostanj 87

Trbovlje - Hrastnik 36
Goricko 2017

Y= 7/<e




Energija v Sloveniji 2008 (statisticni letopis 2008)

Oskrba z energijo

122 kWh/osebo/dan

8

INll|aougo

trda o
tekoGa goriva 45 zemeljski|  jedrska
plin 15 26

goriva 24

G oJpy

> . VEC na spletni strani
elekt- |8 e predmeta - seminar 2010:
rika S | ~14 odpadna toplota = _

D - M. Vitek: "Premog"
6.4 D ©

TES, kot glavni proizvajalec (7.2 kWh/o/d), porabi za svoje potrebe 12 %
proizvedene elektrike, nttp:/mww.te-sostanj.siffilelib/bilten/bilte08.pdf str. 17



Nafta

sezigna toplota

(MJ/kg)

http://www.eia.doe.gov

1 kg nafte =
1/1000 toe =
41.9 MJ/kg =
11.63 kWh

(Sudan-min)

Libya
Russia

Middle East

Venezuela
Canada

(Syria-max)

35

40

45

50

gostota 0.75 do 1 kg/l




100000 -

Total World oil production/consumption

PORABA NAFTE

90000 xxxxxxxx’_‘xxxx 4
80000 4 Xxx .y sexex XXX " : : : vy s
& 70000 - ! . proizvodnja se meri v sodckih
2 60000 N S
© v
8 50000 - h- 1 sod&ek surove nafte =
© 40000 . S :
S 30000 {  —Production g 159 litrov ...
20000 - ——consumption 1 136.4 kg
10000 - x crude oil distillation capacity ]
. | | | A 5.75 GJ ... 1600 kWh
1980 1990 2000 2010 400 kg COZ
25
! Total World oil consumption (TW) 24 - Total World ol consumption
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) \/—/_\/—_\/ 22 -
4 21
3 20 A
5 | 19 -
18 -
1 .
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0 ‘ ‘ ‘
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http://www.eia.doe.gov




Zaloge nafte, februar 2009 (Gton nafte)

http://www.eia.doe.gov/emeu/international/oilreserves.html

Asia & Oceania

Africa

Eurasia Middle East

DOE - skupaj svet 2009: 183
BP 2011: 189 (1980: 91)

Central & S. America

North America

0 20 40 60 80 100

120

1 toe = 11630 kwWh ... 2.9 ton CO,




Zaloge nafte, februar 2009 (1000 kWh/osebo)
(6.7 milijard ljudi)

vir: US-DOE

Asia & Oceania

Europe Skupaj svet 320000 kWh/osebo.
Central & S. America Pri dana$nji porabi nafte
North America zaloge zadosc€ajo za ~50 let.
0 50 100 150 200

Glavnina zalog:

Libija 10, Nigerija 9, Rusija 14, Venezuela 24

Saudska arabija 63, Iran 32, Irak 27, Kuvajt 25, UAE 23

Kanada 42 (naftni skrilavci - v "uradni rezervi' od 2003)

Samo v Kanadi (Alberta) so ocenjene zaloge v obliki naftnih skrilavcev
priblizno enake svetovnim zalogam nafte (National Geographic, Marec 2009)




Proizvodnja in poraba po regijah
v 2010 (Gton)

od skupno 4 Gton nafte jo je
na mednarodnem trgu v letu

14 2010: 2.6 Gton (vir: BP)

< O proizvodnja
c).q* & M poraba




2008 $/BARREL

cena za sodcek

$100

$80

$60

$40

$20

$0

Crude Oil Prices

2008 Dol

lars

OPEC 10 % Quota Increase

PDVSA Strike

Back to Corterts Sourcekey Date

o . . Iraq War
Asian financial Crisis Asian Growth
i
Iran 7 Iraq Weaker Dollar
War Series of OPEC Cuts
\(\ 4.2 Million Barrels /
Iranian
Revolution -
Suez
Crisis
. Yom Kippur War iu" /\
Oil Embargo I \‘l \ ar /
AW A
o F i L_.l'
U.S. F‘r:ce v 7 Recession
Controls 911
rrrrrrrrrrrrrrrrrrrerrrrrrerrrrrrrrrrrrrrrrrrTrT T T T T T T T T T T T S P S PP 0
71 91 e
49 53 57 &1 65 69 T3 77 81 B5 89 93 97 01 o5 09

Avg U.S. $26.64

1947 - August, 2009 WTRG Economics ©1998-2009 jan 2009 -
— U.S. 1st Purchase Price { Wellhead ) =— "World Price"*

www.wtrg.com
(479) 293-4081

Avg World $28.68 —— Median U.S. & World $19.60

2009: 60$/sod = ~0.04 EUR ($) za kWh

sep 2012
tekoGa cenav $



Products Made from a Barrel of
Crude Oil (Gallons)
(2010)

Other Distillates
(heating oil) — 1 .

Heavy Fuel Qil

(Residual) — 2 \
Liquefied v/
Petroleum Gases
(LPG) — 2

http://www.eia.doe.gov/energyexplained/index.cfm?page=oil_home

Note:

A 42-U.S. gallon barrel of
crude oil yields between
44 and 45 gallons of
petroleum products.



Energija v Sloveniji 2008 (statisticni letopis 2008)

Oskrba z energijo

122 kWh/osebo/dan

> o
2. (® 9
trda goriva x - zemeljski|  jedrska S| 3
” tekoca goriva 45 olin 15 - S g
C
Z
24 dieselsko gorivo 11 bencin 9 kurilno olje 2
o1

Priblizno (podatki po frakcijah v
tabeli 19.6 StatistiCnega letopisa so
podani v 1000 tonah in ne energiji)!

Proizvodnja elektrike je zanemarljiva

UNP - utekoCinjeni naftni plin




Nafta - Slovenija
45 kWh/dan/osebo

Poraba 2008:
650.000 ton = 11 kWh/dan.o bencina
1420.000 ton = 24 kWh/dan.o dieselskega goriva
533.000 ton = 9 kWh/dan.o kurilnega olja
85.000 ton = 1.5 kWh/dan.o utekocCinjen naftni plin
Distribucija:

430 bencinskih Crpalk

Dnevno se pretovori ~7000 ton nafte in derivatov (~200 cistern)

vir: statistiCni letopis,
podatki za 2008.



Zemeljski plin

55

I
sezigna toplota (Greece-max)
(MJ/ m3) - Poland-min |

1 Algeria
Iran
http://www.eia.doe.gov Russia
United
States
1 Sm3 plina = 25 35 45
37.86 MJ/m?3 =
10.52 KWh

etana ali ostalih primesi.

zemeljski plin - preteZzno metan, do 20%




—— production

—— consumption

World natural gas production (1012 Sm3)

PORABA ZEMELJSKEGA PLINA

proizvodnja se meri v ft3 0z. m3

Standardni (S)m3 - 1 m3 plina
pri tlaku 1,01325 bar in
temperaturi 15 °C

= 37,862 MJ (GCV)

1985 1990 1995 2000 2005 2010 2015

= 34.076 MJ (NCV)
= 0.68 kg

World natural gas production (TW)

1980

1990 2000 2010

Total World natural gas production
(kwh/day/person)

1995 2000 2005 2010

http://www.eia.doe.gov



Zaloge zemeljskega plina, 2009
(10%2 Sm3) (vir: eia.doe)

Asia & Oceania

Middle East

1 Eurasia
DOEskupaj svet 2009: 177
Cent. & S. America
| BP 2010: 187 (1980: 81)
North America
0 10 20 30 40 50 60 70 80

2009: poraba ~3.5

zvecanje razpolozljivin zalog ~2.2

Nekonvencionalne zaloge plina (v naftnih skrilavcih in premogu): ~200 T Sm3
ZDA v 2009 iz njih ze pridobijo del svojega plina (vi. EUROPEAN ENERGY

REVIEW, Unconventional gas, 21 June 2010)
Glej Se: http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml



http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml
http://web.mit.edu/mitei/research/studies/natural-gas-2011.shtml

Zaloge zemeljskega plina, 2009
(1000 kWh/osebo), (6.7 milijard ljudi)

Asia & Oceania

Africa Middle East

Eurasia

Cent. & S. America

North America

0 20 40 60 80 100 120

Glavnina zalog:
ZDA 10, Alzirija 6, Rusija 67,

Saudska Arabija 10, Iran 40, Skupaj svet 250000 kWh/osebo.
Katar 34, UAE 9

Pri danasnji porabi plina

zaloge zadosc€ajo za ~50 let.



Proizvodnja in poraba nafte in plina po regijah
v 2008

1.2 plln

i |_' | m |_I TI Priblizno tretjina

svetovne proizvodnje

1.4 plina je na
1.2 1 — mednarodnem trgu.
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cena plina

cif prices: cif=cost+insurance+freight ($/kWh)

0,07
¢ NG Japan A
0,06 - M natural gas EU A
0.05 - A OECD crude ol 4
0,04 - ‘w
A A 1]
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2015

plin danes: ~0.03 EUR za kWh




Transport plina v 2009

plinovodi: 0.634*101? m3
LNG: 0.243*1012 m3

LNG: Liquified Natural Gas

transport in skladiS¢enje pri -160 °C
in tlaku ~1 bar.
(Tlak nasiCenja pri -160 °C je 1.14 bar)

Major Russian Gas Pipelines to Europe

[To Shiokman fieid ] ‘% = [To Yamal fields },

—  (Gas pipeline
- Proposed gas pipeline

Member States of the
European Union

Russia

\
'
. aVyborg /
= 3, ~ ¢ Volkhov

\“

r N
'

R RSPty o st 2 N

5 e {
l’ o
=3 ¥
‘\ﬂ.—\j“.;*‘
LI N
. '\T‘ s -

Wediterranean Sea Y% o

% . slikiz wikipedia ...

EU skladis¢a: 0.08*1012 Sm3
(~15% letne porabe)

(www.eurogas.org)



http://upload.wikimedia.org/wikipedia/commons/d/d7/Major_russian_gas_pipelines_to_europe.png
http://upload.wikimedia.org/wikipedia/commons/2/20/Methanier_aspher_LNGRIVERS.jpg

Plin v Sloveniji 15 kwh/dan.o (~10° Sm3/leto)

9 kWh/dan.o industrija

2.4 Termoelektr.-toplarne (0.6 elektrika, 1 toplota, 0.8 odpadna topl.)

2 gospodinjstva

2 ostalo

vir: statisticni
letopis, podatki
za 2008.
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Energija v Sloveniji 2008 (statisticni letopis 2008)

Oskrba z energijo

122 kWh/osebo/dan
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Metan - toplogredni plin

Metan - za CO, najpomembnejSi toplogredni plin.
Bistveno bolj uCinkovito opravlja funkcijo tople grede kot CO,:
Od 1750 se je koncentracija CH, povecala s ~0.7 na 1.7 ppm. Zadnjih 10 let stabilna.

1 kg CH, je ekvivalent 21 kg CO,. za 100 let (definicija IPCC)

CH, prispeva priblizno 1/4 CO, ekvivalenta k uCinku tople grede
(poveéanje koncentracije CO, z 280 na 390 ppm).
Po ~10 letih v ozracju razpade v CO, .

Viri metana v ozracCju (http://www.epa.gov) Se posebej ocene naravnih virov so zelo negotove:
- polovica - naravni viri (pretezno mocvirja in taljenje permafrosta)
- polovica - Cloveski izvor:
- 3.1 Gt CO,e - kmetijstvo, prebava domacih zivali 1.8, riz 0.6, gnojenje 0.2
- 1.3 Gt CO,e - smetiSca 0.7, Cistilne naprave kanalizacije 0.5
- 1.8 Gt CO,e - energetika, zemeljski plin in nafta (1 Gt), premog (0.4 Gt)
(Stevilko so nenatancne...)



http://www.epa.gov/
http://www.epa.gov/
http://www.thekitchn.com/thekitchn/cheese/all-about-cows-the-cheesemonger-095171

