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BASIC PROCESSES AND PRODUCTS
OF COAL UTILIZATION
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Gasification of coal is the high-temperature thermochemical process of
coal conversion into synthesis gas with the applica tion of gasification
agent, like e.g. steam, oxygen, air or carbon dioxide for highly efficient
production of fuels and energy

Coal gasification technologies
may be divided into:

4 Surface
d Underground




UTILIZATION OF COAL-DERIVED SYNTHESIS GAS




The Clean Coal Technologies Center (CCTW ) is a joint venture investment of the Central
Mining Institute (GIG) from Katowice and the Institute for Chemical Processing of Coal
(IChPW) from Zabrze. The task of the Center is a creation of the leading scientifical site for
promotion and industrial implementation of clean coal technologies. The investment was
financed within the Innovative Economy Operational Programme 2007-2013, Priority 2. R&D
Infrastructure, Measure 2.1 Development of high research potential centres.




Katowice

Modern laboratories equipped with scientific and
research equipment, IT hardware and specialized
software for interdisciplinary research activities
covering:
rationalization of the production and utilization
of energy
environmental monitoring
process engineering, nanotechnology and fuel
cells
mitigation of the environmental impact of coal
production and utilization
lifecycle of technologies and products (LCA)
CO, capture, storage and utilization (CCS and
CCU)
determination of physicochemical properties of
coal and other solid fuels
numerical modelling




CLEAN COAL TECHNOLOGIES CENTER MIKOLOW

Pilot scale installations for R&D works in the field of prospective thermochemical technologies
of coal processing, including in particular:

» process of underground , pressure or non-pressure, coal gasificatio
aimed at production of syngas with a high content of hydrogen and
of gases for power use,

»~ surface gasification of solid fuels,

~ direct coal liguefaction process aimed at the production of engine .
fuels and chemical raw materials, <k

»~ processes of hydrogenation and refinement of coal-derived
substances,

» separation and purification of process gases using membrane
techniques and methods of absorption and adsorption, including
the pressure swing adsorption - PSA,

» separation of CO , from process gases
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Installation of gasification in a moving bed reactor

Installation for pressure simulation of underground A non-pressure reactor for simulating the
—_— coal gasification process ———— underground coal gasification process
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2 field in-situ UCG trials in Mine Barbara,

1 Pilot-scale UCG operation in Mine Wieczorek (60 days),

16 large ex-situ experimental simulations of UCG,

Coordination of 3 large research projects on UCG,

Participation in 2 other projects as a project partner,

28 original research papers in high IF journals dedicated to the conducted
research.




Thermogravimetric analyzer SDT Q600

1 — gas inlets,

2 — water pump with a steam generator,

3 — gasification agents pre-heating system,

4 — fixed bed reactor with resistance furnace,
5 — flowmeter and

6 — gas chromatograph Agilent 3000A

Fixed-bed reactor experimental stand with gasification agents
pre-heating system
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PGG COAL CHAR REACTIVITY AS A FUEL SELECTION
CRITERION FOR GASIFICATION PROCESS
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Determination fuel’'s
suitability for use In
industrial processes
gasification by reactivity
parameter.
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H R50
mrmax  Reactivity allows to
determine which of the
PPG coals reacts best
with the gasifying agent.

Reactivity, 10-4[1/s]

1 2 3 4 5 6 7 8 9 10 11

Coal sample no.

Coal chars reactivity for 50% of carbon

conversion, Ry, and the maximum reactivity, R,
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COMPARATIVE ANALYSIS OF SELECTED
GASIFICATION TECHNOLOGIES FROM THE
PERSPECTIVE OF POLISH MINING GROUP CONDITIONS

materials with high ash content and
grain diameter <1 mm

Possibility to gasify low-calorie carbon>

Flaxrbiiliy of installation operation
expressed in terms of resistance to
changes in quality pﬂ:amﬂiﬂm of the mal

. | \___charge and the size of the feed stream
Technological maturity of the offered
reactor design

Scale of commercial application of the
technology

Low amount of gasification side
products produced (gas tars, oils) ¢




1. Analyses of technological parameters -
desk research:

v’ technological maturity,

v’ scale of commercial use,

v flexibility of installation operation

v" possibility of gasification of materials
of low quality (high ash content, low
calorific value). e m—

Crude sitas
Division Flaation ‘extractive waste
District e Qir ar Witr Str Mut surowy Qir ar WitrP Str Amount o Aar Witr Str
on Kifkg % % % o Kiike % % % an Hiikg % % % Mg
SOSNICA 60,012.0 19,450 150 2238 073 1,800.0 14300 320 183 045 32,896.0 4,930 570 220 070
BOLESLAW SMIALY 0.0 37,009.0 10,000 360 250 050 0.0 o0
diuent nitrogen aturator T
5300 TPD . 0.0 4,59200 14353 218 291 o051 0.0 0.0
‘ KWK Pokdj 0.0 0.0
’ S RUDA Biglszowice 00 166,505.5 18534 154 278 042
(3 > R
odld L :& ol coaling azem 0.0 1717255 18432 156 278 042
U -/ - Piast |
bax ‘a e 00 7,995.0 9822 368 262 072 597,202.0
I.Il.-m E_‘( ), — L KWK pigst Il 0.0 2,083.0 9482 288 343 085 14,185.3
J \— -
1 h- axygen + fiter L PIAST - ZIEMOWIT B 0.0 255000 8168 300 375 034
i 2100 TPD AR .
da r cloan syngx 8188 razem 0.0 385500 8581 314 350 040 0.0 111,390,3
yer — 5
oroduct O 0.0 0.0 0o 35,326.7
ressors - HS N
t oM g -3 Jankowice 56,360.0 19000 180 350 050 0.0 192,355.0 - 513 - - 0o
20 MW L ) frydmty chan
\‘* 5 tack 383260 4347 554 206 117 oo
main ar t
t compressor 9 iter Q‘Y‘A 65 036 0.0 00
30 e 65 038 230,681.0 a3ar 525 206 117 35,326.7
al heat recovery
ror steam generator 8 033
coal 2500 TPO conmctive
us  on 0.0 oo
rod m pum
Q. saturated steam 1600 psig 33 - ] 0.0
Y | ) 26 071 0.0 0.0
¥ economized
"f”’_‘v “3"3 @ boiler e edwater & 24 054
recycle fnes
pump hoppar concal 312 034 0.0 0.0
Lb v— X condens ate pump
slag and water 70 046 | 2635770 4426 530 208 111 146,717.0

13




2. Economic analyses - CAPEX, OPEX,
DGC (Dynamic Generation Cost):
v’ investment outlays,
v’ operating costs,
v dynamic unit cost.

Description CoP E-Gas SES Shell Gasification
Capital expenditure CAPEX [PLN] 4 847 981 491 4 359 062 400 5077 787 581
Operating costs OPEX [PLN] 1582 856 768 1202 421 372 1502 589097

t=n
Shell Gasification Z KI t + KEt
\t
DGC — t=0 (1+ I)
t=n EE
SES t
\t
=0 (L+1)
CoP E-Gas
Gasification technology
Description Unit illi
8000 P ConocoPhillips SES shell
E-Gas
0 OPEX [Mio. PLN] O CAPEX [Mio. PLN]
Total discounted costs PLN 16619687 274 12414048 074 16 252 542 696
Discounted sum of the amount o 21531 690 ez i
of electricity produced

GIG
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APPLIED METHODS OF ANALYSIS

3. Environmental analyses - LCA, carbon footprint:
v assessment of the environmental impact of

the gasification technology.

v" use of SimaPro software with Ecoinvent 3

database

1550

1500
o 1450
w3400
|
8 1350
o 1300
> 1250

1200 .

1150

Electricenergy
(CoP) (SES) (Shedl)

15




APPLIED METHODS OF ANALYSIS

4. Analyses supporting the decision making process — Multicriteria

Analysis.

Technalogical maturity
1,6

14
12
1

Scale of commercial use

Possibility of application 0.6
in different places =

Possibility of gasification of low

aualiby matarsls Flexible operation of the system

ConocoPhillips E-Gas === SES s Shel|
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Wirl to Westfleld

Options

Objective 1 - Freight delays

Objective 2 - PT Travel times

Objective 3 - Reduced freight on road

Feasibyility

ndtfordability

Publie | Stakeholders

Cultural, Social and Erviconmental Effects

Safery

Economy

olo|lojlo|ojo|a|a|le

Ranking

Cost (Lower Bownd) 0 520 100 550 550 §350 5250 5150 565 5100
Cost (Upper Baund) 0 530 5150 570 570 5450 5300 5200 S50 5200
Cost (Lawer Baund) NPV 0] 545 518 589 545 545 5312 5223 5134 558 589
Cost (Upper Bound) NPV of s&2 527 3134 5652 562 3401 $267 5178 571 5173
Benefits NPV 0] sa0 -520 | -5200 530 330 5§50 $50 5150 5105 550
BCR upper o 0.8 =1.1 =2.2 0.7 0.7 0.2 0.2 1.1 1.8 0.6
BCR bower o 0.8 0.7 =1.5 0.5 0.5 2.1 0.2 0.8 1.5 0.3

zme 1- raigil( delays

Objective 2 — PT Travel times

Objective 3 - Reduced freight on read

Feasibrility

Adfordabiliny

Cultural, Social and Erviconmental Effeces

Public | Stakeholders

Safery

Economy




The conducted analysis showed the potential for
coal gasification based on PGG coal resources and
iIndictated the fluidized -bed gasification system
as a technology with the highest rate in all criteria
covered by the analysis.
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Thank you for your
attention




