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Thermal Power Technologies
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» Fossil fuels (o1l, gas, coal)
= Coal analysis
* Heating values

= Combustion processes
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Classification of Fuels
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Primary Fuels (oocconan)
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Destructive Distillation
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Classification of Coal
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Coal Analysis
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Calorific Value (Heating Value) x00:53:
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Ngin = ecoocess Mol meqmopod
kcal/kg = MlJ/kg * 238.846
Btu/lb = MJ/kg *429.923
Btu/lb = kcals/kg * 1.8
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Fuel # HHV MJ/kg # HHVBTU/lb # HHV kJ/mol $ LHV MJ/kg #
Hydrogen 141.80 61,000 286 119.96
Methane 55.50 23,900 889 50.00
Ethane 51.90 22,400 1,560 47.80
Propane 50.35 21,700 2,220 46.35
Butane 49 50 20,900 2877 4575
Pentane 48.60 21,876 3,507 4535
Gasoline 47.30 20,400 44 4
Paraffin wax 46.00 19,900 41.50
Kerosene 46.20 19.862 43.00
Diesel 44 80 19,300 43 4
Coal (Anthracite) 32.50 14,000
Coal (Lignite) 15.00 8,000
Wood (MAF) 21.7T 8,700
Wood fuel 24.2 9,142 17.0
Peat (damp) 6.00 2,500
Peat (dry) 15.00 6,500
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Combustion of Hydrocarbons cooocogé:ofcoos
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Natural gas is mostly methane, which is
made of carbon and hydrogen.

Methane reacts with the oxygen
in the air,

The carbon bonds with the
oxygen to form carbon dioxide.

All Hydrocarbons burn to give CO, and H,O.
Burning is also called combustion. e mdioamrboriiiviivihe

oxygen to form water.

Fuel + oxygen ----- » carbon dioxide + water

Any substance that contains Carbon and Hydrogen gives CO; and H,O when
burned.
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Schematic Diagram of a Typical Thermal Power Plant
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Diagram of a Typical Steam-Cycle Coal Power Plant

Generator
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Condenser Cooling Water Condenser
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Cost and Performance Projection for a Pulverized Coal-Fired Power

Plant (606 MW)

Construction . l Spin Ramp
Capital Cost | Variable O&M | Fixed O&M | Heat Rate Schedule POR | FOR | Min Load Rate

($/kwW) ($/MWh) ($/kw-Yr) | (Btu/kwh) (Months) (%) | (%) (%/miin)
2008 3040 - - - - - -

2010 2890 3.71 23.0 9,370 55 10 6 40 2.00
2015 2890 .71 23.0 9,370 55 10 6 40 2.00
2020 2890 3.71 23.0 9,370 55 10 6 40 2.00
2025 2890 3.71 23.0 9,000 55 10 6 40 2.00
2030 2890 3.71 23.0 9,000 55 10 6 40 2.00
2035 2890 .71 23.0 9,000 55 10 6 40 2.00
2040 2890 3.71 23.0 9,000 55 10 6 40 2.00
2045 2890 3.71 23.0 9,000 55 10 6 40 2.00
2050 2890 3.71 23.0 9,000 55 10 6 40 2.00

Emission Rates for a Pulverized Coal-Fired Power Plant

PM10
{Lb!mmhtu} [Lh!mmhtu] (Lb/mmbtu) [%remuval] [Lh;’mmhtu}

0.055 0.05 0.011



Capital Cost Breakdown for a Pulverized Coal-Fired Power Plant

$150/kW , 5%

-

$490KkW , 17%

$265/kW , 9%

$215/kW , 8%

Total: $2,890/kW +35% $1.770/kW . 61%

M Turbine equipment

Boiler equipment
M Balance of plant/Installation
B Engineering, procurement,

construction management services

® Owner’s cost



Existing Coal Fired Thermal Power Station

Annual Project Cost
Name of Installed Annual | Required | Commi- -
Sr. -I:ru iy Location Capacity Energy | Amount | ssioned L.""_“I P“_"e"g“
’ (MW) (GWh) | ofCoal | Year | (million) | (million)
(Toms)
1 | Tigvit (Coal Pinlaung, | (60M[Wx2Nos) 600 640,000 25-12-04 K USS
Fired) Shan (S) 120MW 15115.185 42.936
State 3-5-05
Total 120

Tigyit Coal-fired Thermal

Installed Capacity -120 MW
Annual Energy Generation -600 GWh

Location - Shan State
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Future Generation Plan

Installed Annual Eitu::llltl
Sr. Name of Project Location Capacity Energy 9
W) (GWh) Amount of
A Coal (Tons)
1 Htoo Htantapin (135AI'Wx4Nas)
Yangon S400N W
1*t Phase (135MWx2Nos) 2.160 1.000.000

270MW

Ll
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Principles of Carbon-based Fuels
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Thank you for your attention
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Part I: 1.2 Thermal Power Technologies

Diesel Engine Power Plant

» Components of diesel engine power plant
» (Co-generation

» (asification technology




Diesel engine (compression-ignition engine)
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Cogeneration or combined heat and power (CHP)
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Cogeneration or combined heat and power (CHP) mpsc og000ga:amns
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Trigeneration or combined cooling, heat and power
(CCHP)
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Trigeneration or combined cooling, heat and power
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A cogeneration plant in Metz, France.

A 250 MW cogeneration plant 1n
Cambridge, Massachusetts
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$209/kW , 17% $1TTRW | 14%

$57/kW , 5%

N Gas turbines
$68/kW 6%

Steam Turbines
B Balance of plant

B Engineering, procurement,
construction management services

B Owner's cost

Total: $1 ,23EHRW + 25% $719 kW, 58%

Figure 3. Capital cost breakdown for a combined-cycle power plant
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Table 4. Cost and Performance Projection for a Combined-Cycle Power Plant (580 MW)

Spin Ramp | Quick Start

Construction
Capital Cost | Variable O&M | Fixed O&M | Heat Rate Schedule FOR | Min. Load Ramp Rate
(5/kw) ($/MWh) (Btu/kWh) (Months) (%/min)

2008 1250 — = = - e - - - —

2010 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2015 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2020 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2025 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2030 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2035 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2040 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2045 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50
2050 1230 3.67 6.31 6,705 41 6.00 4.00 50 5.00 2.50

Table 5. Emission Rates for a Combined-Cycle Power Plant

50, NOy PM10 o,

(Lb/mmbtu) | (LB/mmbtu) | (Lb/mmbtu) | (Lb/mmbtu)

0.0002 0.0073 0.0058 117



Part II: 2.1 The effects and sources of exhaust gas
emissions

How the gaseous are emitted

Aftection from the gaseous emission to the environment

Amount of gaseous emitted to the environment

Formulas of converted from energy used to gaseous emission



Greenhouse gas (GHG) emits from fossil fuel combustion.
clearing of forests, transportation, mobile

CO,. N,O, CH,, black carbon

Greenhouse gas

absorption: 350

Heat and energy
in the atmosphere

o=
I The

324 1 Greenhouse
168
\/l Effect
N4 % - . -> -
Earth's land and ocean surface
warmed to an average of 14°C 35
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Steam from tailpipe A diesel-powered truck
of cold car emits an exhaust gas
when starting 1ts engine.

Emissions from Emissions ftrom

marine diesel engine Industrial
Smokestacks
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Reducing NOx emission

Humid Air Method

Exhaust Gas Re circulation (EGR)

Water Injection and Water emulsion

High Scavenge Pressure and Compression Ratio
Selective Catalyvtic Reduction

Two Stage Turbocharger

Engine Component Modification

Use of Low sulphur fuel oil

'Exhaust Gas Scrubber Technology

Cylinder Lubrication




NOx damages our environment
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Greenhouse gas (GHG) conversion factors
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units (kg carbon dioxide equivalent, keCO,e per unit)

To convert trom 200 litres of petrol to kgCO,e emissions?
200 litres petrol = 200 x 2.3144 = 462.88 kgCO,e per unit

multiplied by

q p» kg of carbon

enerey consume d conversion jdcior _— :

=3 | : > dioxide equivalent
(kWh)

per unit




Table of Conversion Factors

C = 0O

(33900501@030:085 @q}cqa;)@@']og@g' aarcﬁ[:%[:o%_@ﬁ conversion factor cﬂo:o%

< "l <
G(SOE:}OC}OEU CDEII

Converting fuel types by unit volume CH, N,O Total Direct GHG

Aviation Spirit litres X 2.2205 0.0202 0.0220 2.2626

Aviation Turbine Fuel' litres X 2.5258 0.0013 0.0249 2.5519
Biofuels See Annex 9

Burning Oil’ litres x| 25319 00055 0.0069 2.5443
CNG * litres x| 04758] 00007 0.0003 0.4768
Diesel (average biofuel blend)'"" litres X 2.5636 0.0009 0.0190 2.5835
Diesel (100% mineral diesel)' tres x| 26569] 0.0009] 0.0191 26769
Gas Oil ’ litres X 2.7595 0.0030 0.2587 3.0213
LNG ° litres x| 1.2302] 0.0018]  0.0007 1.2328
LPG litres X 1.5301 0.0007 0.0018 1.5326
Natural Gas cubic metre | x 2.0280 0.0030 0.0012 20322
Petrol (average biofuel blend)'"" litres x|  22332] 00033] 0.0058 2.2423
Petrol (100% mineral petrol) litres x| 23051 00033] 0.0059 23144
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Table 2: Source Emussion Factors — Stationary Fuel Combustion?2!

o "l & o oc &
30 01006E 080G TPEORAI§CI0 I

Fuel Type Units Bio CO: CO: CHq NzO COze
Natural Gas kg/ m3 - 1916 0.000037 0.000035 1.928
Propane kg/ L - 1.507 0.000024 0.000108 1.541
Acetylene kg/m? - 3.719 : 5 3.719
Light Fuel Oil kg/ L 0.0980 2.616 0.000026 0.000031 2626
Kerosene kag/ L - 2.534 0.000026 0.000031 2544
Diesel Fuel kg/ L 0.0980 2.557 0.000133 0.0004 2684
Marine Diesel Kag/L 0.0980 2.557 0.00015 0.0011 2901
Gasoline kg/ L 0.0747 2175 0.0027 0.00005 2247
Wood Fuel - Industrial kg/ kg 0.840 - 0.00009 0.00006

(50% moisture) 0.020
Wood Fuel - Residential ka/ kg 1.696 - 0.015 0.00016 0.365

Ethanol (E100) Kg/L 1.494 - a 3 a

Biodiesel (B100) Kg/L 2.449 - b b b

Biomethane Kg/m3 1.547 - ¢ c c

*Gasoline CH4 and N20 emussion factors (by mode and technology) are used for ethanol.
® Diesel CH4 and N20O enussion factors (by mode and technology) are used for biodiesel.

< Natural Gas CH4 and N2O enussion factors (by mode and technology) are used for biomethane.
* Note: Literature on CH4 and N20 enussions from Acetylene could not be obtamned.
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Component Emission Rate Annual pollution
emitted
Hydrocarbons 2.80 grams/mile (1.75 g/km)  77.1 pounds (35.0 kg)
Carbon monoxide  20.9 grams/mile (13.06 g/Km) 575 pounds (261 kg)
NO, 1.39 grams/mile (0.87 g/Km) 38.2 pounds (17.3 kg)
Carbon dioxide - 0.916 pounds per mile 11,450 pounds
greenhouse gas (258 g/km) (3.190 kg)

United Stateg from 2004-2007
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Microturbine

Distributed Generation Distributed Generation

Home Energy System



PartIl: 2.2 Gaseous Emission Reduction Technologies
(for CO,, SO,, Nox)

C Y
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CO, capture, storage and Utilization (CCSU)

Circulating fluidized bed (CFB )



Carbon Capture and Storage and Utilization
(CCSU)
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Geological storage
Ocean storage
Mineral storage
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CO, capture, storage and Utilization (CCSU)
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Carbonated Beverages *Greenhouse Gases

-
NG

NS

Enhanced
Fuel Recovery

Pust™

Biologlcal
Conversion

<Flavors/Fragrances
-Decaffeination

Carbonates ]

Polycarbonate &
Polymers é‘a =1 =
< £l o
oo
& £l
[ Fire Extinguishers «Blanket Products
=Protect Carbon Powder

-Shield Gas in Welding

Ferﬂliur]

Secondary
Chemicals

-Refrigeration

"é% =Dry Ice

*Injected into metal castings
*Added to medical O, as a respiratory stimulant

*Aerosol can propellant
*Dry ice pellets used for sand blasting
*Red mud carbonation




Circulating Fluidized Bed (CFB)
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Range of Applications

v oil and gas to power stations
v circulating fluidized bed scrubber
v’ circulating fluidized bed gasification system
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