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Primary and secondary energy

Major primary and secondary sources of supply
: L Secondary
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How to measure energy?

> Heating value: of a substance, usually a fuel or food is
the amount of heat released during the combustion of a
specified amount of it

> Higher heating value

Gross/Higher calorific value (GCV/HCV)
Lower heating value

Net/Lower calorific value (NCV/LCV)

NCV = GCV - water evaporating heat










Units of Energy

Kilocalorie (or kcal) = 1000 calories
Kilojoule (or kJ) = 1000 joules = 0.24 kcal
Joule (J) (S): work or energy unit

1kWh = 860kcal = 3600kJ




The difference between power and energy

- Power is the rate at which energy is transferred,
used or transformed.

- Power is energy divided by time




Laws of thermodynamics

First law of thermodynamics (conservation)

Energy can be changed from one form to another, but it cannot be created or
destroyed. The total amount of energy and matter in the Universe remains
constant, merely changing from one form to another

Second law of thermodynamics (entropy)

In all energy exchanges, if no energy enters or leaves the system, the
potential energy of the state will always be less than that of the initial state

- Energy conversions are not 100% efficient

- This law is used to calculate the energy efficiency




Law of conservation of mass

The mass of an isolated system (closed to all matter and
energy) will remain constant over time. Mass cannot be created
or destroyed, although it may be rearranged in space and
changed into different types of particles.

- This law is used in energy and mass equivalent calculation




Energy efficiency (EE)

> Energy efficiency
— (Economical) Energy used per unit of GDP of value added
— (Building) Energy used per floor area
— (Transportation) Energy used per a unit of distance, per capita, per weight
— (Production) Energy used per a unit of production
» Energy conversion efficiency

Energy efficiency

Exergy efficiency




What is energy conversion efficiency?

Hiéu suat chuyén di NL (EE) Conversion Example | EE (%)
A .| X NL hibu Chemical > Boiler 70-90
NL vao, K) | Nelhot > ich (K] thermal |
Y NL that Electrical>me Electric
thoat (k) chanical Motor 70-90
Hieu suat (%) — X_ 100 Thermal->mec >team
A hanical turbine 45

Effective energy use: less energy to do the same function

Example: Use compact Fluorescent lamp instead of traditional lamp (use
only 1/5 energy to do same function of lighting the room)




What is energy conversion efficiency?

Less energy, less CO2 emission

L

-
Incandescent Lamp Compact fluorescent Lamp
100 W 18W

CO2 emission: 100g/hr CO2 emission: 20g/hr




Energy conversion efficiency

Water boiling heat>

Water evaporating heat>

The greater
numbers of
Electricity generating by turbine-> conversion
steps, the

lower of EE

Turbine rotating work->

Electricity generating by generator>

Lamp lighting electrical energy—>




Energy Inputs

System

u.s.
economy

and
lifestyles

B Nonrenewable fossil fuels
B Nonrenewable nuclear

I Hydropower, geothermal,

wind, solar
B Biomass

© 2001 Brooks/Colo Publishing/ITP

Outputs

Useful energy

[ Petrochemicals

B Unavoidable energy
waste

I Unnecessary energy
waste



Conversion efficiency

*Definition (How much work converted from heat)

)

e Limitation (Maximum conversion ratio)

Qﬁ Qﬁ ‘T;r

(IMPORTANT) Maximum conversion ratio is given by a
function of absolute temperatures.




Problem: Maximum efficiency

» Assuming a coal power plant

-Vapor temperature: 900K

-Ambient temperature: 300K
> How about the case of nuclear power plant
-Vapor temperature: 600K
-Ambient temperature: 300K




Solution: Maximum efficiency

> For coal power plant
n-1=1-300/900 = 0.66
(in real: n = 42% - 50% for IGCC)
-Vapor temperature: 900K
-Ambient temperature: 300K
> For nuclear power plant
n-1=1-300/600 = 0.5
(In real: n ~ 35%)




Empirical Law

= The heat can naturally transfer only from the
medium with higher temperature to that with lower
temperature.

= |t is impossible to convert all the heat taken
from a body of uniform temperature into work
without causing other changes (Kelvin’s principle).




Definition of Exergy

The exergy (W) of a system is the maximum useful work possible

during a process that brings the system into equilibrium with a
heat reservoir.

W = (1 —E}c:dT

W= L(l——}'[dT | CdT - TL'E=(U —U,)-T,(5,-S,)

Exergy of heat available at a temperature

—o(1——Lo_
w=0(1 -

SOUNFCE




Energy and Exergy Efficiency

Energy  Exergy

District heating boiler 0.85-1.05 0.15-0.18
Power plant boiler 0.90 0,50
Power plant 0.40 0.39
Cogeneration of power and heat 0.85 0.40
Electrical water heater 0.33 .06
Heat pump 1.20 0.20

http.//www.lcube.eu.com/relevant_links/Exergy_Builds/WHAT_IS_EXERGY.pdf

Efficiency: Ratio of Energy (Exergy) output by Energy (Exergy) input




Energy flow for cement production

Petroleum-coke and heavy fuel




Exergy flow for cement production

'ﬁ

Petroleum-coke and heavy fuel
Useful energy (68%)
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Boiler

.
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1. Combustion reactions of fuels

Complete combustion reaction

- C+ 0,2 CO, + 8084 kcal/kg C
Incomplete combustion reaction

- C+1/20, =2 CO + 2430 kcal/kg C™

H combustion

- 2H+1/20, 2 H,0 + 28.922 kcal/kg H
S combustion

- S+0,250, + 2224 kcal/kg S




Combustion process (theoretical)

Fuels Air (kg)/Fuel (kg) CO2 %
Solid fuels

Bagasse 3,3 10-12
Coal (bitumen) 10,7 10-13
Lignite 8,5 9-13
Rice husk 4.5 14-15
Wood 5,7 11,13
Liquids fuels

Oil 13,8 9-14

low sulfur oil 14,1 9-14




Excess air coefficient

> Definition of excess air

In industry, combustion excess air is supplied in addition to
theoretical amount required for combustion

» Excess air coefficient

A = supplied amount/theoretically required amount

» Too high A

Causes decrease in combustion temperature and thermal efficiency
» Too low A

Incomplete combustion reaction, high CO amount, decrease in boiler
efficiency, etc

Optimal A ?




Optimal excess air coefficient

Fuels A [02] % of exhausted gas
Gas 1,1 2,2

FO ]12 4’0

Firewood 1,3 4.5

Coal

Powder 1,25-1,30 4,3-4.9
Chain-grate 1,35-1,40 5,5-6,0




Typical excess air coefficient of fuels

Fuels Combustion chamber type Khidu
(% theo khoi
lur'erng)
Milled coal |L¢_nu@c lam mat hoan toan de loai bo xi 15-20
hoac tro kho
tﬁpu'&c lam mat mot phan dé loai bo tro 15-40
G
Coal Buong |¥a ghi co dinh 30-60
BuGng Itra ghi di ddng nu'dic lam mat 30-60
L& ghi xich va |6 ghi di dong 15-50
Buong |ta nhién liéu cap du'di 20-50
oil Lo dot dau 15-70
Lo dot da nhién liéu va ngon Ifa bing 20-30
" Gas L& dot ap sudt cao 5-7
Firewood |Dang Dutch (10-23 % qua ghi 18) va dang 20-25
Haofft
[Bagasse Tat ca cac la 25-35
bitumen mvi qua trinh bdt hoa soda 30-40







Boiler types

Fire tube boiler

Water tube boiler

Spreader stoker boiler
Chain-grate or Traveling-grate Stoker boiler
Pulverized Fuel Boiler

Waste heat recovery boiler

2.

>

>

» Package boiler
>

>

>

>

>

Fluidized bed combustion (FBC) boiler




Fire-tube boiler

» Working principle B

- The heat of the gases is transferred }
through the walls of the tubes by
thermal conduction, heating the
water and ultimately creating steam.

> Application

'-'l'!'l'l'l'l'-'lI

- Small capacity (12 ton/h)
- Low pressure (18kg/cm?2)
> Fuels:

—-Coal, oil, gas

> Package design




Water-tube boiler
» Working principle

— Water circulates in tubes heated
externally by the fire. Fuel is burned
inside the furnace creating hot gas
which heats water in the steam-
generating tubes

> Application
— Capacity: 4,5-120 ton/h
- High thermal efficiency
» Fuels:

- Qil, gas (package design ), solid

steam &y

outlet
[ i-\
water

\tﬁ" Li ) | inlet

/
).
S

alr - ’\ l'
and [\"% 2 Tie
fUE] m—
nlet

L

combustion  water
chamber tubes




Package boiler

> Package boilers require less fuel and
electric power to operate

> Operates more efficiently if the oxygen
concentration in the flue gas is reduced

> The typical package boiler is a water
tube boiler or flue and smoke tube boiler
with a capacity of 5 to 20 t/h (average
steam generation capacity)

> The most widely used fuels are heavy
oil, light oil, and gas.

> Fire-tube boiler




Spreader stoker boiler

» Working principle

— Spreader stokers utilize a
combination of suspension burning
and grate burning.

— The coal is continually fed into
the furnace above a burning bed of
coal.

> Application

- This method of firing provides
good flexibility to meet load
fluctuations, since ignition is almost
instantaneous when firing rate is
increased.

— Be favored over other types of
ers in many industrial applications.




Chain-grate or Traveling-grate Stoker boiler

» Working principle

Coal is fed onto one end of a moving steel
grate.

As grate moves along the length of the
furnace, the coal burns before dropping off

at the end as ash. WRRENON L

> The coal-feed hopper runs along the '
entire coal-feed end of the furnace.

A coal gate is used to control the rate at EvL -
which coal is fed into the furnace by
controlling the thickness of the fuel bed.




Pulverized Fuel Boiler
» Working principle

— The coal is ground to a fine powder, blown
with part of the combustion air into the boiler
plant through a series of burner nozzles.

— Secondary and tertiary air may also be
added. Combustion takes place at
temperatures from 1300-1700°C

> Application

— For coal power plants and industrial water-
tube boiler

— One of the most popular systems for firing
pulverized coal is the tangential firing using
four burners corner to corner to create a
fireball at the center of the furnace




Waste heat recovery boiler

» Working principle

— Generate steam by recovering
the heat value in the stream.

Salvage waste heat (at high-
medium temperature)

> Application

Widely applied to waste heat from
gas turbines or diesel engines

Directly use for heat processes

Common in the process industries.
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Fluidized bed combustion (FBC)
Boiler

— Combustion at 8400C - 9500C

— High combustion efficiency and less
pollutants of SOx and NOx

— Fuels: Coal, rice husk, bagasse,
agricultural by-products

- Types:

AFBC: pressurized fluidized bed
combustion

PFBC: pressurized fluidized bed
combustion

CFBC: circulating fluidized bed combustion
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3. Boiler efficiency assessment
» Evaporation ratio

> Boiler efficiency

» Energy balance and heat loss

—Heat loss in flue gases

- Bottom blow-down calculation

— Boiler waste water treatment




Evaporation ratio

(Quantity of Steam (reéneration
Quantity of fuel Consumption

Evaporation Ratio =

Typical evaporation ratios:

Coal combustion boiler at pressure of 10 bar: 6
Oil combustion boiler at pressure of 10 bar: 13
Means.

1 tons of coal can generate 6 ton of steam

1 tons of oil can generate 13 ton of steam




Boiler efficiency

> Definition

Heat output
Heat Input

Boiler Efficiency, n x 100

Heat in steam output {I:L".‘ul.ti‘Jt 100
Heat in Fuel Input  (kCals)

> Calculation method
— Direct

- Indirect
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trong do:

7y U SUat noi hai
M, luteng hai sinh ra,
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Energy balance of boiler

\

STEAM




Heat loss of boiler

12,7%

" Heat loss in flue gases
8,1%

Heat loss in flue steam
1. 7%

Fuel humidity

100%

> 4% Air humidity

~5s. | Radiation and convection

\ Bottom blow-down

Heat in steam
out put




Heat loss in flue gases

» Formula

Q=m-C,-AT
+ Simplify:
- (T, khoi _lo Tmng_qnana

Heat loss ‘(%) =
Measure CO2 directly (%)

a =053 Gas
o =0.56 Oil
o =0.65 Coal




Problem: calculate heat loss in flue gases

For a coal boiler:

— Operated at excess air mode (excess 02: 205-236%)

- Coal consumption: 6 tons/day

- Flue gas temperature: 4250C

- Flue gas composition: 02 = 12,0%;

CO2 =9,0%; CO = 13236mg/m3; NO = 20-27mg/m3, NO2 =
4-8mg/m3; SO2 = 249-436mg/m3; CxHy = 499-533ppm

Calculate % heat loss in flue gases?
Heat loss reduction solutions?




Solution

> Heat loss in flue gases

% loss = 0,65.[(425-200)/9] = 16.25%
» Heat loss reduction:

- Solid particulates at the bottom (too high flue gas
temperature)

—>Treat input water

—>Remove solid particulates

- High excess 02 - reduce input air
- Recover waste heat

- Improve thermal isolation




Flue gas temperature and heat loss

Flue gas temperature (T) influences heat loss

= Thigh™ heat loss

- T\ow =2 high humidity > corrosion (due to the presence of SO2, SO3)
— Optimal temperature: 180-2000C




Flue gas heat recovery

> Due to large amount of heat, flue gas heat can be
recovered to:

— Dry air before entering the combustion chamber
- Heat feedwater before entering the boiler

> Benefits

Reduce the flue gas temperature

Increase the temperature of feedwater

Improve efficiency and reduce fuel amount




Heat loss in bottom blown-down

Formula

{1 =V. (Hn5 - Hm:}: kJ ."IIE"

Where:

V: Bottom blown-down water (kg/s)
Hns: specific heat of boiling water

Nc: specific heat of feedwater
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Bottom blown-down calculation
> Formula

TDS x % feedwater volume

Blowndown =
Maximum TDS of boiler water

> Reduce operation and treatment cost by control the blowdown rate
— Reduce consumption of treated feedwater
- Reduce the maintanance time

- Increase the life-span of the boiler

- Reduce chemical amount
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Heat loss from steam pipes

» Causes:
Bad steam pipe isolation
Inappropriate distance with the boiler
Steam pipe leakage

> Formula

. —T
S=(104+—2m _—m T _T
|: 2'.'} :|{ bm mr)

S: Heat loss (through pipe surface), kcal/h.m?2
Tbm: pipe surface temperature

Tmt: surrounding temperature



Fail Thermal Insulation




o 0 o

Without thermal msulation 50 mm with thermal msulation 1 0'] mm with thermal insulation

heat loss 320 Wim 29 Wim 19 Wim

Comparizon between 50 num with thermal msvlation and the case without thermal msulation
320-29=201 W per m (263 lits/vear)

Comparizon between 50 mm with thermal msulation and 100 mm with thermal msulation
29-19=10 W per m (9 lits/year)

B e



Oil Loss Because of not using thermal
insulation for pipes (lit/meter/year)

Temp. o) © © ¢ ¢
(°C) (25 mm) | (50 mm) | (75 mm) | (100 mm) | (150 mm)

50 15 28 40 50 68
100 74 133 190 250 360
150 160 288 410 472 680
200 248 426 620 786 1136
250 340 628 916 1182 1713
300 482 895 1290 1628 2428




Thickness of thermal insulation

Tube diameter (mm) Flat
25 50 75| 100| 150 surface

Temperature

<100°C| 25| 25| 50| 50| 65 50

100-150°C| 25| 25| 50| 50| 65 75

150-200°C| 25| 40| 50| 65| 75 90

200-250°C| 25| 50| 50| 65| 75 90

250-300°C| 25| 50| 50| 75| 90| 100

The thickness of thermal msulation can be deternuned by balancing the
cost of heat loss and the cost of thermal insulation




Thickness of thermal insulation

Cost

Thickness of thermal
insulation

plagetermining the efficient thickness of thermal insulation




Thermal insulation materials

types

Applications

Advantages Disadvantages

Polystyrene

is made from the
monomer styrene

Work in low
temperature, -1670C -
820C, mainly used in
refrigeration room

Hard, light
weight/combustible,
low-melting point

Polyurethane

is polymer composed
of a chain of organic
units joined by
carbamate
(urethane) links.

Work in low
temperature, -1780C -
40C, mainly used in
refrigeration room

Closed structure, low
density/combustible,
generate poison gas

Mineral fibre

s made by melting
basalt mineral at
15000C. Other
materials of phenol
family are also put
into

Work well even with
820°C. Used for
thermal insulation in
industrial furnace,
dried devices, boiler,
high-temperature
tubes

A large range for
density, is inert
material, anticorrosion

T —




fypes

Applications

Advantages/Disadvantages

Fibreglass

is a fiber reinforced
polymer made of a
plastic matrix reinforced
by fine fibers of glass

Work well even with
540°C. Used for thermal
insulation in industrial
furnace, dried devices,

boiler, high-temperature
tubes

Agelessnhess/slight
alkalinity

Silicate carbon

It is one of group of
compounds obtained by
reacting calcium oxide and
silica in various ratios

Work well even with
1050°C. Used for
thermal insulation in
furnace wall, refractory
materials

Low heat conductibility,
maintain shape in
working temperature, light
materials, stable structure,
moisture less, anti-
corrosion

ceramuc fibre

is an aluminosilicate based
refractory fiber, white and
odorless

Work well even with
1430°C. Used for
thermal insulation in
calcinatory furnace,
incinerator,

Suitable with different
applications
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ROTARY KILN FOR CEMENT
PRODUCTION

.



CO2 REDUCTION POTENTIAL
IN CEMENT INDUSTRY

Energy Efficiency Improvement
= Fuels: clinker kiln, drying
= Electricity: grinding, other drives

Alternative Fuels
= Switch to lower emitting fuels, including wastes

Product Changes
= Limestone addition
= Blending (slags, fly ash, pozzolans)

Other
= Raw meal mix (steel slags)
= Product changes (alkaline/CKD)




ENERGY CONSUMPTION PER TONNE OF CLINKER

BY COUNTRY,
INCLUDING ALTERNATIVE FUELS

.0 — S
China
R T B T WEIQHH_"I'.'.I dvérage
— CAnada
N Korea
Incia
N _,/‘\\ - SFIE"-I
8 —— et T — Gemany
- 35 ---------- _ . I - - - - o] —__ Ny .
[ Thailand
b— B
e 1 4| S ——— Mexico
v 2.5
)
c
J 2.0 ' '
1920 1995 2000 2004

Source: |EA, 2007 a.
Mote: Care must be taken in interpreting the absolute values In this figure, due to the possibility that countries are using different boundaries

and definitions




SPECIFIC HEAT CONSUMPTION BY KILN TYPE
(TOTAL HEAT OF THE CLINKER BURNING PROCESS)

(MJ/t)
6,000

5,000
4,000
3,000
2,000
1,000

0




Thermal Energy Consumption

M t—zement

2400

2200

2000

q\.
™,
\“‘FA\;_,\ Include alternative flel /././.
2500 5
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Exclude alternative fuel —

2400
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D:/ /www.jcassoc.or.jp/cement/2eng/eh1.html



NSP KILN

Exhaust gas
to raw materal mill

Smokestack
Dust collector

Raw material

-~

e
Fluidi2ed bed
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|
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T
Prmary waste heat . burnefw
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| Rotary Kiln

—

- Cooling air
Fluidized bed fan Clinker cooler



ROTARY KILN FOR CEMENT PRODUCTION




Details of alternative resources

twinits million tons)

ltem 005 | 2006 | 2007 | 008 009
% % L % % %
Blast furnace slag 9. 100.0 9.7 105.4 9.3 - 959 8.7 936 16 B7.4
Goal ash 721 1043 70f 972 75 1045 71 973 68 058
Sewaege,5ludee 25 962 30 1200 3.2 ' 106.7 3.0 934 26 867
by-product Gypsum 27| 1038 28} 1087 2.6 92.9 25 96.2 21 840
Waste soil from construction 2.1 1236 26 1238 26 100.0 28 1097 2.2 786
Nonferrous slag 131 1000 111 846 1.0 909 0g! 900 08! 889
Cinder.soot 121 1091 10) 833 12 120.0 111 917 111 1000
Steel mie slag 0.5 100.0 0.6 120.0 0.b g3.3 0.5 100.0 0.3 6i0.0
Wood chips 03} 1000 04! 1333 0.3 75.0 041 1333 05! 1250
Waste plastic 0.3 100.0 0.4 1333 D4 ' 100.0 0.4 100.0 0.4 100.0
Others [ 23] 1000 23| 1000 2.3 100.0 211 913 19| 005
206 | 1028 | 308} 1044 | 307 004 | 2957 961| 263 802
400 423 436 448 451
http://www.jcassoc.or.jp/cement/2eng/eh3.html s
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Heating and Cooling in

beer Production
(Effective Energy Use)
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Energy distribution and energy
consumption in beer factory

Enerav C : Thermal Energy Electric Energy
nergy Consumption consumption consumption
Coolking systems 90% + 60% 10% + 20%

Pasteurization systems

Cooling systems

10% + 20% 20% = 30%

Device cleaning systems

Lighting systems -




A. VRC -Vapor Re-Compression

Save energy
by gas reuse

Conventional heat recovery system VRC system

;_l Vapar Re-Compressior] system
=
@ Exhamst steam I.“\.‘E_ | Recovery as hot water ﬁ

Gas generated
with high energy




CCS-Cascade Cooling System

» Consume less energy than the conventional system

Conventional System Cascade Cooling System

T.=35°C COP=8.06

COP=4.87




C. Opt. Past system

» Past-pasteurizer:
keep bear in 60°C
in 10 minutes -
needs a large
amount of gas

» After that, keep
bear in 35°C before

another process

[EC)




Hot water
stream—




D. Sewage purification by anaerobic
waster water treatment and biogas boiler

Consumed
Waste water Fixed bed

water volume frot or UASB

. rewhouse and |
10 times larger e e R e

than beer l ]

volume

Organic waste
content in
Sewage is high,
and it should
be treated by
anaerobic WWT

] Bio-gas boiler

-

Gas compressor

q--u-n-n-u-uqnn---1

Gas holder

|

Biogas
generated is o
used as input

sxboiler




Thanh Hoa beer factory

v

Vapor re-compression

Improving Ice Thermal Storage, Cascade Cooling
Optimization of Pasteurizer

Sewage purification by anaerobic disintegration process

v

v

>

Fermentation devices



Energy benefits and
environment

Thanh Hoa beer factory: 100% installed in Vietnam

» Energy save: 63.487 toe/year

» KNK emission reduction:196.425 tons CO,/year




Conclusions

» There is a limit to convert thermal energy to other
form of energy.

» Exergy analysis is useful to evaluate the efficiency

» To raise the efficiency, the efficient use of thermal
energy should be focused.

» For the future, total energy management system
will be effective.




Thank you !




