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AGH Introduction

Today, the European Union imports more than 50% of its energy,
mostly in the form of oil and gas, from outside the Union.
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AGH Introduction

The EU Member States consume more than 1,725 million tonnes of oil
every year at a cost of 500 billion Euros.
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AGH Introduction

Many of the regions of the world that supply our energy are
geographically remote and some may be politically unstable.
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AGH Introduction

For a world (for EU Member States) critically dependent on energy,
maintaining a reliable and secure supply is essential.



http://upload.wikimedia.org/wikipedia/commons/a/a4/European_Union_(orthographic_projection).svg

1l

AGH Energy Dependency

Energy dependency shows the extent to which x zi
a country relies upon imports in order to meet g § 52
. g v
its energy needs. EU - 54 6% 2 g Zg
Poland - 30.6% §46
Energy Dependency on Import 2001 2006 2011

EU energy dependency Year

What proportion of gross energy consumption is from imports?
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Power Generation (TWh)
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AGH Power Generation in Europe
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AGH Polish Energy Consumption Trend
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AGH Polish Electricity Demand Forecast

Electricity Demand Forecast ASSIL‘nn;Pet;Z?;é energy
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Electricity Prices in Europe for Residential Euro/kWh

AGH
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AGH
Unit: Euro/kWh
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Electricity Prices in Europe for Indust
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AGH

Resources of Poland: Black Coal, Brown Coal,
Natural Gas and Oil

Coal Resources and Reserves

- Resources | Reserves

Black 44.2 Gt 16.9 Gt
Coal
Lignite 60.0 Gt 14.9 Gt

Annual Coal Production

Production/year
(saleable output)

Black 76.6 Mt
Coal

Lignite 56.3 Mt

Employment in Coal Industry

Black 114 100
Coal

M Black coal

B Brown coal

[CONatural gas
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Potential Shale Basins in Europe

" small potential
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Shale-gas in Poland :
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Sources E1A, Margan Stanley Research

In 2012 Polish resources were
estimated for 346-768 mld m3
(minimal estimation — 38mld
m3and maximal 1.92bln m3)




Aged Plants and Units planned to be closed

mnits Planned to be closed Y Age of Polish\
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Power Generation in Poland
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Total Installed Capacity [Mwe] 34260 35419 35599 51412

Max Power Demand [MWe] 22 821 23454 25121

/ Power Stations
m Other RES capacity [MWe]
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m Black Coal
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The biggest CFB 460 MW (UCP)

AGH
Tauron Wytwarzanie S.A. -
Elektrownia Lagisza
The biggest CFB 460 MW (UCP)
\/\ GRUPA

# TAURON

POLUDNIOWY KONCERN
ENERGETYCZNY



http://www.google.pl/imgres?q=elektrownia+%C5%82agisza&hl=pl&sa=X&biw=1024&bih=608&tbm=isch&prmd=imvns&tbnid=8r0vfMgBiyGf4M:&imgrefurl=http://fotopolska.eu/132552,foto.html&docid=txrZjJKqiE91cM&imgurl=http://fotopolska.eu/foto/132/132552.jpg&w=1024&h=720&ei=62SWUOeOK8XWtAbx_oGABA&zoom=1&iact=hc&dur=24&sig=117095278868151019939&page=1&tbnh=140&tbnw=222&start=0&ndsp=12&ved=1t:429,r:2,s:0,i:88&tx=186&ty=113&vpx=498&vpy=132&hovh=188&hovw=268
http://www.google.pl/imgres?q=elektrownia+%C5%82agisza&hl=pl&sa=X&biw=1024&bih=608&tbm=isch&prmd=imvns&tbnid=rtYLq7nUir6XFM:&imgrefurl=http://media.tauron-pe.pl/presskit?file=350020&docid=Creq997Slp_pDM&imgurl=http://media.tauron-pe.pl/file/mediakit-w/350020/68/elektrownia-lagisza.jpg&w=640&h=427&ei=62SWUOeOK8XWtAbx_oGABA&zoom=1&iact=hc&vpx=706&vpy=217&dur=161&hovh=183&hovw=275&tx=118&ty=69&sig=117095278868151019939&page=2&tbnh=150&tbnw=243&start=12&ndsp=16&ved=1t:429,r:3,s:20,i:155
http://www.google.pl/imgres?q=elektrownia+%C5%82agisza&start=224&hl=pl&sa=X&biw=1024&bih=608&tbm=isch&prmd=imvns&tbnid=H2j0PcTiaklE_M:&imgrefurl=http://energetyka.wnp.pl/w-elektrowni-lagisza-dmuchaja-kociol,65441_1_0_0.html&docid=SoZxtM38PkHJjM&imgurl=http://k.wnp.pl/i/022/333/m600xd.jpg&w=600&h=401&ei=K2WWUL_8Ncr4sgaKiYCYCA&zoom=1&iact=hc&vpx=498&vpy=279&dur=5452&hovh=183&hovw=275&tx=134&ty=95&sig=117095278868151019939&page=15&tbnh=143&tbnw=222&ndsp=17&ved=1t:429,r:26,s:200,i:82
http://www.google.pl/imgres?q=elektrownia+%C5%82agisza&start=333&hl=pl&sa=X&biw=1024&bih=608&tbm=isch&prmd=imvns&tbnid=0YJJgnm6Ps_edM:&imgrefurl=http://n-ter.pl/optima/realizacje.php&docid=tlxeVjWQWSqFsM&imgurl=http://n-ter.pl/optima/img/referencje/tauron.jpg&w=335&h=214&ei=jGWWUMyyNMjusgas5oCIBg&zoom=1&iact=hc&vpx=105&vpy=74&dur=6689&hovh=171&hovw=268&tx=140&ty=99&sig=117095278868151019939&page=21&tbnh=129&tbnw=202&ndsp=19&ved=1t:429,r:47,s:300,i:145

1075 MW
Supercritical power plant

Constructor:
Hitachi Power Europe
and Polimex — Mostostal

Finish of
construction:
2017
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History of thermal efficiencies

AGH &
70 \,\Oe \S Q
> g%  [Nat.Gas
= e“ (0 J
— S
S 60 ST 0
S For Power ¥
> T Generation &
c 7
@ 50
'O a: Newgomen /
o || 5% \
=401 ...
g b: James Watt 2502 x 600/600 deg-C _USC
g (4%) 246% 538/566 deg-C SC
30 c: Early|Power Station
= : 169at X 566/566 deg- C Reheat Cycle
< = (3%) Turbine
a 5 N 1272 538deg-C Regeneratlve Cycle
For Prime Mover
] | | N
_ 422t x 450°C

10~| Steam Englne| N 4 |
\_ + 1 \z N 107 x 268°C
o .—. | e I T

1700 1750 1800 1850 1900 1950 2000 2050 2100 — Year




umu Japanese National Project of IGCC:
G

Nakoso 250 MW IGCC Power Plant




AGH-UST (since 1919) Facts and figures

vy
()
6

IIIIIIII
FEZENNNT
P LR l




AGH

(S)TEM FEI Titan Cubed G-2 60-300.
D



@GHJI AGH-UST (since 1919) Facts and figures

\

. NS

ATE TR

—

SYMI

CYFTONET AGH-UST High Performance Computers




AGH-UST (since 1919) Facts and figures
AGH KIC InnoEnergy project

One of the nodes is coordinated by
AGH-University of Science and Technology
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@GlIJ-JI AGH-UST (since 1919) Facts and figures

Coal Gasification Technology project

/ Scientific-Industrial \ /One of the largest researh

Consortium "Gasification of projects under way at the
Coal” led by AGH AGH

Time: Highlights:
5 years (2010~ 2015) . Unc;ergroun_?_ ar;gl
Budget: surrface gasirication

« Design of
demonstraction facilities

« Coal gasification
technology expertise

« Strategy to develop coal
gasification technoloy

26,3 min USD-The
National Center for
Research and
Development

K 3,2 min USD- Industry

h 4 e
=5 I EOEM ® zaK Shonon

AT MCE

Prof. M. Sciazko

in Poland

Prof. W. Nowak
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Prof. M. Sciazko

Prof. W. Nowak

AGH-UST (since 1919) Facts and figures

Coal Gasification Technology

-

Project of IHI Corporation:
TIGAR - Twin Ihi GASifier
— Dual Fluidized Bed
\_ Gasifier

IHI

Realize your dreams

J

Model of prototype plant in Indonesia

\_

Products \

CO,H:
(Syngas)

Feedstock

+ Lignite Coal
- Biomass
+ Waste

H:

| / A shift reaction

\
'\ =] o
Liquid

— CTL
Synthesis —— DME

—— Methanol

Various applications of products: GT, GE
fuel, fuel cell, ammonia, synthesis
natural gas, transportation fuel,
chemical raw material

/



L } AGH-UST (since 1919) Facts and figures
AGH Utilization of the methane from Polish mines

~

" _  Yearly reserves of methane in ventilation
"% air of hard coal mines (2011) was
amounted for about 662.5 min m3 :

LHV: 2,1 ‘108 GJ

Value: 394 min USD
Heating of 300 thousand houses
ol output ——Methane emision and their volume is increased each year

Drainage ~——Ventilation Air Methane

Professor Nawrat
research group

1 80
+ 60

L a0

Coal output [mIn Mg/year]

I 20

t T T T T T T i T T T + 0
2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011

Prepared laboratory-scale IUMK-1 and pilot-scale
IUMK-100 installations

Prof. S. Nawrat Ki INNOWACYINA GOSPODARKA %!I! 2E SRABKE YN ELROPEISKIES - /




umu AGH-UST (since 1919) Facts and figures

AGH

Prof. S. Nawrat

ﬁject of Osaka \
Gas Co. Ltd.:
Low-concentration CMM (Coal

Mine Methane) Technology

Design Your Energy f &x2855%

WABRSAX

GROUP

A E\ CMM with 30% or lower metha
%1 | concentration has b I
1§ | wastefully toatmos

ﬂroject of Kawasaki \
Heavy Industries, Ltd. :

High efficiency gas turbine
for CMM and VAM
(Ventilation Air Methane)

IR

Kawasaki




!\ JJJ AGH-UST (since 1919) Facts and figures

Prof. S. Kaneko

8

Prof. J. S. Szmyd

The University of
Tokyo

Development of
Innovative Self-Heat
Recuperation Drying

System for Lignite

GOALS:

Fundantal Drying Test of
Polish Lignite

Basic Drying Test of Polish
Lignite using 10TPD SFBD

Design of 200 TPD Pilot
SFBD Plant

Construction and
Operation of Pilot Plant

)

N

THE UNIVERSITY OF TOKYO

{3 JCOAL

MMMM

AN

Fundamental Drying Test of Polish Lignite

HRSG

Coal is
gasified in
the Gasifier

aaaaaaaaaaa




ul m C’ Future Project Schedule

3 JCOAL

MMMM

AGH # st k¥ _Fundamental Drying Test of Polish Lignite
Phase 1 Phase 2 Phase 3
2013 2014 2015 2016 2017 2018
Belchatow
Fundanetal Lignite
Drying Test of Polish Lignite P
gnite B / ‘
Basic Drying Test of Polish Lignit i Poland
asic Drying Test of Polish Lignite using (Lignite Power
10TPD SFBD — gStation)

Design of 200 TPD Pilot SFBD Plant

Construction of 200 TPD Pilot Plant

Operation of 200 TPD Pilot Plant

—

Japan or
Poland

——>
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Central Europe EU-11
e Bulgaria

e Croatia

e (Czech Republic
e Estonia

e Hungary

e Latvia

e Lithuania

e Poland

e Romania

e Slovakia

e Slovenia

Cooperation
between EU-11 and
Japan
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AGH Population

Central Europe EU-11

e Bulgaria
e Croatia
e (Czech Republic
Population of Germany: ® Estonia
82 min (17.8% Eugsyl Population of | * ungary
Poland:  * latvia
38.3 min e Lithuania
(8.3% EU28) e Poland
e Romania
e Slovakia
e Slovenia
Population of EU-11: Cooperation
96.5 min (21% EU28) between EU-11 and
Japan



Poland has the largest
coal and lignite reserves
among all EU-11

== Coal countries!
Lignite

Poland as the leader in
research and
development of new
technologies




u U AGH-UST (since 1919) Facts and figures
AGH  Agreements with Japanese Universities

e The University of Tokyo, 2013-2018

o Kyoto Universit, from 1983

o Kyushu University, from 2000

e Hokkaido University, from 2007

e Shibaura Institute of Technology, from 2004
e University of Toyama, 2008-2013

e Muroran Institute of Technology, 2009-2014
e Kumamoto University, from 2010

e Ryukoku University, from 2010

e Tokyo Metropolitan University, 2011-2016

e Rigaku Corporation

N

<

RYUKOKU

Kumamoto University

TOKYQ METROPOLITAN UNIV,




um” AGH-UST (since 1919) Facts and figures
AGH  Energy Engineering Centre

e Largest investment in the
history of the AGH UST

TT '“- . e Construction: start —Oct. 2013,

g e TR L | finish - Nov. 2014

e 38 laboratories design for
research in the field of energy
engineering designed for R&D
and cooperation with industry




mmm AGH-UST (since 1919) Facts and figures
AGH  Energy Engineering Centre
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KGHM

INTERNATIONAL
< Sumitomo
@ Existing commercial cooperation:

d The Sierra Gorda Project - joint
venture between KGHM
International Ltd., Sumitomo
Metal Mining and Sumitomo
Corporation in Chile (copper,
molybdenum and gold ore).
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Thank you for your kind attention
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Wishing for further cooperation between Poland and Japan
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