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Uvod

Aktualni témata tykajici se

obnovitelnych zdroji energie,
uspor energie,
ochrany prfed radioaktivnim zafenim a

bezpeCnostnich  pravidel  jadernych
elektraren

=» odrazeji chovani lidské spolecnosti
(soucCasn¢ 1 budouci)

Jako primarni se pak jevi otazka spotieby
energie a dostupnych zdroju energie.
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s P11 souCasném narustu kolem 2,5 % rocni
spotfeby energie, bude lidstvo potiebovat v
r. 2040 az 2/3 vice energie

» CR je soudasny vyznamny exportér
elektiiny - pokud u nas spotfeba energie
naroste — bude potieba nové bloky JETE
nebo postaci budovat obnovitelné zdroje ?

ednaska uvadi prehled souCasného stavu hospodateni s
lergii ve sveté, zejména v zemich stfedni a vychodni
ropy (CEEC), v zemich Evropsk¢ unie (EU) a
inovanymi vyhledy do budoucna.

Doc. RNDr.Petr Sladek, CSc.
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Produkce elektriny a tepla byva casto diskutovana
jenom z technologického hlediska, ale pritom je
potreba brat v avahu i otazky

- ekonomickeé

- politické

- socialni

—>vSe musi byt vhimano jako jeden komplex.

s Napr. cena za rocni otop RD v CR

http://vytapeni.tzb-info.cz/tabulky-a-
vypocty/138-porovnani-nakladu-na-vytapeni-
tzb-info

Krize na Blizkém vychodé = rust/pokles cen
ropy a zemniho plynu, vyvoj kursu $, €

irny pokles ceny elektfiny po spusténi
ETE, dnes otop elektrinou (akumula¢nimi
amny) blizky otopu plynem
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Statisticke studie jako napt. Key World Energy . Statistics 2014
(IEA) ukazuyji, Ze trvale udr21telny rozvoj je mozn¢ zajistit jen
harmonickym vyvazenim tii pilifu 3E, které zasadnim
zpusobem ovliviiuji a jsou ovlivﬂovémy lidskou Cinnosti:

s Ekonomika (a z ni vyplyvajici potieba energie)

s Energetika (dostupnost zdroju)

s Ekologie (vliv tézby surovin, a vyroby a spotieby
energie na Zivotni prostiedi).

Je jednoznacné prokazano, ze ekonomicky rust je doprovazen
feby primarni a predevsim elektrické energie (1 pres
ticka opatieni), a uspokojovani rostoucich

otfeb prinasi nevratne zasahy do Zivotniho

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno



Tri hlavni oblasti
spotreby energie

= \Vyroba tepla (topeni + potfeba tepla
v prumyslu)

= \Vyroba elektriny

= Doprava (prima spotreba paliva)

Nejlepsi cestou je vsak hledani
moznosti uspor energie.
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= V soucCasné dobée zije na Zemi vice nez
7,3 miliard obyvatel s prumérnym ro€nim
prirustkem 1,3%.

s Kazdych 12 let se poCet obyvatel zvysuje o
1 miliardu. 79% svétove populace zije v
mene vyvinutych zemich (Asie, Afrika,
Latinska Amerika). Prirustek této populace
je 1,6% rocné, az polovina obyvatel v méné
vyvinutych zemich je mladsi 15 let,

m zVySujici se lekarska a socialni pécCe vede

dluzovani zivota, dochazi k vyssi

ci obyvatelstva do mestskych

eraci s vyssi spotrebou energie.

Doc. RNDr.Petr Sladek, CSc. 7
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Presto dosud:

s nejmené 2 miliardy této populace nema pristup k
elektifiné

a 1,3 miliardy nema pristup k nezavadné pitné vod¢
s 2.4 miliardy pouziva biomasu pro vareni a vytapeni
s 2,5 miliardy lidi zde zije za mén¢ nez 2US$/den.

Téchto 79% svétove populace se zatim podili na
spotrebe encrgie jen 35%.

nastartovany ekonomicky rust v

ionech jako je Cina (rtist HDP 6% ro¢né)
Sen¢ energeticke potfeby (soucasny ro¢ni
by elektricke energie 8-10%).

Doc. RNDr.Petr Sladek, CSc.
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s Otazkou ovSem zustava, kam se budou
ubirat ceny vyrabené elektrické energie s
ohledem na soucasné vykyvy cen surovin a
spolehlivost dodavek fosilnich paliv.

= | pres vysoke investicni naklady na vystavbu
jaderné elektrarny (60% pro jadro, 25% pro
uhli, 15% pro plyn), jsou vzhledem k velmi
nizkym palivovym nakladum (10% pro jadro,
45% pro uhli, 80% pro plyn) celkoveé vyrobni
naklady elektrické energie v jaderné
elektrarne velmi konkurenceschopne a v

LA "4V 4

avic svétové ceny uranu zustavaji
louhodobé na nizké a stabilni Urovni.
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Emise CO,

s S velkym znepokojenim je oCekavano, ze
sveétove emise CO, ze spalovani fosilnich
paliv vzrostou

m 7z 21Gt (gigatun) CO,/rok v r. 1990 na
45 Gt CO,/rok v r. 2030.

m Soucasna jaderna energetika "Setti" Zivotni

rostfedi eliminaci asi 2,4 Gt CO,/rok.

1Gt =1 gigatuna = 10°tun

Doc. RNDr.Petr Sladek, CSc.
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s Uhelna elektrarna o ekvivalentnim vykonu
1000 MW, spotiebuje rocn€ 2—6 milionu tun
paliva (podle typu uhli) a vyprodukuje
6.500.000 tun CO, (960 t CO,/GWh).

= Analogicka plynova elektrarna spotiebuje rocné
2-3 miliardy m3 plynu a produkuje 480 t
CO2/GWh.

s Olejova elektrarna steyného vykonu spotiebuje
rocn¢ 1.500.000 tun topného oleje a produkuje
730 t CO,/GWh.

W, =1 megawatt = 10°W vyrobené
ve formé elektiiny

Doc. RNDr.Petr Sladek, CSc.

KFCHO PdF MU Brno "




» Elektrarna na spalovani biomasy o
steynem vykonu by predstavovala
zabor pudy pro péstovani biomasy na
rozloze 6.000 km?2

m V¢étrna elektrarna by zabrala 100 km?2
a slunecni 50 km2.

Naproti tomu bezemisni jaderna
elektrarna o vykonu 1000 MWe
spotiebuje roné jen 35 t paliva a
zabira rozlohu nékolika km?2.

Doc. RNDr.Petr Sladek, CSc. 12
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Pri  rozhodovani o nejnovejsim
evropskem jadernéem projektu -
novem 5. finskem energetickém
bloku dospél investor ve svych
analyzach pri vyberu zdroje K
nasledujicim vyrobnim nakladum
pro ruzné typy elektraren:

jaderna 2,4 €centech/kWh
uhelna 3,2 €centech/kWh
plynova 3,2 €centech/kWh
biomasa 4,0 €centech/kWh

vetrna 5,0 €centech/kWh

Doc. RNDr.Petr Sladek, CSc.
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Pritom usporna opatreni (predevsim
snizovani energetické narocCnosti pri
vyrobé a spotrebé energie) v prumyslové
vyspélych zemich povedou ke snizeni
podilu téchto zemi na emisich

ze 70% v r. 1990 na 42% v r. 2030.

Nva()[),ak, extrémni absolugni nérﬁst, Le
ocekavan _v  rozvojovych  zemich,
redevsim Ciné a Indii.

Doc. RNDr.Petr Sladek, CSc.
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Trendy svetoveho
vyvoje trhu s energii

s Konecna potreba energie byla urCovana
zejmeéna dopravou a  tercialni-
domacnostni sférou.

s Potencial pro dalSi potiebu energie je
obrovsky zejména v rozvojovych
zemich.

Doc. RNDr.Petr Sladek, CSc.
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s Palivovy koS se zménil ve prospéch
zemniho plynu, ale ropné produkty
stale zustaly dominantni slozkou.

s Zem¢ OECD zvysily svij podil na
svétove produkci energie.

s Svétove emise CO2 vzrostly o 8% od
roku 1990.

Doc. RNDr.Petr Sladek, CSc.
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Jednotky (zakladni)

= Joule (J) - systém Sl

= Kalorie (cal)
ohrev 1g vody 0 1°C z 14,5 na 15,5°C
kcal — 1 kg

kcal = 4186 J

owatthodina (kWh) 1
h=3600000J =3,6.10°

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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Britsky systém (lb, °F)

= Britska tepelna jednotka (Btu)
1 Btu = 1055 J

Doc. RNDr.Petr Sladek, CSc.
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Jednotky makroekonomiky

= Exajoule (EJ) Terajoule
1EJ = 10'8J 1Td =10"2J

= Gigawatthodina (GWh)

1GWh = 3,6 x10"7%J =3,6 TJ

Tuna ekvivalentu ropy (toe)

1toe = 1,07x10"%cal =0,447 TJ

Tuna ekv. uhli, ekv. ft3 plyn

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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Prevodni tabulka

2.388 x 107

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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s TPES (total primary energy supply)
celkove primarni zdroje energie

= Combustible renwable & waste
biomasa+bioplyn + spalovny odpadu

m [FC (total final consumption)
celkova spotreba koncovych uzivatelu

International marine bunkers
nozstvi ,ukryté” enrgie v tankerech
lujicich pod ruznymi vlajkami

Doc. RNDr.Petr Sladek, CSc.

KFCHO PdF MU Brno 21



Primarni energetickeé zdroje

World

World' total primary energy supply (TPES) from 1971 to 2014 by fuel (Mtoe)
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Primarni energetické zdroje - kolac

1973 and 2014 fuel shares of TPES

1973

Biofuels and waste

(1]

0.9%

Other’
0.1%

10.5%

6 101 Mtoe

2014

Biofuels and waske Other®
10.3%

13 699 Mtoe

1. World includes international awiation and international manne bunkers.
2. In these graphs, peat and oil shale are aggregated with coal.

3. Includes geothermal, solar, wind, heaf, efc.

Doc. RNDr.Petr Sladek, CSc.
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Deleni na regiony

s OECD

= Non-OECD Evropa

s Zeme byv. SOV. svazu (kontinuita dat)
Afrika

Asie

Cina

Stredni vychod

Latinska Amerika

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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Regiony - OECD

organizace pro ekonomickou spolupraci a rozvoj

» Rakousko, Belgie, Kanada, Cesko,

Dansko, Finsko, Francie,
Némecko, Recko, Madarsko,
Island, Irsko, Italie, Lucembursko,
Norsko, Nizozemi, Polsko,
Portugalsko Slovensko
Spanélsko, Svédsko, Svycarsko
Velka Britanie

Australie,Kanada, Japonsko,
Korea, Mexiko, Novy Zéland,
Turecko, USA.

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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Non - OECD Evropa

= Albania, Bosnha a Hercegovina,
Bulharsko,Chorvatsko, Kypr,
Makedonie (FYROM), Rumunsko,
Srbsko a Cerna Hor, Slovinsko.

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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VVVVVV

= Arménie, AzerbajdZan, Gruzie,
Kazachstan,Kyrgyzie, Tadzikistan,
Turkmenistan, Uzbekistan

s Estonsko,Litva, LotySsko
s Bélorusko, Moldavie, Rusko,
Ukrajina

Doc. RNDr.Petr Sladek, CSc. 57
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Déleni podle regionu - zdroje

World

World total primary energy supply from 1971 to 2014
by region (Mtoe)

16,000
14000 |

0
w1 75 1980 1385 1830 19% 2000 2005 00 214

B oEcD ] Middle East B Non-OECD Europe and Eurasia

[lchina M asia B Non-OECD Americas [ Afica  [ClBunkers?
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Déleni podle regionu - zdroje - kolaé

1973 and 2014 regional shares of TPES

1973 2014
Mon-OECD Bunkars? Mrica Bunkers?
Amencas  Africa 2.1%
35%
Asia’ 5.5%

China7.0%

Non-0ECD
Europe
and Eurasia
15.5%

Middle East 0.8%

[ 6101 Mtoe | [ 13699 Mtoe |

1. Asia excludes China and QECD countries of Asia.
2. Includes international aviation and infernational marine bunkers.
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Produkce surove ropy

Crude oil production

Crude oil' production from 1971 to 2015
by region (Mt)

0
1971 975 1980 1985 1990 1995 200 2005 210 2015

B oecD
[] China

] Middle East B Non-OECD Europe and Eurasia
B Asia? B Non-OECD Americas [ Africa
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9% of T
Producers Mt world
total
Saudi Arabia ar2 13.2
_ Net exporters Mt
United States b67 131
Russian Federation| 533 123 | [S2udiArabia 304
Canada 221 51 Ru_sman Feder-atmn 222 Net importers Mt
People’s Rep. of China | 215 5.0 United Arab Emirates | 125 United States 244
Irag 124 _
Irag 175 4.0 o People’s Rep.of China| 308
lslamicRep. of ran | 168 | 3.9 | |V'9e"@ M g 189
United Arab Emirates | 160 | 3.7 | |¢@"ada 1941 ] japan 165
Kuwait 60| 37 | [Kuwat 101 1 liores 196
Venezuela 144 33 Venezuela I Germany 20
Angola 81 Soa 51
ain
Rest of the world 1416 327 Kazakhstan 64 p
World 4331 100.0 taly o
Others M | Vrrance 54
2015 provisional data
Total 1892 Netherlands 24
2014 data Others 509
1. Includes production of crude oil, NGL, feedstocks, additives Total 1958

and other hydrocarbons. Excludes liquids from other fuel sources
(renewable, coal and natural gas). 2014 data




Produkce plynu

Natural gas production

Natural gas production from 1971 to 2015 by region
(billion cubic metres, bcm)

1971 1975 1980 1985 1990 1995 2000 2005 2010 2015

B oEcD [ middle East B Non-OECD Europe and Eurasia
] China M Asia I Non-OECD Americas

. Africa
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% of
Producers bcm | world

total
United States 79| 214
Russian Federation 638 17.8
Islamic Rep. of Iran 184 51
Qatar 164 46
Canada 164 46
People’s Rep. of China 134 37
Norway 122 34
Saudi Arabia 87 24
Turkmenistan 83 23
Algeria 82 23
Rest of the world 1163 | 324
World 3590 | 100.0

2015 provisional data

T

Net exporters bcm
Russian Federation 192
Qatar 115 Net importers bcm
Norway 115 Japan "7
Canada 59 Germany 73
Turkmenistan 51 italy 61
Algeria _ 44 People’s Rep. of China 56
Indonesia 33 Turkey 48
Australia 28 Korea 43
Malaysia 25 France 19
Nigeria 25 Mexico 37
Others 143 | | United Kingdom 31
Total 830 | |Spain 27
2015 provisional data Others 280
Total 812

1. Net exports and net imports include pipeline gas and LNG.

2015 prowisional data

Doc. RNDr.Petr Sladek, CSc.
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Produkce uhli

Coal' production from 1971 to 2015
by region (Mt)

4000
8000 +
7000 +
6000 +
5000 +
4000 +
3000 -
2000
1000

0
191 1975 1980 1985 1990 1995 2000 2005 2010 2015

B oEcD [C] Middle East [ Non-OECD Europe and Eurasia
[C] China W Asia B Non-OECD Americas [ Africa
1973 2015
Non-OECD
Asig! Americas

3%

Non-OECD
Europe and

Eurasia
A Non-OECD
|, Europe and
Eurasia
8.1%
3074 Mt 7709 Mt
Petl’ S I éde k, CSC 1. Includes steam coal, coking coal, lignite and recovered coal.

Pd F M U B rno - 2. Asia excludes China and OECD countries of Asia. L




% of

Producers Mt | world
total
People’s Rep. of China | 3527 | 458 | |Net exporters Mt
United States 813 | 105 Ausiralia 309
India 0911 90 | indonesia 365
Australia 091 65 | pussian Federation| 129
Indonesia 469 6.1 Colombia 87
Russian Federation | 348 | 45 | o w Africa 76
South Africa 292 | 33 | | United States 57
Germany 185 24 | IKazakhstan 27
Poland 1961 18 | |canada 23
Kazakhstan 1071 14 1 1ppR of Korea 19
Rest of the world 61| 86 | |Mongolia 14
World 7709 | 100.0 | |Others E
2015 provisional data Total 1193

2015 provisional data

Net importers Mt

India 221
People’s Rep. of China 199
Japan 192
Korea 135
Chinese Taipel 66
Germany o4
Turkey 34
United Kingdom 25
Malaysia 24
Thailand 23
Others 233
Total 1206

2015 provisional data

Doc. RNDr.Petr Sladek, CSc.
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Produkce z jadra

Nuclear production from 1971 to 2014
by region (TWh)

3000

2900 1

2000 1

1300 1

1000 1

001

0
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B Non-OECD Europe B asia'  [Jchina [ Other?
and Eurasia

B oEcD
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e’

Net installed

% of
Producers TWh | world

total
United States 831 328
France 436 172
Russian Federation 181 71
Korea 156 6.2
People’s Rep. of China 133 5.2
Canada 108 43
Germany g7 38
Ukraine 88 35
Sweden 65 26
United Kingdom 64 25
Rest of the world 36| 148
World 2535 1000

2014 data

1. Excludes countries
with no nuclear production.

capacity s
United States 99
France 63
Japan 42
Russian Federation 25
People’s Rep. of China 24
Korea 21
Germany 14
Canada 14
Ukraine 13
Sweden 9
Rest of the world 60
World 384
2014 data
Sources: IEA,
International Atomic
Energy Agency.

Doc. RNDr.Petr Sladek, CSc.
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% of

Country huclear
(top-ten di"' tutaul
producers) elzcn:?ci ti'

generation
France 784
Ukraine 486
Sweden 423
Korea 287
United States 192
United Kingdom 190
Russian Federation 17.0
Canada 16.4
Germany 156
People’s Rep. of China 23
Rest of the world' 94
World 10.7

2014 data




Produkce z vodnich dél

Hydro production’ from 1971 to 2014
by region (TWh)

4500
4000+
3500+
3000+
2500+
2000+
1500+
1000

00

0
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B oEcp 1 Middle East I Non-OECD Europe and Eurasia
[] China M Asia? B Non-OECD Americas I Africa
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T

% of
Producers TWh | world
total )
Net installed oW % of
People's Rep.of China | 1064 | 267 | |capacity Country hydro
_ (top-ten in total
Canada 383| 96 | Ipeople'sRep. ofChina | 311 oroducers) domestic
Brazil 373| 94| |United States 102 electricity
ol
United States 282 71| |razi 89 e
Russian Federation 177 44 ) canada 76 | |Norway 96.0
Norway 137 34 | YRussian Federation 51 | |Venezuela 68.3
Venezuela ar 2.2 | lindia 40 | |Canada 58.3
Japan 87 2.2 | |Norway 94 | |People’s Rep. of China 18.7
France 69 1.7} VFrance o5 | |Russian Federation 16.7
Restoftheworld | 1192 | 30.0 | |Turkey 24 | |France 122
India 10.2
World 2083 1000 Rest of the world 372
Japan 8.4
2014 data
! World 171} | United States 65
2014 data
_ Rest of the world? 15.6
1. Includes electricity production Sources: |EA,
from pumped storage. United Nations. World 16.7

2. Excludes countries
with no hydro production. 2014 data




Vyroba elektriny podle zdroju

World electricity generation1 from 1971 to 2014
by fuel (TWh)

0
1971 1975 1980 1985 1990 1995 2000 2005 2010 2014

B Fossil thermal 1 Nuclear [ ] Hydro 1 other
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Vyroba elektriny podle zdroju - kolaé

1973 2014

Nuclear 3.3% Nuclear 10.6%
Natural gas

21.6%

Natural gas

12.1%

Other? Qi

Other?

6.3%

| 6131 TWh | 23816 TWh_|

1. Excludes electricity generation from pumped storage.
2. Includes geothermal, solar, wind, heat, etc.
3. In these graphs, peat and oil shale are aggregated with coal.
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Vyroba elektriny podle oblasti

World electricity gE:nE:ratit:nn1 from 1971 to 2014
by region (TWh)

28000

21000 4
000 4
16,000 1

12000 1
8000 4

4000
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1971 1975 1980 1985 1990 1995 2000 2005 2010 2014

B oECD [ Middie East Bl Non-OECD Europe and Eurasia
[] China B Asia? [ Non-OECD Americas ] Africa
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Producenti, exporterl |mporter| elektriny

% of
Producers! TWh | world
total
People’s Rep.of China | 5666| 238
] Net exporters TWh
United States 4319 181
India 1287 b4 France 67
Russian Federation | 1062| 45| |Canada 46 | | Net importers TWh
J 1036| 44| |Paraguay 41
apan United States 53
Canada 656 28 Germany 34
Czech Republi 16 taly .
zech Republic
Germany 622 26 o p . Brazi a4
i weden
Brazil M 25 N 5| |Urites Kingdom 21
F 557 23 orway
rance | Finland 18
Korea 546 23 People’s Rep. of China 1 _
) Belgium 18
Restoftheworld | 7474 313| [BU9ana 1 Inetheriands 15
Ukraine 8
World 23816 1000 Hungary 13
2014 data Others 641 lirag 12
Total 328 Thailand 11
2014 data Others 17
Total 356
1. Gross production minus production from pumped storage plants. 2014 data
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Konecna spotreba energie -uzivatele (napr. elektrina,

otop uhlim, plynem, spotreba ropy pro chem.)

World

World! total final consumption from 1971 to 2014
by fuel (Mtoe)

0
1971 1975 1980 1985 199 1985 200 2005 210 214

B Coar Bl oi B Natural gas

B Biofuels and waste® ] Electricity

1 other
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Konecna spotreba energie - kolac (napr.elektrina, otop

uhlim, plynem, spotreba ropy pro chem.) - kola¢

1973 and 2014 fuel shares of
total final consumption

1973 2014
Electicty Othert

Biofuels and
waste’®
12.2%

Natural gas

14.0% Natural gas

15.1%

4 661 Mtoe | | 9425 Mtoe

1. World includes international aviation and international marine bunkers.
2. In these graphs, peat and oil shale are aggregated with coal.
3. Data for biofuels and waste final consumption have been estimated for 2 number of countries.
4 Includes geothermal, solar, wind, heat, efe.
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Konecéna spotreba energie podle regiont

World total final cansumpti0n1 from 1971 to 2014
by region (Mtoe)

10000

8000+

o000+

4000 Ll

2000

0
19M 1975 1980 1985 1990 1995 2000 2005 2010 2014

[ Middle East [ Non-OECD Europe and Eurasia
B Asiaz [ Non-OECD Americas I Africa [ Bunkers®

B oEcD
D China
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Konecéna spotreba energie podle regiont - kola¢

1973 2014

e e 4.0% Alica s purkers a5k

Non-OECD
Americas 3.6%

Non-OECD

Asia® 6.3% Amercas 5.0%

China 7.8% Asia? 12.9%

Non-OECD

Europg and

Emﬂ Non-OECD
' Europe and Middle East
Middle East 0.7% Eurasia 7.6% 5.1%

I 4 661 Mtoe I | 9 425 Mtoe I

1. Data for biofuels and waste final consumption have been estimated for a number of countries.
2. Asia excludes China and OECD countries of Asia.
3. Includes international aviation and infermnational marine bunkers.

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno

47



Konecna spotreba uhli po sektorech

Total final consumption from 1971 to 2014
by sector (Mtoe)

1200

1000 +

-

0
1971 1975 1980 1985 1990 1995 2000 2005 2010 2014

[] Industry ] Transport

[ other? [ ] Non-energy use
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Konecna spotreba ropy po sektorech

Oll

Total final consumption from 1971 to 2014
by sector (Mtoe)

4000
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2500+
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300
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Konecna spotreba plynu — po sektorech

Total final consumption from 1971 to 2014
by sector (Mtoe)

1911 1975 1980 1985 1990 1895 200 2005 010 2014
[] Industry [] Transport ] other’

] Non-energy use

FI e I ™ o d 1
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Konecna spotreba elektriny — po sektorech

Total final consumption from 1971 to 2014
by sector (Mtoe)

1800
1600 +
1400 +
1200 +
1000 +
800 +
600 +
400 +
200
0
1971 1975 1980 1985 1990 1995 200 2005 2010 2014

1 industry B Transport 1 other'
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Vyvoj ceny ropy

Crude oil

Average key crude oil spot
prices in USD/barrel

160
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Vyvoj ceny uhli

Average steam coal prices for electricity generation
in USD/tonne

100

= =B

|
o]
T

EEEs83

ﬂ L
1985 1987

1980 1991 1993 1985 1997 1999 2001 2003 2005 2007 200 2011 2013 215

. POlANT s UNited StAteS e Japan Korea

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno

53



Vyvoj ceny plynu

Average natural gas import prices

in USD/MBtu

18
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1. LNG.
2. Pipeline.
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Emise CO,
Do roku 2030 az o 50%

CO, Emissions by fuel

World! CO2 emissions from fuel combustion®
from 1971 to 2014 by fuel (Mt of CO,))

H000

1985

B oi

1995 2000
I Natural gas

2005 2010 2014

[ other!
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Emise CO,
Do roku 2030 az o 50%

1973 and 2014 fuel shares of CO2 emissions
from fuel combustion®

1973 2014

| 15458 Mt of CO, | 32381 Mt of CO, |

1. World includes international aviation and intemational marine bunkers.
2. CO, emissions from fuel combustion are based on the IEA energy balances
and on the 2006 IPCC Guidelines, excluding emissions from non-energy.

3. Inthese graphs, peat and oil shale are aggregated with coal.
4. Includes industrial waste and non-renewable municipal waste.
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Emise CO,
Do roku 2030 az o 50%

World' CC}2 emissions from fuel combustion?
from 1971 to 2014 by region (Mt of CO,))

35000
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Emise CO,
Do roku 2030 az 0 50% ?

1973 and 2014 regional shares of
CO, emissions from fuel combustion®
1973 2014
Non-OECD . 4 . Non-OECD Europe
Americas Asie’3.0'% %h?'gg and Eurasia 7.6%
2.5% '
fica Non-OECD EIJIT}FIE Middle
8% and Eurasia 15.9% East5.3%
Miodle - Bunkers
East0g%  Asé’
SO0 e 35%
Bunkers
3T Non-OECD
Americas 3.6%
Africa 3.4%
| 15458 Mt of CO, | 32 381 Mt of CO, |
1. World includes international aviation and marine bunkers, which are shown fogether as Bunkers.
2. CO, emissions from fuel combustion are based on the IEA energy balances
and on the 2006 IPCC Guidelines, excluding emissions from non-energy.
3. Asia excludes China and OECD countries of Asia. P
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Vyhled v produkci energie

azo2/3
TPES Outlook by fuel to 2040

2000
18000
16 000 ~
14000 ~
12000 ~
10000 ~
6000
0 000
4000
2000

NPS 4505 NPS 4505 NPS 4505
1990 2013 202 230 2040

I Coal Bl oi B Natural gas?
1 Nuclear B Hydro ] Other®
NPS: New Policies Scenario 4508: 450 Scenario*
(based on policies under consideration) (based on policies needed to limit global

average temperature increase fo 2 °C)
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Vyhled - skladba produkce energie

Total final consumption by sector in 2040

New Policies Scenario 450 Scenario
Non-energy use Non-energy use
8.5% 9.6%

| 12 244 Mtoe | 10 551 Mtoe |

1. In these graphs, peaf and oil shale are aggregated with coal.
2. Includes intemational aviation and marine bunkers.
3. Includes biofuels and waste, geothermal, solar, wind, tide, efc.
4. Based on a plausible post-2013 climate-policy framework to stabilise the long-term concentration
of global greenhouse gases at 430 ppm CO,-equivalent.
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Vyhled dle regionu
TPES Outlook by region to 2040

(Mtoe)
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NPS: New Policies Scenario 4508: 450 Scenario?
(based on policies under consideration) (based on policies needed to limit global

average femperature increase o 2 °C)
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/
2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv
World 1249 1380 - 21%3 323614 189 3030 447
OECD 1267 4144 132 10171 11856 416 8028 9.36
Middle East 224 1807 1050 815 1728 32 3909 172
Non-OECD Europe and Eurasia 343 1819 i) 1907 2445 328 4543 114
China 1312 2593 535 0402 9135 2.1 3938 6.66
Asia 2408 1496 T 2280 3807 0.72 W7 158
Non-OECD Amencas 440 87 -152 1021 1174 13 212 244
Africa 11356 1129 -338 6o/ 1105 ﬂ 268 0%
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/

2014 Mtoe | (Mtoe) |el. TWh |CO,Mt |toe/obyv | obyv | obyv

Albania 289 201 067 667 412 081 2305 142
Algeria B9 320 8974 8 129 1.3 1363 316
Angola 4273 W“m - -1859 841 19.30 061 M7 080
Argentina 42 98 (LR 1397 13120 19241 202 3062 448
Armenia 301 083 215 511 52 098 1901 174
Australia 2384 ¥ -2 23643 31378 5.0 10002 1581
Austria 8.5 1208 2166 M4 60.78 376 8358 11
Azerbaijan 954 B UD 200 3079 150 2202 323
Bahrain 136 2288 836 2618 2969 1039 19224 2180
Bangladesh 159.08 2346 Al 4948 6227 02 M 038
Belarus 947 367 U3 Uy 58 2% 3682 6.6
Belgium 1116 1253 4150 Bo.41 87 36 473 1145 183
Benin 10560 29 20 103 574 040 97 0.4
Bolivia 10.56 26 1478 1% 18.30 0.7 743 173
Bosnia and Herzegovina 38 602 i 1200 2162 205 3144 566
Botswana 22 151 106 379 6.88 11 1708 310
Brazil 20608 512 4278 031.23 476.02 147 2578 231
Brunei Darussalam 047 o2 1243 492 6.0 852 10113 16.06
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/
2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv
Bulgana 122 1136 6.45 H02 4213 248 4709 583
Cambodia 1533 426 218 415 6.10 042 210 040
Cameroon 217 9.76 202 6.24 6.04 033 piL 07
Canada 354 46999 18447 00242 B0 788 15544 1561
Chile 74 292 4N 68.90 7581 202 3863 425
China (People’s Rep. of) 136427 25011 D074 5375 90869 22 391 6.66
Colombia ATTY 12123 82 6163 7250 07 1290 152
Republic of Congo 451 1968 1267 09 264 0.58 213 0.59
Costa Rica 476 246 263 9.32 717 103 1958 151
Céte d'lvoire 216 1289 104 6.22 9.35 063 281 042
Croatia 424 435 362 1574 1544 190 35 357
Cuba 1138 5.8 6.66 1641 245 103 1442 29
Curacao 0.16 0.00 361 075 475 1264 47% 3043
Cyprus® 085 012 208 418 576 230 4868 6.2
Czech Republic 1053 2926 1253 (5.8 9.55 3% 62459 917

DPR of Korea 2003 2082 350 15.08 3780 048 602 151
Dem. Rep. of the Congo 7488 28.16 080 81 466 038 107 0.06
Denmark o64 16.06 22 33.06 3451 281 5859 6.12
Dominican Republic 1041 102 106 1642 1926 073 1578 185
Ecuador 1590 0NH 9B 215 38.73 089 1381 244
Egypt 80.36 441 15220 17327 08 1699 193
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/
2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv
El Salvador 6.11 206 215 040 288 067 %6 0.9
Erifrea 511 063 0.18 032 0.5 0.16 63 011
Estonia 132 5.83 068 885 1752 459 672 1331
Ethiopia % % 4001 33 6.7 913 0.0 10 0.0%
Finland 046 18.26 16.96 8329 BH2H b.21 15246 8.28
FYR of Macedonia 208 127 138 127 4 126 3000 358
France 66.17 13743 114 46020 28568 367 6955 43
Gabon 169 B9 1058 220 349 301 1303 207
Georgia 450 137 310 1002 n 097 2225 1N
Germany 8098 11975 1%49 a7 TR 378 1035 8.93
Ghana 679 9.77 {64 996 131 0.34 7 049
Gibraltar 003 0.00 302 019 0.4 b o818 6.2
Greece 1043 880 16.53 2014 60,68 212 o7 6.03
Guatemala 16.02 8.88 435 920 16.144 083 575 101
Haiti 3N 094 041 276 0.39 39 026
Honduras 232 269 999 8.7 0.67 697 110
Hong Kong, China 019 2748 4398 4794 197 6073 6.62
Hungary 10.14 1419 3913 4028 2.3 396 408
lceland 022 08 1742 204 179 538% 6.25
India o8 28972 104233 201967 0.64 805 196
Indonesia 4800 23145 0714 43653 0.89 814 112
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/
2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv
Islamic Rep. of Iran 8.4 MHn i 24 5609 303 299% 12
Irag 34 81 16299 11126 451 14103 142 1313 405
Ireland 462 201 1166 2042 3380 217 5125 [k
Israel 821 148 16.53 M2 b4 63 276 6604 788
ltaly 5080 J69 11906 304.09 319N 241 5002 h%
Jamaica 272 050 268 302 T 103 1110 264
Japan 12712 609 40N G2 118863 348 7829 9135
Jordan 661 026 8.37 1663 41 124 2517 365
Kazakhstan 1729 16628 8901 %82 22369 443 5600 1294
Kenya 4486 1957 460 161 1235 0.53 n 0.28
Korea 042 a1 234 532 06 067 81 532 10564 1126
Kosovo 182 161 040 il 740 11 2803 406
Kuwait 375 16636 13114 T 86,08 903 15333 29
Kyrgyzstan 583 19 215 1133 8.36 065 1942 143
' 2.38 190 6.99 6.72 218 3514 138
0.16 761 1621 231 165 3060 15
321 -16.39 11.52 4790 285 184 165
17 .30 112 103 2.39 38260 302
0.15 408 174 9% 6.84 13873 1har
94 b4 118 1389 2032 300 4646 137
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/

2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv

Malta 043 00 206 21 1M 181 5012 549
Mauritius 126 022 169 275 39 M 2182 314
Mexico 11971 20821 1509 2965 4309 1517 2169 360
Moldova 306 033 298 493 12 093 1386 204
Mongolia 291 144 932 590 18.16 185 2027 6.24
Montenegro 062 069 029 287 22 15 4611 357
Morocco RBR 176 1953 3093 53 0.56 412 157
Mozambique 2122 1799 5.3 1259 387 043 463 0.14
Myanmar N4 2068 126 112 19.5 0.3 211 0.37
Namibia 240 046 139 315 35 075 1563 150
Nepal 2818 974 201 3% 593 04 140 02
Netherlands 1686 853 0H 1321 14834 433 6713 880
New Zealand 445 1708 456 anm U 461 9131 m
Nicaragua 6.01 217 149 349 44 061 580 0.76
Niger 1911 300 01 099 19% 015 52 010
Nigeria 17748 002 12523 2340 60.16 076 14 0.34
Norway 514 19%31 16740 11816 3031 5.60 23001 6.87
Oman 424 7449 48H4 259 5990 574 6128 1414
Pakistan 180,04 6820 2209 8740 13743 049 472 0.74
Panama 080 b.11 805 1059 109 2082 214
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/
2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv

Paraguay 6.95 708 183 102 219 0.79 1563 079
Pery 097 7R AT 050 47T 077 1308 154
Philippines 9914 %8B NN £9.99 %71 048 706 097
Poland 848 733 7% 15098 27904 244 3923 125
Portugal 1040 600 1638 48.30) 4281 203 4663 412
Qatar 917 21993 17381 %% 7761 2029 16736 B
Romania 1991 2637 5.3% 5145 68.16 159 2584 342
Russian Federation 1438 130568 5T0M 0959 146755 494 6503 1020
Saudi Arabia 089 62242 40545 29066 50659 691 9410 1640
Senegal 1467 187 242 325 628 027 m 043
Serbia 713 044 37 3046 W11 186 4273 535
Singapore 547 065 7575 B8P 65 5.12 8844 829
Slovak Republic 542 657 977 M n’n 294 5137 541
Slovenia 206 370 3N 1387 1276 34 6728 6.19
w32 1803 mMB 7Y 272 4240 810

Bt 79 046 152 0.06 gL 013

B0 9 M8% 23199 247 5358 4%

533 593 104 1674 052 53 081

634 A0 975 1334 0.38 218 04

099 0% 199 199 128 369 370

UM 1630 13071 78 497 13480 386
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Mil.obyv | Vyroba | Exp-impt | Spotfeba | Emise TPES kWh/ TCO,/

2014 Mtoe | (Mtoe) |el. TWh | CO,Mt |toe/obyv | obyv | obyv
Switzerland 8.19 1327 1336 6158 374 3.06 1520 461
Synan Arab Republic 2216 064 043 1814 2757 049 823 124
Chinese Taipel 2338 1364 10170 B0 24966 4n 10738 1068
Tajikistan 8.0 179 108 12.38 466 0.4 149 0.56
Tanzania 5182 217 281 518 1037 048 100 0.20
Thailand 6773 1874 5958 13l 24352 19 2566 360
Togo 112 264 071 110 112 046 155 024
Trinidad and Tobago 13 J966 1995 966 VAVA 1445 137 1715
Tunisia 100 6.71 415 16.09 2501 0% 1463 27
Turkey 16562 HH B 21989 307 14 1.59 2870 401
Turkmenistan 531 me -0 1464 67 00 oM 2759 1262
Ukraine 45.36 93 74 4 23654 233 3412 521
United Arab Emirates 9.09 0004 10955 10247 17543 176 11245 1931
United Kingdom 64,60 10824 8740 34 47B4 278 5131 6.31
United States 1917 201198 281 413710 517621 6.4 1292 16.22
Uruguay 262 EY 1049 627 138 3068 183
Uzbekistan 584 217 5061 9730 142 1640 318
enezuela 18571 11748 81569 15499 2.20 2661 505
iet Nam na 269 13057 14331 073 1439 1.58
16.00 s4 568 AR 0.28 17 0.81
913 083 105 319 0.64 103 020
1152 115 828 149 0.72 o3 0.75
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Zasoby paliv

s Podle nejnové€ji zverenéné statistiky British Petroleum
budou celosvétove zadsoby vyCerpany u:

m 1opy za 40 let

s zemniho plynu za 65 let

= uhli za 200 let

(a to 1 pies noveé objevovana nalezist

. Hydroenergetika je sice v nékterych zemich dulezitym

m, ale s minimalni moznosti dalSiho rozSifeni a se
'zavislosti na hydrometeorologickych

ach.

soby uranu (predevsim v Australii, Kanad¢ a
ystaci v souCasnych typech jadernych reaktort
let, pt1 pouziti v rychlych reaktorech vystaci na
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Onovitelné zdroje energie

Vyroba elektfing 2010 2020 2030
voudni [TWh] 214 141 24

vétmd [TWh] 0.6 155 4N

biomasa [TWh] 162 5,26 8,02

geotermaini [TWh] 0 048 1,58

solami [TWh] 0,15 0,95 567

Elekfina celkem [TWh] 451 11,7 11 46
Vyroba tepla

biomasa [PI] 62 36 03 48 105,52
geotermalni [PI] 11 10,51 177

solami [PI] 0,28 125 412

Teplo cefkem [P] A4 106,24 12734
(elkem teplo + elektfing [PI] 81,08 148 36 208 20
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Onovitelne zdroje energie

Prirrdierrd anerg e 1 obmovitelngeh zdrejo

soCAsnost 010 20 =030 a2 2050

| B vwia [ vir [ bomasa  [J salamien, [0 geotermékien, |

Pfedpokiad vyuZitl obnovitelmych zdrojl. Zdroj: Zprdva NEK

Doc. RNDr.Petr Sladek, CSc.

KFCHO PdF MU Brno 2



s Kazdy druh obnovitelnych zdroju energie ma své
prednosti, ale také sva omezeni a limity..
Prihodne lokality se u nas temer vzdy nachazeji
ve vyssich nadmorskych vyskach, obvykle nad
600 m n. m.

= Ale mame-li pfed sebou ,vétrnou“ mapu CR s
vyznacenim izoCar rychlosti vetru je videt, ze
zcela prevazuji uzemi, kde rychlost vetru
nepresahuje 4 m/s.

o Oblastl S VySSI rychlostl prlpomlnajl mapu zvlaste
y uzeml a rezervaci. Moznost vystavby
arem” je v techto uzemich velmi
a bereme-li vazneé ochranu prirody a
Imi omezena.

Doc. RNDr.Petr Sladek, CSc.
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= Sluneéni zafeni dopadajici na povrch Ceské
republiky poskytuje rocné asi 90.000 TWh
energie. Ploch pouzitelnych pro fotovoltaické
systemy je 50,2 km2, coz reprezentuje rocne
asi 5,5 TWh. Mezi jejich nevyhody patri vyssi
vstupni naklady, které jsou vsak
kompenzovany dlouhou, prakticky
bezudrzbovou zivotnosti (20 let a vice).

1 terawatthodina = 102Wh

Doc. RNDr.Petr Sladek, CSc.
KFCHO PdF MU Brno
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Fotovoltaicky system na PdF MU
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Odbér el. energie ze sité - PAdF MU
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Reseni: ... ?

= Dekuji za pozornost.

Doc. RNDr.Petr Sladek, CSc.
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