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=F7L  Introduction
- How do we produce electricity today?

(" —

o A HEAT ENGINE

aaooo (i mmEm memm m
i

\_ Chemical / Nuclear energy (Biomass, Coal, etc.)

)

Kinetic / Potential energy (Wind, Hydro)
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Dams, windmills
(turbines)

Photovoltaics
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Solar radiation (Light)



=PFL  Introduction
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SOLID FUELS (COAL / BIOMASS)/
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GASEOUS FUELS (NATURAL GAS/BIOGAS)
f
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LIQUID FUELS (OIL/BIO-OIL)

- How do we prod{ce electricity today?

HEAT ENGINE
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=FFL  Introduction “
- How do we produce electricity today?
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by

SOLID FUELS (COAL)

Heat production Heat — to — Power
(Combustion) (Rankine cycle)
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=PFL - Goals

= Describe the types of coal power plants

Tuong-Van Nguyen — tuong-van.nguyen@epfl.ch

= Evaluate the efficiency and electricity
generation costs

= Estimate the emissions of CO, and
pollutants and techniques to reduce them
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Introduction

The story behind Coal
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ining

= Coalm

» Industrial Revolution

Introduction
History of Coal

cPrL
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cPrL
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Introduction

140,000 TWh

120,000 TWh

100,000 TWh

80,000 TWh

60,000 TWh

40,000 TWh

20,000 TWh

0 TWh

1800

«NEW» RENEWABLE ENERGIES
20’000 TWh

CONVENTIONAL BIO
15’000 T

- Modern biofuels
Other
renewables

— Wind
Hydropower
—— Nuclear
Gas

— Qll

—— Coal

Traditional
biomass

2000 2019
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=PFL  Introduction
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Year

Source : BP Statistical Review of World Energy (2017)

Renewables & nuclear, only about 5 to 10%
each max.
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=PrL COaI 10

PROS and CONS
= Cheap = Non-renewable resource
= Abundant and widespread = Global warming §°
= Mature conversion technologies = Human health H

Condznssr Coolng Waler Condzneer
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Reserves and resources
Reserves and resources

Formation
Properties

war QK 3
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=FFL Coal origin and reserves :
Coalification
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Anthracite

e PP e o

Age, heating value, depth
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Coal origin and reserves

Standard coal?

cPrL

7))

©ozTz o 3
S 808 B

SEEELS ees
L1 1] |8 BN ]
J 1l A1 1]]]J
J 11l A1 JJ1]1]
SEEE0EENes
JJ 1111111
JJJ 111111
JJ 1111111
J 1 131 1]]]
J 1 1111 ]1]]

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm



Coal origin and reserves

Standard coal?

cPrL

* Unburned hydrocarbons HCs
e Particulate matters PM

- NO,
SO,
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Coal origin and reserves
Comparison

cPrL

E8EE 8 8Es
SE8Ee (s as
SEEEeesasEn
eSS aseans
SESaEaEeen
JJJ 111111
e aaaaes
aaaaaasaes
111111

Y

< 60% (wt) C

SEEs()E =sEs
EREE 8 B8
YT X111,
SEEE NEEEES
SEEE EEE8Es
Il
SEEEEEEEES
“TI1I11111
11111111

p—

>30% (wt) O

Coal - lignite

> 85% (wt) C
Coal — anthracite

25 MJ/kg

33 MJ/kg
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cPrL

Coal heating values
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Atomic H/C Ratio

: Wood

Age, heating value, depth

Lignin
Biomass
Peat
&
0.4 0.6 ' 0.8
Atomic O/C Ratio
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=PFL  Coal origin and reserves ;
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Hotv S &Cent Curope & MidoleEzst Asia
Arefica Amenca Eurasa &hfic: Pacfic
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Boiler
(furnace)

Demands
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Condenser Cooling Water
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cPrL COaI 20
Historical prices : low variations

Price (CHF/ton)

90 —
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----------------------------------i"-soe'l°

80

—-18.87%

$/18/2009 8/15/2011 7/19/2013 6/19/2015 5/19/2017 4/15/201%
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1ton=33GJ



=F7L  Coal demand :
Levelized cost of electricity (USA) :

LCOE (CHF/MWHh)

350
Coal

(100-110
CHF/MWHh)

100 s

Solar (utilities): $64
Wind: $55
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Boiler
(furnace)

Emissions and mitigation

Advanced conversion plants

Condenser Cooling Water
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Boiler
(furnace)

Standard coal power
plants
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Condenser Cooling Water




cPrL
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Coal conversion
Standard power plants

Coal furnace -
Rankine

Coal supply

. \/ =

Turbine

Generator
Transformer

Condenser Cooling Water Condenser
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=PFL  Coal conversion "
Standard power plants
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9 Boiler furnace
—_— Load bumers

: —

] Fluidized bed
X
—

—\O/ T Hydro beam floor Ay A
10 m b o Bottom ash removal
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=FFL  Coal conversion ;
On a Temperature-Entropy (T-s) diagram

0 .

0 2 4 6 § . 1
s(kJkg K')

T(C)
700
= Rankine cycle 2
600 :
* High pressures and temperatures 500
e Superheating
g * Reheating 400
: 300
: = Efficiency (first law):
: 200
g * Best practice: 42% i
g * Average: 38%



Environmental impacts
and mitigation
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EPFL  Coal
Environmental impact

= Importance of the life cycle

m e Extraction I Combustion

[ other

g
| -

350 -

g= °* Conditioning

% Transport
\Ig

&2 ¢ Distribution

300

200 —

CO2eq emissions [t/PWh]
3
1

* Refining

150

100 —

@ < Combustion ,
Coal Diesel Natural gas Shale gas

CO2 eq:is a measure of the global warming potential of the emissions over the overall conversion chain up to combustion.

The global warming potential is considering not only the CO2 emissions
but also other emissions like CH4 (that has a GWP of 20 CO2 eq), NOx and other gases in the complete life cycle chain.



=FrL  Coal conversion
Environmental and health impacts

co, NO,, SO, PM, HCs
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=PFL  Coal conversion i

Environmental and health impacts
» Global warming (CO,) = Human health (NO,, PM)
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= Mining
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cPrL
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Coal conversion
CO,-mitigation e s et e

®co,
® Amine solution

o0
CO; binds
with amines

= Chemical absorption for carbon capture

Exhaust from
power station

—) 000

 MEAH + COZ — MEACOOH ABSORBER

UNIT

STRIPPER
UNIT

l as!
k SOURCE: Scottish Power

Monoethanolamine PR

= Storage or chemical production

32
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cPrL

B ME-409 ENERGY CONVERSION AND RENEWABLE ENERGY

Coal conversion
NO,-mitigation

. . . E le SCR for NO, Control in a Boil
= Selective Catalytic Reduction D S o ot o1 a Boller
L B £

——

e 4NO+ 4 NH3 + 02 - 4 Nz +6 HzO AmImon 800°F Inje‘:tllil;:iln;azles
° 2N02+4NH3+02—)3N2+6H20 S

Ammonia

Air

Heated Combustion
Airto Boiler

To ESP

Air In-T ake and
(Forced Draft - Induced
Fan) 3 Daft Fan
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cPrL
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Coal conversion
SO, -mitigation

= Scrubbers

= 678 units worldwide (229 GW)

Limestone

Z—

* CaC0s; + S0, —» CaS0, + CO,

(solid)

clean gas

LEN LN LN LN LN AN

LIN LIN LEN LN LN AN AN

LEN LEN LN LN LN LN

spray tower

d

N N

gas = Qi L G L G L
=

limestone

gypsum
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Advanced plants

Fluidized bed combustion
Integrated gasification

Supercritical plants

35
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=FFL  Advanced plants ;
Towards higher efficiency and less :

impact
33-37% 250-300
efficiency kgCO,/MJe

= Supercritical power plants » Fluidized bed combustion
= Integrated gasification
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=FFL  Advanced plants "
(1) Fluidised bed combustion .

DIFFERENT Coal [
furnace :
I

Turbine

Generator
Transformer

Condenser Cooling Water Condenser
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=PFL  Advanced plants §

(1) Fluidised bed combustion DIFFERENT Coal
furnace

Tuong-Van Nguyen — tuong-van.nguyen@epfl.ch

Boiler furnace
Load burners

Fluidized bed

Hydro beam floor

' T Fluidising® 3
= Standard coal furnace s Flu....___. SombustionAlr Ash
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=PFL  Advanced plants '
(2) Integrated gasification :

NO furnace [
GASIFIER instead :
I

Turbine

Generator
Transformer

Condenser Cooling Water Condenser
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cPrL
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e

SOLID FUELS (COAL)

Advanced plants
(2) Integrated gasification

sifier

Heat production
(Combustion)

Gas production & cleaning

(Gasification)

Heat — to — Power
(Rankine cycle)

40
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=F7L  Advanced plants "
The heating value is chemically transferred to CO and H2 “’

C + (1-k/2-2/2)02 + xH20 => kCO + z H2 + (1-k)CO2 + (x-z)H20

Pamculate
\ *

\ Particulates

CIean up

.O SYNGAS
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cPrL
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Advanced plants
The heating value is chemically transferred to CO and H2

Table 3.8 Operating conditions of main gasification process

Gasifier type Fixed hed Fluidized bed Entrained Mow
Process BGIL. KRW, Winker Texaco, Shell
Operating lemperature, 800-1200 1000 1300-1800
Operating pressure, MPa 0.1- 10 0.1- 3 0.1- 4
Gasifying medium Steam+0), Steanvtair 0,
or stearm~0Q,
Oy/stcam ratio I:8to 1:4 12 2:1
Coal rank Bituminous coal Lignite Bituminous coal
Anthracite Lignite
Petrol coke
Coal particle size, mm 3-30 1-10 <0.1
Gas flow scheme Counterflow Parallel flow Parallel flow
Residence tme 30-60 min 1-10 min =0.1s

100 -
50 T — 1 0co2
60 -

OCH4

O N2
@ H2

40 —
20 :!: - oCO
O I |

Fixed Bed Fluidizedbed Entrained
flow
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Advanced plants
(2) Integrated gasification

Gas treatment

(S and N removal)
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=FrL  Advanced plants )
(2) Integrated gasification
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---------~

Gas
Turbine

bt
i )

\

Electric
Power
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cPrL
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Advanced plants
(2) Integrated gasification

45
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=L Advanced plants :

(3) Supercritical
SUPERCRITICAL ( ". """ B
|
BOILER ! ]
| |
|
|
|

Generator
Transformer

Condenser Cooling Water Condenser
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=F*L Advanced plants )
(3) Supercritical .

Temperature [FC]

Critical Point
74 : . P:
400 3 C: 22.06MPa

SUBCRITICAL

nl = 33 — 4‘2% QMPJ

100

3

I = superheat

I x = 0O 41.5°C: 0.008 MPa =
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=FrL  Advanced plants
(3) Supercritical SUPERCRITICAL

N = 47%
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Temperature [TC]

+ 3a
3
400 M
-
l/

Critical Point
300 374°C; 22.06MPa

200

B ME-409 ENERGY CONVERSION AND RENEWABLE ENERGY



-] U2 ;3de@uakn3uruea-3uon] — uaAn8N uep-Suon)

Take-home message
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ePFL - Take-home message

= Coal resource, to be

= Coal
* SOy, NOy, PM, CO,
* BUT mitigation technologies

Tuong-Van Nguyen — tuong-van.nguyen@epfl.ch

. in coal power

= Bottom line: coal is bad, but it could be worse
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Questions?

Tuong-Van T
Nguyen | VA




