


















































































































































































































































































































































































































































































































































































































































Chapter 12

Learning Objectives

In this chapter you will learn about

Iron and steel making routes

Primary and secondary steel making
process

Energy interaction in steel plants

Case example — Heat balance of rotary
hearth furnace in a secondary steel plant



Energy Auditors

After successfully completing this
chapter you will be able to
complete the following tasks:

v Understand the process of steel making
in primary and secondary steel sectors

v" Perform heat balance calculation of a

rotary hearth furnace



12. ENERGY PERFORMANCE ASSESSMENT OF STEEL
INDUSTRY

12.1 Introduction

Iron and steel is the largest consumer of energy among all industrial sectors. The sector
currently consumes about 10% of total electricity and 27% of coal used by Indian
industry. The energy cost contributes to nearly 30 — 35% of this sector’s production cost.
In a typical integrated steel plant the coking coal is the predominant source of primary
energy. It has long been an established fuel economy policy for integrated steel mills to
try their best in utilizing by-product gases derived from iron- and steelmaking, while
limiting purchase of fuels and electric power from outside. Some 40% is accounted for
by the byproduct gases.

12.2 Iron and Steel Making Routes

Currently there are two main routes for the production of steel: Production of primary
steel using iron ores and scraps and production of secondary steel using sponge iron and
scraps (Figure 12.1). A wide variety of steel products are produced by the industry,
ranging from slabs and ingots to thin sheets, which are used in turn by a large number of
other manufacturing industries.

Primary steel: Pig iron, the input for primary steel production is produced in a blast
furnace, using coke in combination with injected coal, to reduce sintered or pelletized
iron ore to pig iron. Limestone is added as a fluxing agent. Coke is produced in coke
ovens. Reduction of the iron ore is the largest energy-consuming process in the
production of primary steel. Besides iron, the blast furnace also produces blast furnace
gas (used for heating purposes), electricity (if top gas pressure recovery turbines are
installed) and slags (used as building materials). Further steel is produced by two
processes: open hearth furnace (OHF) and basic oxygen furnace (BOF).

While OHF uses more energy, this process can also use more scrap than the BOF process.
However, BOF process is rapidly replacing OHF worldwide, because of its greater
productivity and lower capital costs. In addition, this process needs no net input of energy
and can even be a net energy exporter in the form of BOF-gas and steam. The process
operates through the injection of oxygen, oxidizing the carbon in the hot metal. Several
configurations exist depending on the way the oxygen is injected. The steel quality can be
improved further by ladle refining processes used in the steel mill.

Secondary steel: Sponge iron and Scrap are melted and refined, using a strong electric
current, AC or DC, in an electric arc furnace (EAF) to produce steel. DRI is produced by
reduction of the ores below the melting point and has different properties than pig iron.
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Primary Steel Route Secondary Direct Reduction
Steel Route Route
Preparation| | Coke Oven 1 @ @

Y Y

| Blast Furnace | =
ra e
M El e:t)r ode. Direct Reduction Shaft

+ * * Electric Arc
BOF OHF Furnace Sponge lron

N

Primary Steel @

Casting (ingot/continuous)

v 1

Hot Rolling (profile,strip,wire)

Y

[ Cold Rolling |

Y

Finishing

[ I

Various Steel Products

Figure 12.1 Different process routes to steel making

12.3 Primary Steel Process

Steel production at an integrated steel plant using the primary process involves the
following four basic steps i.e,

e Production of coke and sinter / pallets from iron fines - Material preparation

e Reduction of iron ore in blast furnace-Iron making Figure 12.2 represents the
process flow chart of an integrated steel plant.

e Processing of molten iron to produce steel (Steel making)

e Steel forming and finishing.
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Figure 12.2 Process Flow Chart of an Integrated Steel Plant

Coke ovens-sinter-BF-BOF route

The most common steel making technology is the BF-BOF route. Coke is used in Blast
Furnace (BF) both as a reductant and as a source of thermal energy. It involves reduction
of ore to liquid metal in the blast furnace and refining in convertor to form steel. The
various stages of the steel plant is described below.

Coke making - coal carbonisation: In the coke-making process, bituminous coal is fed
(usually after processing operations to control the size and quality of the feed) into a
series of ovens, which are sealed and heated at high temperatures in the absence of
oxygen. Volatile compounds that are driven off the coal are collected and processed to
recover combustible gases and other by-products. The solid carbon remaining in the oven
is coke. It is taken to the quench tower, where it is cooled with a water spray or by
circulating an inert gas, a process known as dry quenching. The coke is screened and sent
to a blast furnace or to storage. A schematic diagram of Coke Oven Battery is given in
Figure 12.3.
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Quenching Chimney Coal

Tower |
Coke Oven Battery
P — —

Figure 12.3: Coke Oven Battery

The coal-to-coke transformation takes place as follows: The heat is transferred from the
heated brick walls into the coal charge. From about 375 °C to 475 °C, the coal
decomposes to form plastic layers near each wall. At about 475 °C to 600 °C, there is a
marked evolution of tar, and aromatic hydrocarbon compounds, followed by
resolidification of the plastic mass into semi-coke. At 600 °C to 1100 °C, the coke
stabilization phase begins. This is characterized by contraction of coke mass, structural
development of coke and final hydrogen evolution. During the plastic stage, the plastic
layers move from each wall towards the center of the oven trapping the liberated gas and
creating in gas pressure build up which is transferred to the heating wall. Once, the plastic
layers have met at the center of the oven, the entire mass has been carbonized. The
incandescent coke mass is pushed from the oven and is wet or dry quenched prior to its
shipment to the blast furnace.

Sintering

Sintering is a technology for agglomeration of iron ore fines into useful Blast Furnace
burden material. This technology was developed for the treatment of the waste fines in
the early 20th century. Since then sinter has become the widely accepted and preferred
Blast Furnace burden material.

The major advantages of using sinter in Blast Furnaces are :

o Use of iron ore fines, coke breeze, metallurgical wastes, lime, dolomite for hot
metal production

e Better reducibility and other high temperature properties

e Increased BF productivity

e Improved quality of hot metal

e Reduction in coke rate in blast furnaces

A Sinter plant typically comprise the following sub-units as shown in Figure 12.4.
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Figure 12.4 Sintering Process

The raw materials used are as follows - Iron ore fines (-10 mm), coke breeze (-3 mm),
Lime stone & dolomite fines (-3mm) and other metallurgical wastes. The proportioned
raw materials are mixed and moistened in a mixing drum. The mix is loaded on sinter
machine through a feeder onto a moving grate (pallet) and then the mix is rolled through
segregation plate so that the coarse materials settle at the bottom and fines onto the top.

The top surface of the mix is ignited through stationary burners at 1200 °C. As the pallet
moves forward, the air is sucked through wind box situated under the grate. A high
temperature combustion zone is created in the charge -bed due to combustion of solid
fuel of the mix and regeneration of heat of incandescent sinter and outgoing gases. Due to
forward movement of pallet, the sintering process travels vertically down.

Sinter is produced as a combined result of locally limited melting, grain boundary
diffusion and recrystallisation of iron oxides.

On the completion of sintering process, finished sinter cake is crushed and cooled. The
cooled sinter is screened and + 6 mm fraction is despatched to blast furnace and -6 mm is
recirculated as return sinter.

Blast Furnace

The Blast furnace iron making process (Figure 12.5) basically consists of the conversion
of iron oxide to iron in liquid form. This requires reductant for reduction of iron oxide
and heat for the reduction reaction to take place and melting the products of smelting.
The primary source to fulfill both these requirements is carbon (in the form of coke),
which shares major portion of cost of hot metal production.

The raw materials passes through numerous chemical and physical reactions while
descending to the bottom of the furnace. The iron ore, pellets and sinter are reduced
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which simply means the oxygen in the iron oxides is removed by a series of chemical
reactions. These reactions occur as follows:

1) 3 Fe; O35 + CO = CO; + 2 Fe;04 Begins at 450 °C

2) Fe;04 + CO = CO; + 3 FeO Begins at 600 °C

3) FeO + CO = CO; + Fe Begins at 700 °C
or

FeO + C=CO + Fe

iron ore,
limestone,
and coke

At the same time the iron oxides undergo these
purifying reactions, they also begin to soften, melt
and finally trickle as liquid iron through the coke to
the bottom of the furnace.

The coke descends to the bottom of the furnace to the
level where the preheated air or hot blast enters the
blast furnace. The coke is ignited by this hot blast
and immediately reacts to generate heat as follows:

blast
furnace

hot air
C+ 02 = COz + Heat

Since the reaction takes place in the presence of
excess carbon at a high temperature the carbon
dioxide is reduced to carbon monoxide as follows:

CO,+ C=2CO Figure 12.5 Blast Furnace

The product of this reaction, carbon monoxide, is necessary to reduce the iron ore as seen
in the previous iron oxide reactions.

The limestone descends in the blast furnace and remains a solid while going through its
first reaction as follows:

CaCO;=CaO + CO,

This reaction requires energy and starts at about 875°C. The CaO formed from this
reaction is used to remove sulphur from the iron which is necessary before the hot metal
becomes steel. This sulphur removing reaction is:

FeS + CaO + C=CaS + FeO + C

The CaS becomes part of the slag. The slag is also formed from any remaining Silica
(S10;), Alumina (Al,O3), Magnesia (MgO) or Calcia (CaO) that entered with the iron ore,
pellets, sinter or coke. The liquid slag then trickles through the coke bed to the bottom of
the furnace where it floats on top of the liquid iron since it is less dense.
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Another product of the iron making process, in addition to molten iron and slag, is hot
dirty gases. These gases exit the top of the blast furnace and proceed through gas cleaning
equipment where particulate matter is removed from the gas and the gas is cooled. This
gas has a considerable energy value so it is burned as a fuel in the "hot blast stoves"
which are used to preheat the air entering the blast furnace to become "hot blast". Any of
the gas not burned in the stoves is sent to the boiler house and is used to generate steam
which turns a turbo blower that generates the compressed air known as "cold blast" that
comes to the stoves.

In summary, the blast furnace is a counter-current reaction where solids descend and
gases ascend. In this reaction there are numerous chemical and physical reactions that
produce the desired final product which is hot metal.

Hot metal produced in the blast furnace is sent to Basic Oxygen Furnace (BOF) for steel
making or to Pig casting machines for pig iron casting in ladles.

Basic Oxygen Furnace

The basic oxygen process is the most common process for producing steel. The basic
oxygen furnace is a pear shaped vessel lined inside with refractory bricks. The vessel
lining consists of tar bonded dolomite /magnesia carbon bricks or other refractories. The
vessel can be rotated 360° on its axis.

The 'heat' begins with the addition of scrap into the slightly tilted convertor, hot metal is
then added after straightening the convertor. Oxygen is blown into the bath through the
water cooled lance. The necessary fluxes are added during blowing. Flux addition is done
automatically and precisely through bunkers situated above the convertors. A sample is
taken after blowing for 16-18 minutes and temperature is measured using a thermocouple.
The steel is tapped by tilting the convertor to the tapping side and alloying elements are
added via chutes while metal is being tapped. The convertor is tilted to the charging side
in order to remove the floating slag.

During blowing operation, oxygen oxidises iron into iron oxide and carbon into carbon
monoxide. The iron oxide immediately transfers the oxygen to the tramp elements. The
center of the reaction has temperatures of around 2000-2500 °C. The development of
carbon monoxide during refining process promotes agitation within the molten bath. The
reaction of the tramp elements with the oxygen and the iron oxide developed in the center
of reaction leads to formation of reactive slag. As blowing continues, there is a
continuous decrease of carbon, phosphorous, manganese and silicon within the melt.
Phosphorous is removed by inducing early slag formation by adding powder lime with
oxygen. The refining process is completed when the desired carbon content is attained.
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Continuous Casting (CC)

Continuous casting (Figure 12.6) technique accounts for more than 60% of total liquid
steel in the world. The main advantages of steel processing through CC route are higher
yield, lower energy consumption, elimination of primary mills.

During continuous casting, the liquid steel passes from the pouring ladle, with the
exclusion of air, via a tundish with an adjustable discharge device into the short, water-
cooled copper mould. The shape of the mould defines the shape of the steel. Before
casting, the bottom of the mould is sealed with a so-called dummy bar. As soon as the
bath reaches its intended steel level, the mould starts to oscillate vertically in order to
prevent the strand adhering to its walls. The red-hot strand, solidified at the surface zones,
is drawn from the mould, first with the aid of a dummy bar, and later by driving rolls.
Because of its liquid core, the strand must be carefully sprayed and cooled down with
water. Rolls on all sides must also support it until it has completely solidified. This
prevents the still thin rim zone from disintegrating.

' .TShrcc'qu'ﬂ
e pe—Tundis
——Subentry Nozzle
Mould Powder
Mould (water cooled)
-Rollers

Liquid core
Water Supply

?Strand
<Straighting L cutting
Fas rolls h ﬁ‘%llabs

Roller'Table

Figure 12.6 Continuous Casting

Once it has completely solidified, the strand can be divided by mobile cutting torches or
shears. Intensive cooling leads to a homogeneous solidification microstructure with
favourable technological properties. The cast material is sold as ingots or slabs to steel
manufacturing industries. However, most of the steel is rolled by the steel industry to
sheets, plates, tubes, profiles or wire.

Rolling and Finishing
Generally the steel is first treated in a hot rolling mill. The steel is heated and passed

through heavy roller sections for reducing the thickness of the steel. Hot rolling produces
profiles, sheets, or wire. After hot rolling, the sheets may be reduced in thickness by cold
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rolling. Finishing is the final production step, and may include different processes such as
annealing, pickling, and surface treatment. A more advanced technology, near-net-shape
casting, reduces the need for hot rolling because products are cast closer to their final
shape. (Figure 12.7).

} @ N
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J .
: .\ Hat Rolled Hot Rolled
- : 6 1 . Strip Mill
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Figure 12.7 Rolling and Finishing

Energy Consumption

Iron & Steel industry in India is highly energy intensive. Major energy inputs in the
sector are coking coal, non-coking coal, coke & electricity. The specific energy
consumption in Indian Steel plants is quite high. It ranges between 6.17 GCal/ tcs to 8
GCal/ tes (tonne of crude steel). There is variation of specific energy consumption in
different steel plants. This is mainly because of different processes, quality of coal, types
of products produced & energy efficiency measures adopted by the plants. The details of
specific energy consumption by the Indian steel plants (GCal/ tcs) are given inTable 12.1.
below:-The specific energy consumption for Indian plants are much above the World
level of 4.5 GCal/ tcs.

Table 12.1 Specific energy consumption of Indian steel plants (GCal/tcs)

Plant 2008-09
Bhilai Steel Plant (BSP) 6.50
Durgapur Steel Plant (DSP) 6.50
Rourkela Steel Plant 7.09
Bokaro Steel Plant (BSL) 6.73
IISCO Steel Plant (ISP) 8.27
Rashtriya Ispat Nigam Ltd. (RINL) 6.77
Tata Steel Ltd. 6.59

Source: Joint plant committee, Government of India
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The major energy consuming process in iron making are coking, sinter making & blast
furnace. They consume about 61.3% of the total energy. The slabbing mill, hot strip mill
and cold rolling mill together with others account for 36.5% energy consumption. The
Table 12.2 gives the major portion of energy consumption in iron making.

Table 12.2 Energy consumption of different processes in a typical steel plant

Process Energy consumed % of total energy
10°kCal/tonne CS
—_
Coking 1.033 11.5 61.3% in iron
Sinter making 0.967 10.7 making
Blast furnace 3519 36.1
—_—
BOF (LD 0.202
(LD) 2.2 2.2% in steel
Slabbing mill 0.483 54 ~~ making
Hot strip mill 1.080 12.0 o/ :
Cold rolling mill 1.025 1.4 20.% i TOling
Other 0.91 7.7 —
(including losses)
Total 9.000 100.0
12.4 Secondary Steel Process
In the Electric Arc Furnace (EAF) ( Figure 12.8) osser calilee oraphite electrodes

steelmaking process, the coke production, pig iron .
production, and steel production steps are omitted,
resulting in much lower energy consumption. To
produce EAF steel, scrap is melted and refined,
using a strong electric current. Several process
variations exist, using either AC or DC currents and
fuels can be injected to reduce electricity use. The
EAF 1is equipped with eccentric bottom tapping,

ultra high power transformers, oxygen blowing, full  scrap steel refractory lining
foamy slag operation, oxy-fuel burners, and carbon

injection. Figure 12.8 Electric Arc Furnace
Process

In a typical heat cycle, commonly referred to as the “tap-to-tap cycle”, the cycle starts
with the charging of the furnace with steel scrap. After the furnace is charged and the roof
is in place, the operator lowers the electrodes, each of which has its own regulator and
mechanical drive. Current is initiated and the electrodes bore through the scrap to form a
pool of liquid metal. The scrap helps to protect the furnace lining from the high intensity
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arc during meltdown. Subsequently, the arc is lengthened by increasing the voltage to
maximum power. Most modern furnaces are equipped with water-cooled panels in the
upper half of the sidewall, rather than refractories, which allow for longer arcs and higher
energy input to the furnace. In the final stage, when there is a nearly complete metal pool,
the arc is shortened to reduce radiation heat losses and to avoid refractory damage and hot
spots. After meltdown, oxygen is injected to oxidize the carbon in the steel or the charged
carbon. The decarburization process is an important source of energy. In addition, the
carbon monoxide that evolves helps to flush nitrogen and hydrogen out of the metal. It
also foams the slag, which helps to minimize heat loss and shields the arc-thereby
reducing damage to refractories.

Energy balance

A typical energy balance (Sankey diagram) for a Bl Chamical
modern EAF is shown in Figure 12.9 & 12.10. \ Energy e
Depending upon the melt shop operation, about 60

to 65% of the total energy is electric, the remainder §0-85% | 3540%

being chemical energy arising from the oxidation of
elements such as carbon, iron, and silicon and the
burning of natural gas with oxy-fuel burners. About
53% of the total energy leaves the furnace in the
liquid steel, while the remainder is lost to the slag,
waste gas, and cooling.

Steel 474, Cooling

Losses

53 %
Figure 12.9 Sankey diagram for EAF /
10 % Slag
05071100 b
g Electncal E
Lime, Dolomite Entrained Air e km“:;"’?!’
\\-/‘|/_ {  Chemical Reactions 152.2 kWhi
Electrode Consumpbion 30.1 kWhit
Oil and Grease 20.6 KWhit
Carburization 1.3 kWhit
Balance Offset 13.6 KWhit
704.3 kWhit
Surface Heal Loss 9.0 kwhit
b Supply System Cooling 31.6 KWht
Fumace Cooaling 66.6 kWhit
\ Exhaust Gas 152.3 kWhA
Slag 45.6 KWh
.
Liq!u'd Steel
397.2 kWt

Figure12.10 Energy and material balance of EAF
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12.5 Case Example : Heat Balance of Rotary Hearth Furnace in a

Secondary Steel Plant

In a rolling mill of a steel plant, slabs are reheated in a rotary hearth furnace (Figure
12.11) for downstream rolling. The trial data is given below. Construct a heat balance.

Trial data

Rotary Hearth Furnace

Duration of Trial : 16 hrs

Secondar i
v 675°C
air fan

H

Heater —

Fuel : 5550 Its Primary air

fan

""" 2 700
Nm3/hr

Burners

Flue gas <

Input material : 93.5

Tonnes

Material out : 92 Tonnes
Scale loss : 1.6%
Temp.1300 °C

Figure 12.11 Heat Balance of rotary hearth furnace

Duration of trial - 16 hours of rolling
Hydrogen in fuel -12 %

Water content -0.5 %

Calorific value of LSHS - 10,200 kCal/kg
Specific gravity of LSHS -0.95

Specific heat of fuel - 0.5 kCal/kg °C
Fuel consumption - 5550 lIts
Theoretical air required for combustion - 14 kg of air / kg of fuel
Temperature of fuel before firing -100°C
Temperature of furnace - 1300 °C
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Production

Scale loss

Specific heat of steel at 30 °C
Specific heat of steel at 1300 °C
Specific heat of scale at 1300 °C
Heat of formation of scale

Ambient temperature
Humidity of air

Atomising air

Secondary air temperature
Specific heat of air at 200 °C

Oxygen in flue gas

Flue gas temperature after air preheater
Specific heat of flue gas

Specific heat of water vapour

Cooling water flow rate
Temperature difference

Number of doors
Factor for radiation, ¢
Area of opening, A

12. Energy Performance Assessment of Steel Industry

-935T
-2 T

-1.6%

-0.11 kCal/kg °C
-0.158 kCal/kg °C
-0.215 kCal/kg °C

- 1335 kCal/kg of Fe

-30°C

- 0.034 kg/kg of dry air
- 700 Nm*/hr

=200 °C

- 0.24 kCal/kg °C

-4 %

-675°C

- 0.26 kCal/kg °C
- 0.48 kCal/kg °C

-28 m’/hr
-10°C

-21no0’s
- 0.7 for rectangular door
-lmx Im=1m?

Diameter of furnace -10m
Height of furnace -25m
Wall Surface area -3.14x10x 2.5
-78.5 m’
Roof surface area -3.14 x 5°
-78.5m’
Average wall temperature -65°C
Average roof temperature -100°C
Solution
Calculation of product rate
Production rate -92/16
-5.75 T/hr
Calculation of fuel rate
Fuel rate -5550/16
- 347 liters/hr
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Calculation of specific fuel consumption

Specific fuel consumption - 347/5.75
- 60 1ts/T of billet
- 60 x 0.95
- 57 kg/T of billet

Calculation of specific atomizing air

Atomizing air flow rate - 700 Nm’/hr
-700 x 1.28
- 896 kg/hr
Specific atomizing air rate - 896/5.75
- 156 kg of air /T of billet

Calculation of specific secondary air

Theoretical air required for combustion - 14 kg of air / kg of fuel
(from stoichiometric equation)

Excess air - x100
(21-4)
- 24%
Total air supplied to furnace -57x {14 x (1+0.24)}
- 991 kg of air /T of billet
Secondary air required for combustion -991 - 156

- 835 kg/T of billet
Calculation of specific flue gas

Flue gas quantity -991 + 57
- 1408 kg/T of billet

Calculation of specific water vapour
Water vapour carried over in flue gas - (9H; + water content)/100

-((9x12) + 0.5)/100
- 1.085 kg/kg of fuel

- 1.085 x 57
- 62 kg/T of billet
Calculation of specific scale formation
Percentage scale formation -1.6 %
5.75x%0.016x1000
5.75
- 16 kg/T of billet
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Calculation of specific cooling water

Cooling water flow rate
Specific cooling water

Calculation of Heat Input

a) Combustion heat of fuel

b) Sensible heat of fuel

c¢) Sensible heat of atomizing air

d) Quantity of heat brought in by

charged steel

e) Heat of formation of scale

Total heat input

Calculation of Heat output

a) Sensible heat of steel

b) Sensible heat of scale

c) Sensible heat of dry flue gas

d) Heat loss due to formation

of water vapour from fuel

e) Heat loss due to formation
of water vapour from air

- 28 m’/hr
- 28000/5.75
- 4869.6 kg/T of billet

- 57 x 10200
- 5,84,560 kCal/ T of billet

- 57 x 0.5 x (100 — 30)
- 2006 kCal/T of billet

- 156 x 0.23 x (30 — 30)
- 0 kCal/T of billet

-1016 x 0.11 x (30 — 30)
- 0 kCal/T of billet

- 16 x 1335
- 21,360 kCal/T of billet

-a+b+c+d+e+f
-5,84,560+ 2,006+ 0 + 0 + 21,360
- 6,07,926 kKCal/T of billet

- 1000 x 0.158 x (1300 — 30)
- 2,00,660 kCal/T of billet

- 16 x 0.215 x (1300 — 30)
- 4,369 kCal/T of billet

- (1048-62) x 0.26 x (675 — 30)
- 1,65,389 kCal/T of billet

-62x {584 +0.48 x (675-30)}
- 55,564 kCal/T of billet

- 991 x 0.034 x 0.48 x (675 —30)
- 10,433 kCal/T of billet

f) Heat taken away by cooling water - 4869.6 x 10

- 48696 kCal/T of billet
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g) Calculation of radiation heat losses

i) Radiation heat loss through - hours x A x ¢ x 4.88 [(T#100)* — (To/100)* I/T of billet
furnace opening

-1x1x0.7 x 4.88 {(1573/100)* — (303/100)*}/5.75

- 36,322 x 2 kCal/T of billet

- 72,643 kCal/T of billet

i1) Surface radiation losses
Q - ax (t-t)'"% + 4.88 x E x {((t; + 273)/100)* - ((t2 + 273)/100)*}

Radiation heat losses through walls

- 2.2 x (65-30)"% + 4.88 x 0.8 x {((65 + 273)/100)* - ((30 + 273)/100)*}
-187.3 +4.88 x 0.8 x (130 — 84)

-187.3+179.6

- 366.9 kCal/m? hr

Wall surface losses - 78.5 x 366.9
- 28801 kCal/hr
- 28801/5.75
- 5009 kCal/T of billet

Radiation heat losses through roof

- 2.8 x (100-30)"* + 4.88 x 0.8 x {((100 + 273)/100)* - (30 + 273)/100)"*
-567 + 4.88 x 0.8 x (193.6 — 84)

- 567 + 428
- 995 kCal/m” hr
Roof surface losses - 78.5 x 995
- 78108 kCal/hr
- 78108 /5.75
- 13584 kCal/T of billet

Total radiation loss from furnace — 5,009 + 13,584 + 72,643
- 91,236 kcal/t of billet

Total heat output

-a+b+c+d+e+f+g
- 2,00,660 + 4,369 + 1,65,389 + 55,564 + 10,433+ 48696 + 91,236
- 5,76,347 kCal/T of billet
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Heat balance table
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Heat Input Heat output
Item kCal/T Yo Item kCal/T %0
Combustion Reatol | 584,560 | 9616 | Sensible heat of steel | 2,00.660 | 33.00
Sensible heat of fuel 2006 0.33 Sensible heat of scale 4,369 0.72
Sen51'b1'e hea}t of 0 0.00 Sensible heat of dry 1.65.389 279
atomizing air flue gas
Quantity of heat Heat loss due to
brought in by charged 0 0.00 | formation of water 55,564 9.1
steel vapour from fuel
. Heat loss duet to
Heat offormation o1 91360 | 3.5 | formation of water 10433 | 17
vapour from air
Heat‘ taken away by 48.696 2.0
cooling water
Radiation heat losses 91,236 15.0
Others 31,579 5.2
Total 6,07,926 100 6,07,926 100
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QUESTIONS

S-1

What are the raw materials used in pig iron production?

S-2

Why BOF is preferred to OHF in steel pant?

S-3

What are the raw materials used in secondary steel manufacturing with EAF?

What are the functions of coke in blast furnace steel making?

S-5

What are the inputs raw materials used in sintering?

S-6

Using chemical equation how sulfur is removed from iron in a blast furnace?

S-7

How is blast furnace top gas utilized?

S-8

What is the range of temperatures encountered in a basic oxygen furnace?

S-9

Explain what do you understand by ‘“Near Net Shape Casting”?

S-10

What are sources of heat input in an electric arc furnace?

L-1

An annealing furnace in a steel plant has the charging door of 1.5 m” area. The
furnace temperature is 800 °C. The ambient temperature is 30 °C. If the factor of
radiation is 0.75. Find out the heat loss per hour.

The actual composition of raw coke oven gas is as follows
Water vapour - 47%, H - 29%, CH4 - 13%, N, - 5%, CO - 3%, CO; - 2%,
Hydrocarbon — 1%. Find out the composition in dry basis.

The composition of blast furnace gas by volume is as follows

CO -27%, H; - 2%, CO, — 11%, N; - 60%.

1) Calculate the stoichiometric air for combustion

ii)  Calculate the gross calorific value of gas in kCal/Nm®

iii)  Calculate the net calorific value of gas in kCal/Nm’

iv) If 25,000 Nm’/hr of gas is available and is to be co-fired in a coal fired
boiler. How much coal it can replace if the GCV of coal is 4300 kCal/kg.

Sl
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Chapter 13

Learning Objectives
In this chapter you will learn about

Cement manufacturing process
1) Energy interaction in cement manufacture

[ Material and energy balance calculations
for cement kiln

[0 Heat balance of raw mill



Focus
Area

Energy Auditors

After successfully completing this
chapter you will be able to
complete the following tasks:

v Understand the process of cement
making

v Perform material and energy balance of
cement Kiln

v' Estimate specific energy consumption

v Perform material and energy balance of
raw mill



13. ENERGY PERFORMANCE ASSESMENT OF CEMENT
INDUSTRY

13.1 Introduction

Cement acts as a bonding agent, holding particles of aggregate together to form concrete.
Cement production is highly energy intensive and involves the chemical combination of
calcium carbonate (limestone), silica, alumina, iron ore, and small amounts of other
materials. Cement is produced by burning limestone to make clinker, and the clinker is
blended with additives and then finely ground to produce different cement types. Desired
physical and chemical properties of cement can be obtained by changing the percentages of
basic chemical components (CaO, Al,O3;, Fe O3, MgO, SiO,, etc.). Mostly the cement
produced is of Portland cement. Other cement types include white, masonry, slag, aluminous,
and regulated-set cement. Cement production involves quarrying and preparing the raw
materials, producing clinker through pyroprocessing the materials in huge rotary kilns at high
temperatures, and grinding the resulting product into fine powder.

13.2 Cement Manufacturing Process

The basic process of Cement production as shown in Figure 13.1 involves
Acquisition of raw materials

Preparation of the raw materials for pyroprocessing

Pyroprocessing of the raw materials to form Portland cement clinker, and,
Grinding the clinker to Portland Cement

Description of production processes

Mining: Limestone, the key raw material is mined in the quarries with compressed air
drilling and subsequently blasting with explosives. The mined limestone is transported
through dumpers or ropeways to the plant. Surface mining is gradually gaining ground
because of its eco friendliness.

Crushing: The limestone as mined is fed to a primary and secondary crusher where the size
is reduced to 25 mm. Of late even a tertiary crusher is used to further reduce the inlet size to
the mill. The crushed limestone is stored in the stockpile through stacker conveyors. The
crushed limestone, bauxite and ferrite are stored in feed hoppers from where they are fed to
the raw mill via weigh feeders in the required proportion.

Raw Materials Preparation: For dry-process cement making, the raw materials need to be
ground into a flowable powder before entering the kiln. Generally ball mills or vertical roller
mills are used. Modern cement plants mostly use vertical roller mills. Roller mills for
grinding raw materials and separators or classifiers for separating ground particles are the
two key energy consuming pieces of equipment at this process stage. Along with grinding
simultaneous drying of raw materials using hot gases from the preheater exhaust also takes
place.
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Coal Milling: In plants using coal, coal mills are part of the system to provide dried
pulverized coal to kiln and precalciner. The raw coal from stock yard is crushed in a hammer
crusher and fed to the coal mill. The coal mill can be an air swept ball mill or vertical roller
mill where the coal particles are collected in the bag filter through a grit separator. The
required size is 80 % on 90 micron and less than 2% on 212 micron. Hot air generated in a
coal fired furnace or hot air from clinker cooler/preheater exhaust is used in the drying of
coal in the mill.

Pyro processing: The function of the kiln in the cement industry is to first convert CaCO;
into CaO and then react Silica, Aluminum Oxide, Ferric Oxide, and Calcium Oxide with the
free lime to form clinker compounds: C3S, C2S, C3A, and C4AF. The raw material mix
enters the kiln at the elevated end, and the combustion fuels generally are introduced into the
lower end of the kiln in a countercurrent manner. The materials are continuously and slowly
moved to the lower end by rotation of the kiln. Pulverized coal, gas, pet coke or Oil are the
fuels generally used. This system transforms the raw mix into clinkers, which are gray, glass-
hard, spherically shaped nodules that range from 0.32 to 5.1 centimeters (cm) in diameter.
The chemical reactions and physical processes that constitute the transformation are quite
complex, but they can be viewed conceptually as the following sequential events:

o Evaporation of uncombined water from raw materials as material temperature
increases to 100 °C

o Dehydration as the material temperature increases from 100 °C to approximately 430
°C to form oxides of silicon, aluminum, and iron;

o Calcination, during which carbon dioxide (CO, ) is evolved, between 900 °C and 982
°C to form CaO

o Reaction of the oxides in the burning zone of the rotary kiln to form cement clinker at
temperatures of approximately 1510 °C

Pre heater and Pre calciner: Preheaters are cyclones which are arranged vertically, in
series, and are supported by a structure known as the preheater tower. Hot exhaust gases
from the rotary kiln pass counter currently through the downward-moving raw materials in
the preheater vessels. Compared with the simple rotary kiln, the heat transfer rate is
significantly increased, the degree of heat utilization is more complete, and the process time
is markedly reduced owing to the intimate contact of the solid particles with the hot gases.
The improved heat transfer allows the length of the rotary kiln to be reduced or in other
words for the existing kiln if retrofitted, increases the production.

Additional thermal efficiencies and productivity gains have been achieved by diverting some
fuel to a calciner vessel at the base of the preheater tower. This system is called the
preheater/precalciner process. While a substantial amount of fuel is used in the precalciner, at
least 40 percent of the thermal energy is required in the rotary kiln.
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13 Energy Performance Assesment of Cement Industry

Upto 95 % of the rawmeal gets calcined before entering the kiln. Calciner systems sometimes
use lower-quality fuels (e.g., less-volatile matter) as a means of improving process
€conomics.

From pre-heater and pre-calciner, 60 % of flue gases travel towards raw mill and 40 % to
conditioning tower where water injection is used to condition the gases. These gases are
ultimately passed through electrostatic precipitator (ESP) for the maximum removal of
particulate matters.

Clinker Cooler: The hot output from the kiln (clinker) is cooled from 1450 °C to 130 °C in
the grate cooler with a series of fans. The cooler has two tasks: to recover as much heat as
possible from hot clinker so as to return it to the process; and to reduce the clinker
temperature to a level suitable for the equipment downstream. The hot air from recuperation
zone is used for main burning air (secondary air) and precalciner fuel (tertiary air). The
remaining air is sent to the stack through multiclones or ESP. Once clinker leaves the kiln it
must be cooled rapidly to ensure the maximum yield for the compound that contributes to the
hardening properties of cement. The main cooling technologies are the reciprocating grate
cooler and the tube or planetary cooler.

Finish Milling: In this final process step, the cooled clinker is mixed with additives to make
cement and ground using the mill technologies described earlier. The grinding process occurs
in a closed system with an air separator that divides the cement particles according to size.
Material that has not been completely ground is sent through the system again. Finish milling
is the grinding of clinker to produce a fine grey powder. Gypsum (CaSQy) is blended with
the ground clinker, along with other materials, to produce finished cement. Gypsum controls
the rate of hydration of the cement in the cement-setting process. The cement thus produced
is collected in the bagfilter and taken to cement silos through a vertical pneumatic pump. The
energy used for cement grinding depends on the type of materials added to the clinker and on
the desired fineness of the final product. Cement fineness is generally measured in a unit
called Blaine, which has the dimensions of cm? /g and gives the total surface area of material
per gram of cement. Higher Blaine indicates more finely ground cement, which requires
more energy to produce. Portland cement commonly has a Blaine of 3000-3500 cm? /g.

Energy flow

The cement making process is highly energy intensive accounting for nearly 40 — 50 % of the
production costs. This provides ample opportunities for reducing energy consumption as
many of the cement plants in developing countries consume much more than the best
achieved figures in developed countries.

Electrical Energy:

The energy flows in a typical cement plant is given in the Figure 13.2 below. The major
electrical energy consumption areas are mill drives, fans and conveying systems.
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About 30% of electric power 1s consumed for finish grinding, and below 30% is consumed
by the clinker burning process. Raw mill circuit is another major consumer accounting for 24
% of the energy. The raw mill circuit and finish grinding process mainly consumes electric
power for the mill, and the clinker burning process mainly for the fan.

Thermal Energy:

Thermal energy accounts for almost half the energy costs incurred in cement manufacture. A
variety of fuels such as coal, pet coke, gas and oil in addition to unconventional fuels such as
used tires, incinerable hazardous wastes, agro residues etc are used in the cement plant. The
major use of thermal energy is in the kiln and precalciner. In plants using coal, an external
coal or oil fired furnace is used for generation of hot air required for coal mills. The average
thermal energy consumption kCal/kg of Clinker is given in theTable 13.1.

Figure 13.2. Process flow diagram and type of energy used in cement
manufacturing
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Table 13.1. Average and Best Practice Energy Consumption Values for Indian Cement
Plants by Process.

India Average | World Best Practice

Raw Materials Preparation

Coal mill kWh/t clinker 8 2.4
Crushing kWh/t clinker 2 1.0
Raw mill kWh/t clinker 28 27
Clinker Production
Kiln & cooler kCal/kg of clinker 770 680
Kiln & cooler kWh/t clinker 28 22
Finish Grinding
Cement mill | kWh/t cement | 30 H 25
Miscellaneous

HESS FinivTigg KWht clinker 1.6 1.5
transportation

Utilities: packing house kWh/t cement 1.9 1.5
Utilities: misc. kWh/t cement 2.0 1.5
Total Electric kWh/t cement 95% 77

* Note : 1. The specific energy consumption of cement manufacture depends upon several factors such as raw
meal quality (grindability index of limestone), fuel quality, pre-heating stages, percentage of blending of fly
ash, slag and other mineral matter with clinker, fineness of the final product (blain number), plant vintage,
capacity and technology employed etc.

2. The best reported values by Indian cement plants were 66.2 kWh/t cement and 687 kCal/kg clinker in 2008-
09 (source: National Energy Conservation Award - 2009)

13.3 Material and Energy Balance

The cement process involves gas, liquid and solid flows with heat and mass transfer,
combustion of fuel, reactions of clinker compounds and undesired chemical reactions that
include sulphur, chlorine, and Alkalies. It is important to understand these processes to
optimize the operation of the cement kiln, diagnose operational problems, increase
production, improve energy consumption, lower emissions, and increase refractory life. A
heat balance should be constructed for the preheater, kiln, cooler and the heat output values
should be compared with standard values.

Example 13.1. Heat Balance (Indirect Method) of a Six-Stage Preheater Inline Calciner
(ILC) Kiln
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Process measurements in kiln system
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Location Temp Static (APrms)avg | Oxygen CO CO; Duct

(OC) Pressure MmmWG) | (% v/v) | (% vIV) | (% vIv) | Area

(mmWG) (m?)

Preheater outlet 316 -655 16.39 5.1 0.1 24.7 8.299
Calciner outlet 882 - 110 - 1.0 0.15 - -

Cooler vent 319 - 35 16.2 - - - 6.996

Note — Gas analysis measurement on dry basis

Moisture in kiln feed = 0.6%

Clinker tempearature (t.) = 130 °C

Moisture in fine coal = 1.0%

Kiln feed temperature(tys) = 73 °C

Kiln feed rate = 284.98 TPH

Kiln/PC fine coal temperature(t.,) = 68 °C

Kiln out put rate (Clinker) = 171.68 TPH

Primary air temperature = 48 °C

Return dust in preheater @ 8 %of kiln feed rate

Ambient temperature(ts) = 33 °C

Kiln feed to Clinker factor (gross) = 1.66

Reference temperature (t;) = 20 °C

Kiln feed to Clinker factor (net) = 1.527

NCYV of fine coal = 6084 kCal/kg Clinker

Chemical analysis of Clinker (Loss free basis)

Constituents Determined %
Si02 21.40
Fe203 5.26
A1203 5.62
CaO 64.96
MgO 1.18

mgy. mass of preheater return dust in pre-heater exit gases, kg/kg Clinker
m, _mass of pre-heater exit gases, kg/kg Clinker
m.- mass of Clinker, kg
mc.- mass of cooler exhaust gases, kg/kg Clinker
mp,- mass of moisture in kiln feed, kg/kg Clinker
mp.- mass of moisture in coal, kg/kg Clinker
m;j.- mass of carbon monoxide in preheater exit gases, kg/kg Clinker
mys -mass of kiln feed as fed to the kiln system, kg/kg Clinker
m,- mass of cooling air from the cooler fans, kg/kg Clinker
mp- mass of total primary air, kg/kg Clinker
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my,e- mass of fuel consumed / fed to the kiln system, kg/kg Clinker
myx — mass of leaking air, kg/kg Clinker

Cpg- mean specific heat of preheater return dust, kCal/kg °C
Cp.- mean specific heat of pre-heater exit gases. kCal/kg °C
Cp.- mean specific heat of Clinker. kCal/kg °C

Cpee- mean specific heat of cooler exhaust air. kCal/kg °C
Cps- mean specifc heat of water vapour. kCal/kg °C

Cpxs- mean specific heat of kiln feed, kCal/kg °C

Cpair- mean specific heat of cooling air, kCal/kg °C

P~ pitot tube coefficient ( 0.844)

P,- static pressure, mmWG

(APms)avg — average of root mean square of dynamic/velocity pressure , mmWG
g- acceleration due to gravity (9.81 m/sec?)

t- pre-heater exit gas temperature, °C

t.-Clinker temperature, °C

tee- cooler exhaust air temperature, °C

tye-kiln feed temperature, °C

teo-temperature of cooling air, °C

t,-temperature of primary air, °C

Ta — ambient temperature, K

MW- molecular weight

P, - density at standard temperature and pressure

P, ,- density at prevailing temperature and pressure

L- latent heat of steam (540 kCal/kg)
o - Stefan-Boltzmann constant
£ - emissivity or emittance

Cl - Clinker
A Hg — heat of formation of Clinker

Basis : 1 kg Clinker

HEAT OUTPUT

a) Heat of formation of Clinker
AHgr = 2.22A1,03+6.48Mg0+7.646Ca0-5.116Si0,—0.59Fe,03
=(2.22 x5.62)+(6.48 x 1.18)+(7.646 x 64.96)—(5.116x 21.4)—(0.59 x 5.26)
= 404.22 kCal/kg Clinker

b) Heat in pre heater exit dust:
Qi=myg x Cpg X (te-t;)
Where, my = kiln feed to Clinker factor x preheater return dust
=1.66 x 0.08
=0.1328 kg/kgCl
Q:=0.1328 x 0.23 x (316-20) (Cpg= 0.23 kCal/kg °C)
= 9.04 kCal/kg Clinker
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c) Heat in preheater exit gases:

Q2=m, x Cpe X (te-t;)

Where, me = Mass of preheater exit gas in kg per kg of Clinker (on dry basis)
Cpe = specific heat of preheater exit gas in kCal/kg °C

t. = temperature of exit gas in °C

t, = reference temperature in °C

As moisture from kiln feed and fine coal in preheater exit gases is very small, density
of gas is estimated on dry basis.

Now, density of gases at preheater exit :

(02% x MW) + (CO2% x MW) + (N2 + CO)% x MW)

3
P sp — kg/Nm
22.4x 100
(5.1 x32)+(24.7 x 44) + (70.2 x 28)
P sp = kg/Nm3
22.4x 100
= 1.436kg/Nm’
10334 *—P, 273 3
=P, X X kg/m
Prr P 10334 273 +t, &
= as per the altitude of the plant above MSL)
2, =1.436><10334_655>< 273 ke/m’
. 10334 273+316
=0.623 kg/m’
Volume of pH exit gases (V&) = Velocity xArea of duct
Velocity =P x V(2g(APrmg)ave / P,. D) m/sec
_ 0844x V2%9.81x16.39 e
7/0.623
= 19.17 m/sec
VE=19.17 x 8.299 m’/sec
=159.1 m’/sec
= 159.1x 3600 x (0.623/1.436) Nm’/h
= 248565 Nm’/h
Specific Volume of preheater exit gases = V#/kiln out put rate
= 248565/171680 Nm’/kg Clinker
= 1.45 Nm’/kg Clinker
Q2= 1.45x1.436x0.247x (316 —20), (Cpe= 0.247 kCal/kg °C)

= 152.23 kCal/kg Clinker
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d) Heat in Clinker from cooler discharge:
Q3=mx Cpe X ( te- tr)
1 x 0.193 x (130 — 20), (Cp. = 0.193 kCal/kg °C)
21.23 kCal/kg Clinker

e) Heat in cooler exhaust air:
Q4: MeeX Cpce X ( teem tr)
Where m..= mass of air, kg/kg clinker
Now, density of air at cooler exhaust

10334%-P, 273 . .
x kg/ m =193 kg /Nm
10334 273+1, © (P s g /Nmr)

¢« as per the altitude of the plant above MSL)

p., =1293x

b =1293x 10334-35 273 ke/
? 10334 ~ 273+319
=0.594 kg/ m’

Volume of air at cooler exhaust (V*) = velocity x Area of duct at which
measurement carried out

Now, velocity = PtX\/(Zg(APrmS)avg/ p,,p) m/sec

\V2x9.81x16.2

=(.844 x m/sec

v0.594

= 19.52 m/sec

19.52 x 6.996 m*/sec

= 136.56 m’/sec

=136.56 x 3600 x ( 0.594/1.293) Nm>/h
=225849.96 Nm’/h

Sp. volume of cooler exhaust air = V*/ kiln out put rate
= 225849.96 /171680 Nm’/kg Clinker
= 1.32 Nm®/kg Clinker

Va

Q4= 1.32x1.293x0.244 x (319 —20) (Cpee = 0.244 kCal/kg °C)
= 124.52 kCal/kg Clinker
f) Heat of evaporation of kiln feed moisture:

Qs=myp,; X [(100- txs) + L + Cps ( te- 100)]
Where, m,,,, = kiln feed to Clinker factor x moisture in kiln feed

=1.66 x 0.006
=0.00996 kg/kgCl
Qs =0.00996 x [(100 — 73) +540 + 0.457 x (316 — 100)] (Cps = 0.457 kCal/kg "C)
= 6.63 kCal/kg Clinker
g) Heat of evaporation of fine coal moisture:

Qo= mpc X [(100- tey) + L + Cps (te- 100)]
Where,m,. = coal consumption in kg per kg Clinker xmoisture in fine coal
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Q6= myye; X 0.01 x [32 + 540 + 0.457 (316 — 100)]
= 6.707 x mg, kCal/kg Clinker

h) Heat loss due to incomplete combustion:
Q7 =m;. X 67636
Where, Heat of combustion of CO = 67636 kCal/kg mole,
CO %

= 100x22.4

Q7= 6.47 x10” x 67636
= 4.38 kCal/kg Clinker

ic X SpecificVolume of preheater exit gases

i) Radiation & Convection losses:
Radiation losses = ox ex (T, = T,}) x Surface Area, kCal/h
o =4.88 x10 * kCal/m® — k*
& = 0.80 for oxidized steel
Convection Losses : (i) (if wind velocity < 3m/sec)

-0.724 1.33
= 80.33x (%) X (Mj X surface Area kCal/h,

2
(i1) if (wind velocity > 3m/sec)

(5.86+3.04xwind velocity)x (T, —T, )x Surface Area kCal/h,

Sample calculation for radiation and convection losses from Kiln:

Distance Surface Surface temp, T; | Radiation loss | Convection loss | Heat loss
from kiln area (K) (kCal/h) (kCal/h) (kCal/h)
outlet (m) (m?) (a) (b) (a+b)
1 12.41 566.00 45473.96 20268.51 65742.47
2 12.41 568.00 46180.59 20442.62 66623.21

Note: (1) Average measurements of surface temperature to be taken at 1 m interval along
the length of kiln as well as tertiary air duct and calculations for radiation and

convectional losses to be worked out as shown above.
(2) Here, wind velocity of 1.5 m/sec considered

Sample calculation for radiation and convection losses from preheater:

Surface | Surface Radiation loss Convection Heat loss
area temp, T (kCal/h) loss (kCal/h) (kCal/h)
(m’) (K) (a) (b) (a+b)
Cyclone stage 1A
Cylindrical portion 416 360 130386.88 101624.64 232011.52
Conical portion 106.6 386 55858.40 42772.84 98631.24
Cyclone top 16.62 364 5701.65 4446.51 10148.16
Meal pipe 20.93 429 20512.23 14264.0 34776.23
Duct from previous
stage 250.33 369 95500.89 74378.05 169878.94
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Note: (1)  Average measurements of surface temperature to be taken on the surfaces of
each cyclone of preheater and calculations for radiation and convectional losses
to be worked out as shown above.

(2)  Here, wind velocity of 1.5 m/sec considered

Radiation and convection losses from kiln =4013284.69 kCal/h
= 23.38 kCal/kg Clinker
Radiation and convection losses from tertiary air duct = 662684 kCal/h
) = 3.86 kCal/kg Clinker
Radiation and convection losses from preheater =3071821.42 kCal/h

= 17.89 kCal/kg Clinker
Radiation and convection losses from cooler assumed to be 3 kCal/kg Clinker.

Qg = Total radiation and convection losses = 23.38+3.86+17.89+3 kCal/kg Clinker
= 48.13 kCal/kg Clinker

HEAT INPUT

J) Sensible heat in kiln feed

Qo= mys X Cpis X (tis-tr)
Where, my; is kiln feed to Clinker factor

Qo =1.66x0.213x (73 -20) (Cpke=0.213 kCal/kg °C)
=18.74 kCal/kg Clinker
k) Sensible heat in cooling air

QIO = Mo X Cpmr X (tA'tr)
Where, m., = Mass of cooling air, kg/kg clinker
Standard density of air =1.293 kg/Nm3

P; -
p,, =1.293x 339 Fs o 2B ygmi
10334 273+¢,
= 1.15 kg/m’
Cooling air fans flows
Fan Velocity Area Volume of air Pg Volume of air
(m/sec) (mz) ( m3/sec) (mmWG) (Nm3/sec)
FN 1 21.29 0.6364 13.55 -33 12.05
FN 2 14.05 0.6364 8.94 -28 7.95
FN 3 14.47 0.6364 9.21 -35 8.19
FN 4 12.25 0.5029 8.861 -46 7.87
FN 5 16.93 0.5029 8.541 -48 7.58
FN 6 17.62 0.5029 8.61 -30 7.66
FN 7 14.40 0.5029 7.24 -29 6.44
FN 8 23.20 0.7857 11.67 -12 10.40
FN 9 21.65 0.6364 13.77 -36 12.24
FN 10 27.78 0.6364 17.68 -31 15.73
Total 96.11
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Sp. volume of cooling air = 96.11 Nm*/sec
=2.01 Nm?/kg Clinker
5 Qi0=2.01x1.293 x 0.237 x (33 - 20), (Cpair = 0.237 kCal/kg °C)
= 8.0 kCal/kg Clinker

1) Sensible heat in primary air
Qllz mp X Cpair X ( tp'tr)
Where, mp =Primary air to kiln + Primary air to calciner, to be calculated as above
= 0.073+ 0.009 kg/kg Clinker
= 0.082 kg/kg Clinker
Qu = 0.082 x 0.237 x (48 — 20)
= 0.54 kCal/kg Clinker

m) Sensible heat in leaking air
Q12 = my X Cpair X ( ta-t;)
my = me —[m¢/(1+leaking air)]
9% Leaking air = [(O, % at PH O/L - O, % at PC O/L)/(21-O; % at PH O/L)]x 100

=5'1_1'0x100 =26%
21-5.1
1.4
my = 1.45- > =0.299
1+0.26

Q12=0.299 x 1.293 x 0.237x (33-20)
= 1.19 kCal/kg Clinker

n) Sensible heat of fuel:

Q13 = IMfye X Cpfuel X (tfue - tr)
Mgyl X 0.288 x (68-20), (Cpruer = 0.288 kCal/kg 0C)
= 13.824mg, kCal/kg Clinker

0) Heat from coal combustion (Qi4)

Q14 = mpye x NCV
= 6084 x Meye]

Typical Heat Balance of Kiln

Item kCal/kg Clinker
Heat Output

Heat of formation of Clinker (A Hg) 404.22
Heat in dust in preheater exit gases (Q;) 9.04

Heat in preheater exit gases (Q») 152.23
Heat in Clinker leaving cooler (Q3) 21.23

Heat in cooler exhaust air (Qq) 124.52
Heat for evaporation of moisture of kiln feed (Qs) 6.63

Heat for evaporation of moisture of fine coal (Qg) 6.707mgyer
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Heat in incomplete combustion (Q7) 4.38
Radiation & convection losses (Qg) 48.13
Total Heat output 770.38 + 6.707mgye
Heat Input
Sensible heat in kiln feed (Qo) 18.74
Sensible heat in cooling air (Qo) 8
Sensible heat in primary air (Q;) 0.54
Sensible heat in leaking air (Q;7) 1.19
Sensible heat in fuel (Q;3) 13.824mgel
Heat from coal combustion(Q;4) 6084myy,e
Total Heat Input 28.47 + 6097.824myye
Based on the above
Total Heat Input = Total Heat Output
Hence, 28.47 + 6097.824myue; = 770.38 + 6.707mgye
o mge =0.1218 kg/kg Clinker (12.18% Clinker basis)
Hence, heat from coal combustion (Q14) = 6084 x 0.1218 = 741.05 kCal/kg Clinker

Total Heat Input = Total Heat Output

(Qo+ Qio+ Qi+ Qi+ Qi3+ Qi4) = (AHg +Qi1+ Q2 + Q3 + Qs+ Q5 +Qs+ Q7+ Qs)

{18.74 + 8+ 0.54 + 1.19 + (13.824 x 0.1218) + (6084 x 0.1218)}= (404.22 + 9.04 + 152.23 +
21.23 +124.52 + 6.63 + (6.707 x 0.1218) + 4.38 + 48.13)

771.2 kCal/kg Clinker = 771.2 kCal/kg Clinker

Inference

Significant abnormal heat loss is almost invariably associated with preheater exhaust and/or
with cooler exhaust. As can be seen from the typical heat balance given here, of a total heat
consumption of 771 kCal/kg of Clinker, 404 kCal/kg of Clinker is for chemical reaction. Of
the remaining 367 kCal/kg of Clinker which goes as heat losses, 75 % of it is due to losses
through kiln and cooler stacks. The challenge is to reduce these exhaust gas heat losses.

High exhaust heat loss may be mitigated by:
1. Reduce losses due to CO formation

o Good combustion in the main burner to avoid local reducing conditions in the

presence of excess oxygen

o Sufficient air/fuel mixing and retention time in the calciner for complete

combustion

2. Reduce precalciner exhaust gas quantity

o Maximize heat recuperation from the cooler

o Minimize excess air without compromising combustion
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o Avoid over-burning with consistence kiln feed chemistry and with constant
feed and fuel rates (every 0.1 % free-lime below the optimum waste upto 14
kCal/kg Clinker)
o Minimize false air at kiln seals and preheater ports
3. Reduce preheater exhaust gas temperature
o Good meal distribution in gas duct by design and maintenance of splash plates
and splash boxes
o High cyclone efficiency so that hot meal is not carried up the preheater
4. Reduce cooler exhaust
o Maximum heat recuperation by control of air flow, Clinker distribution and
Clinker granulometry.
o Minimize false into firing hood and kiln discharge seal

13.4 Raw Mill

Raw milling, as one of the major cement process step, must produce sufficient kiln feed
meeting targets for fineness, chemical composition and moisture to sustain required kiln
production. The preheater gas at around 300 °C is used in the mill for drying and sweeping.
Drying is also aided by heat dissipation from mill draw power which equates to
approximately 1 ton moisture per 1000 kWh. Specific power consumption depends upon
material hardness and mill efficiency. For ball mills, the range is approximately 10 kWh/ton
(mill drive only), for soft, chalky limestone to 25 kWh/ton, for hard materials. For vertical
roller mills the range may be 4.5 — 8.5 kWh/ton, and although ID fan power is increased
system power is generally about 30% lower than for ball mills. A typical raw mill circuit is
shown in the Figure 13. 3. As can be seen the preheater exhaust gases (kiln gases) at 290 °C
goes into the mill along with feed material. The material is dried and ground in the mill and
fine powder is carried away by kiln gases to multiclones and to bagfilters where the product
is collected. The transport of material through the gases is aided by circulating air (CA) fan
and dust collector (DC) fan which also help to overcome pressure drop in the system.

Figure 13.3. Raw Mill Circuit
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Raw Mill Heat Balance

It will be useful to perform heat balance of the raw mill to optimize the air flow in the mill to
improve productivity besides saving energy. A typical heat balance of raw mill is given in the

example below.

Example 13.2.

To determine hot gases required for drying of material in raw mill using heat balance

The hot gases required for the drying of the feed moisture in the raw material while grinding
in close circuit ball mill is calculated as below.

Heat output:

Step:-1

Note:
temperature.

Hop =

Heat to raw material

Fq x Fs x (Egt-Rt-5)

1680000 = 1.68 x 10°

100x1000x0.21x (105-20-5)

Ght Hot gases temperature 280 °c

Ghs Specific heat of hot gases 0.34 kCal/ Nm°C

Rt Base temperature 20 deg. C

Amb Ambient air temperature 35 deg. C

Ambs Specific heat of ambient air 0.30 kCal/Nm" "C

Alt Altitude ( From mean sea level ) 950 M

Fq Fresh feed quantity 100 TPH

Mf Total fresh feed moisture(surface) | 8 %

Mp Total product moisture (surface) 2 Yo

Fs Specific heat of raw material 0.21 kCal/kg "C

Fa False air percentage 10 %

P Power drawn by mill motor 3095 kW

Eg Amount of dedusting gases 150000 | m’/hr

Egt Dedusting gases temperature 105 °c

Egs Specific heat of dedusting gases 0.31 kCal/Nm" °C

Ra Surface area for Radiation Losses | 185 m”

Rf Radiation Loss 50 kCal/m”"C difference
Calculations:

Gh Required hot gas quantity ~ (Nm>/hr)

kCal/hr

kCal/hr

The raw material temperature is normally less by 5 deg. C than the exit

gas
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Step:-2 Heat to dedusting gases
273
Hog = Eg x Egs x (Egt - Rt)x m kCal/hr
= 150000 x 0.31x (105-20) x [273/ (105+273)]
= 2854583 = 2.855 x 10° kCal/hr
Step:-3 Heat loss due to radiation
Hor = Ra x Rf x (Egt - Rt) kCal/hr
= 185 x 50 x (105-20)
= 786250 = 7.863 x 10° kCal/hr
Step:-4 Heat loss to evaporate moisture
How = W x (540 + Egt - Amb) kCal/hr

Moisture to be evaporated,

W = Fq x (Mf - Mp) kg/hr
100 - Mp
= {100 x 1000 x (8-2)}/ (100-2)
= 6122 kg/hr
How = 6122 x {540 + (105 -35)}
= 3734420 = 3.734 x 10° kCal/hr
Note: The latent heat of evaporation of water is 540 kCal/kg of water.
Step:-5 Heat loss due to false air
Hoa = Eg x Fa x Ambs x (Egt - Rt) kCal/hr
100
= 150000 x 0.1 x 0.30 x (105-20)
= 382500 = 3.825 x10° kCal/hr
Total heat loss at output:
Ho = Hop + Hog + Hor + How + Hoa kCal/hr
= 1680000 + 2854583 + 786250 + 3734420 + 382500
Ho = 9437753 = 9.438 x 10° kCal/hr
Heat input:
Step:-1 Heat from fresh feed
Hif = Fq x Fs x (Amb - Rt) kCal/hr
= 100 x 1000 x 0.21 x (35-20)
= 315000 = 3.15 x 10° kCal/hr
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Step:-2 Heat from grinding power
Hip = P x motor efficiency x gear box efficiency x 860
Hip = P x 0.94 x 0.98 x 860 kCal/hr
= 3095 x 0.921 x 860
= 2451000 = 2.451 x10° kCal/hr
Step:-3 Heat from false air
Hia = Eg x Fa x Ambs X (Amb - Rt) kCal/hr
100
= 150000 x 0.1 x 0.30 x (35-20)
= 67500 = 6.75 x 10 kCal/hr
Total heat input:
Hi = Hif + Hip + Hia kCal/hr
= 315000 + 2451000 + 67500
Hi = 2833500 = 2.83 x 10° kCal/hr

Note: In the above calculation, heat input is less than the heat output.

balanced by heat input from hot gases.

To find out the quantity of hot gases required for drying
Heat input (Hi) = Heat output (Ho)
2833500 + (Heat from hot gases) = 9437753

Heat from hot gases,
Gh x Ghs x (Ght — Rt) = (9437753 - 2833500) kCal/hr
Gh x 0.34 x (280-20) = 6604253
Gh = 74709 Nm’/hr

The result of heat balance is summarized in the Figure 13.4 below.

Hence it has to be

Heat Inputs [ Heat outputs

Figure 13.4. Results of Heat Balance

® Heat from fresh feed - 3.33 % ® Heat to raw material = 17.8 %

® Heat from grinding power - 25.97 % ® Heat to dedusting gas - 30.25 %

® Heat from false air - 0.72 % ® Heat loss due to radiation - 8.33 %

® Heat from hot preheater gas - 69.98 % ® Heat loss to evaporate moisture - 39.57 %

® Heat loss to false air - 4.05 %
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QUESTIONS

S-1 What is the purpose of using preheater exhaust gases in the raw mill?

S-2 Which compound is the major constituent of clinker?

S-3 Why is gypsum blended with ground clinker in a cement mill?

S-4 Name two typical uses of recuperated hot airfrom clinker cooler

S-5 Name two areas in the cement plant where majority of thermal energy is used

S-6 Which is the major Green House Gas evolved during the process of calcinations?

S-7 Why CO, percentage is not used for calculating excess air from cement kilns?

S-8 What is the maximum temperature encountered in a cement plant and where?

S-9 List two sources of waste heat from cement plant.

S-10 | What parameters are required for calculating the corrected air density?

L-1 Chemical analysis of clinker (loss free basis)

Constituents Determined %
Si10, 22.68
Fe,0; 5.92
ALO; 5.29
CaO 63
MgO 1.25

Calculate heat of formation of clinker?

L-2 | Applying pressure and temperature correction calculate the density of air at a
temperature of 120°C and a static pressure of— 45 mmWC.

N-1 | From the following data calculate:

1) heat in preheater exhaust gases
i1) heat loss due to incomplete combustion
Data:

Clinkerproduction : 158 TPH

Static pressure : - 682 mmWC

Velocity pressure : 18 mmWC

Diameter of the duct: 3000 mm

Temperature of preheater exhaust gas : 325°C

Reference temperature : 20°C

Specific heat of preheater exhaust gas : 0.243 kCal/kgOC
0, :4.0%

CO:0.3%

CO,:24.1%
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Chapter 14

Learning Objectives

In this chapter you will learn about

[d The Energy Performance Index (EPI) and
Average Annual Hourly EPI.

[J The Assessment of cooling load for a
building

d The Assessment of HVAC systems

[ The Assessment of lighting systems



Energy Auditors
Focus

Area After successfully completing this
chapter you will be able to

complete the following tasks:

v Estimate Energy Performance Index
(EPI) and Average Annual Hourly EPI
(AAREPI)

v' Calculate the cooling load requirement of
a building

v’ Assess the performance of a centralized
air conditioning system and its
components

v' Assess the performance of Lighting
System



14. ENERGY PERFORMANCE ASSESSMENT OF
BUILDINGS AND COMMERCIAL ESTABLISHMENTS

14.1 Introduction

The major energy consuming utilities of the buildings and commercial establishments are
HVAC, lighting, office systems and other loads. In order to achieve reduction in the
energy costs by proper utilization, operation and maintenance of the existing building
equipment and utility systems, performance evaluation is required. In addition there is
also a need to review the building envelope for minimizing the heat gain and maximizing
daylighting usage in the building.

14.2 Purpose of the Performance assessment

The purpose of the performance assessment is to analyse the building for its envelope,
load profiles, equipment and system efficiencies and the energy optimization scope for a
building by quantifying energy usage. It helps to evaluate the present status, set up a
baseline and compare with the standard norms and benchmark.

14.3 Determining Energy Performance Index (EPI) and Average
Annual Hourly EPI (AAHEPI)

The different sources of energy used in the building have to be identified with the help of
facility people and walkthrough survey of the facilities.

Step 1 -Data Collection

The total electrical energy consumption of the facility both Grid and Captive is to be

collected month wise over a one year period.

The total built up area of the building needs to be collected. The built up area is the carpet
area plus area covered by thickness of walls plus balconies etc., and would exclude
parking areas.

The operating hours per day and working days per year have to be collected.

Step 2 -Analysis

Energy performance Index (EPI): Energy Performance Index is a measuring tool to
evaluate the performance of the building in terms of the total energy consumption and the
total built up area.

_(EBenergy+ DG energy), kWh/ annum

Energy Performance Index (EPI),kWh/ annum [ m* = 5
Total builtup area,m
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Average Annual Hourly Energy Performance Index (AAHEPI): The number of
operating hours of a building may vary depending on the nature of operation. The
AAHEPI enables the performance assessment taking into account the actual operating
hours which will be more meaningful. AAHEPI is defined as follows

EPI , kWh/annum/m’*
Operating hours per annum

x 1000

AAHEPLWh/h/m* =

Example 14.1: Estimation of EPI and AAHEPI

A commercial building located in warm and humid climatic region, has a built up area of
17814 m?. The annual energy consumption of the building is 3735640 kWh from the Grid
and 2964758 kWh from captive DG sets. The facility operates 12 hrs a day and 250 days
in a year. Calculate the EPI and AAHEPI.

Solution:

Energy Performance Index (EPI), kWh/annum/m* = (3735640+ 219762;7458) > kWh/annum
,m

Energy Performance Index (EPI), kWh/annum/m* =376

376, kWh/annum/m?

AAHEPIL, Wh/h/m? =
12x250

%1000

AAHEPI, Wh/h/m* =125

14.4 Significance of Building Envelope

The building envelope is the interface between the interior of the building and outdoor
environment including the walls, roof and foundation. By acting as a thermal barrier, the
building envelope plays an important role in regulating interior temperatures and helps in
determining the amount of energy required to maintain thermal comfort. The envelope
design and orientation also determines the amount of artificial lighting required in the
building.

Envelope design basics

The energy performance of a building envelope is influenced by number of factors. For
example, these may include design elements such as the physical orientation of the
building and the amount of sunlight that penetrates into the interior work spaces. Other
factors may also include heat transfer characteristics (both losses and gains) and location
of the building envelope components such as walls, windows, doors, floors and roofs.
The energy performance of the building may also be influenced by any natural air
infiltration through the building envelope (e.g. cracks). The sources of heat gain into the
building space are depicted in Figure 14.1.

Bureau of Energy Efficiency 218



14. Energy Performance Assessment of Buildings And Commercial Establishments

Figure 14.1 Sources of heat gain into the building space

An integrated building design considers the envelope, the heating, ventilation, cooling
(HVAC) system and the lighting system as a whole, rather than dealing with these
independently. Changing the specifications of one system can affect the performance of
the other two significantly. For instance, investments in good insulation of the roof,
energy-efficient windows or increased envelope air tightness can result in a smaller
HVAC system, thereby reducing its first cost as well as recurring energy cost. Similarly,
an inefficient lighting system not only increases lighting energy consumption but could
also increases the cooling load on HVAC system, thereby increasing the energy
consumption further.

When a building is in cooling mode, solar heat gains need to be minimized within the
building space while optimizing daylight and intake of outside air. Outside air could be
introduced particularly during evening/night hours when the ambient temperature drops.
This strategy cools the thermal mass in the building during night hours and reduces
overall cooling load during the next day. On the other hand, if the building is in a heating
mode, the envelope needs to be designed with appropriate glazing selection coupled with
shading strategy to enhance solar heat gains during daytime. Therefore in practice, the
architects and building designers need to integrate and balance these varying
requirements considerations while designing an energy-efficient building.

14.5 Assessment of HVAC Systems

The detailed layout of HVAC plant should be collected along with the design parameters
of all the HVAC equipment. The main objective of the assessment will be to determine
the actual operating refrigeration load (TR), measure the actual power drawn and
compare the actual kKW/TR with the design.

The operating parameters of Chiller plant has to be monitored for one day. The
temperature measurements with 0.1 least count have to be carried out periodically for
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chilled water and cooling water. The flow measurements are to be carried out with an
ultrasonic flow meter. Simultaneous power measurements need to be done with the
compressor motor, chilled water, cooling water pumps and cooling tower fans/condenser
fans. The detailed calculation will have to be performed for various equipment/systems as
given in the Table 14.1 below.

Table 14.1 Performance Calculations Reference

SL.LNo. | Equipment/system | Reference

1 Chiller Chapter 4.9
2 Pump Chapter 4.7
3 Fans Chapter 4.6
4 Motors Chapter 4.5
5 AHU Chapter 4.9
6 Cooling tower Chapter 3.7

If further in-depth assessments need to be performed for calculating the prevailing air
conditioning load, the following method may be pursued. This method merely
highlights the concepts and intensity behind the cooling load calculations. The
detailed calculations are outside the scope of this book as they are heavily dependant
on vast data from ASHRAE hand book.

Terminology used in estimating cooling load
Commonly used terms relative to heat transmission and load calculations are defined
below in accordance with ASHRAE Standard 12-75, Refrigeration Terms and

Definitions.

Space - is either a volume or a site without a partition or a partitioned room or group of
rooms.

Room - is an enclosed or partitioned space that is usually treated as single load.
Zone — is a space or group of spaces within a building with heating and/or cooling
requirements sufficiently similar so that comfort conditions can be maintained throughout

by a single controlling device.

Cooling L.oad Temperature Difference (CLTD) — an equivalent temperature difference
used for calculating the instantaneous external cooling load across a wall or roof.

Sensible Heat Gain — is the energy added to the space by conduction, convection and/or
radiation.

Latent Heat Gain — is the energy added to the space when moisture is added to the space
by means of vapor emitted by the occupants, generated by a process or through air
infiltration from outside or adjacent areas.
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Radiant Heat Gain — the rate at which heat absorbed is by the surfaces enclosing the
space and the objects within the space.

Space Heat Gain — is the rate at which heat enters into and/or is generated within the
conditioned space during a given time interval.

Space Cooling L.oad — is the rate at which energy must be removed from a space to
maintain a constant space air temperature.

Thermal Transmittance or Heat Transfer Coefficient (U-factor) — is the rate of heat
flow through a unit area of building envelope material or assembly, including its
boundary films, per unit of temperature difference between the inside and outside air. The
U-factor is expressed in W/ hr m? °K)

Thermal Resistance (R) — is the reciprocal of a heat transfer coefficient and is expressed
in hr m? °K/W. The value of R is also used to represent Thermal resistivity, the reciprocal
of the thermal conductivity.

Types of loads
There are two distinct components of the air conditioning load;

1. The sensible load (heat gain)
2. The latent load (water vapor gain).

Sensible Loads: Sensible heat gain is the direct addition of heat to a space, which shall
result in increase in space temperatures. The factors influencing sensible cooling load:

1. Solar heat gain through building envelope (exterior walls, glazing, skylights, roof,
floors, over crawl space)

2. Partitions (that separate spaces of different temperatures)

3. Ventilation air and air infiltration through cracks in the building, doors, and
windows

4. People in the building

5. Equipment and appliances operated in the summer

6. Lights

Latent Loads: Latent heat gain is the heat contained in water vapor. Latent heat does not
cause a temperature rise, but it constitutes a load on the cooling equipment Latent load is
the heat that must be removed to condense the moisture out of the air.

The sources of latent heat gain are:
1. People (breathing)

2. Cooking equipment
3. Housekeeping, floor washing etc.
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4. Appliances or machinery that evaporates water
5. Ventilation air and air infiltration through cracks in the building, doors, and
windows

The total cooling load is the summation of sensible and latent loads.
Cooling Loads Classified by Inside-Outside Environment

Buildings can be classified as envelope-load-dominated and interior-load-dominated. The
envelope heat flows are termed as "external loads", in that they originate with the external
environment. The other loads are termed as “Internal loads", in that they are generated
from within the building itself. The percentage of external versus internal load varies with
building type, site climate, and building design decisions. It is useful to identify whether
internal or external loads will dominate a building, as this information should
substantially change the focus of design efforts related to control and energy efficiency.

External Loads
External cooling loads consist of the following:

1. Sensible loads through opaque envelope assemblies (roofs, walls, floors)

2. Sensible loads through transparent or translucent envelope assemblies (skylights,
windows, glazed openings)

3. Sensible loads through ventilation and infiltration (air leakage)

4. Latent loads through ventilation and infiltration.

Internal Loads

1. Typical sources of internal heat gain are people, lights, cooking processes, and
other heat-generating equipment, such as motors, appliances, and office
equipment.

2. While all of these sources contribute sensible heat to the space, people, cooking
processes, and some appliances (such as a coffee maker) also contribute latent
heat to the space.

CLTD/SCL/CLF Method of Load Calculation (ASHRAE Handbook Fundamentals
1997)

The heat gain in to the building is not converted to cooling load instantaneously.
CLTD (cooling load temperature difference),

SCL (solar cooling load factor), and

CLF (cooling load factor): all include the effect of

(1) time-lag in conductive heat gain through opaque exterior surfaces and

(2) time delay by thermal storage in converting radiant heat gain to cooling load.
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This approach allows cooling load to be calculated manually by use of simple
multiplication factors.

a. CLTD is a theoretical temperature difference that accounts for the combined
effects of inside and outside air temp difference, daily temp range, solar radiation
and heat storage in the construction assembly/building mass. It is affected by
orientation, tilt, month, day, hour, latitude, etc. CLTD factors are used for
adjustment to conductive heat gains from walls, roof, floor and glass.

b. CLF accounts for the fact that all the radiant energy that enters the conditioned
space at a particular time does not become a part of the cooling load instantly. The
CLF values for various surfaces have been calculated as functions of solar time
and orientation and are available in the form of tables in ASHRAE Handbooks.
CLF factors are used for adjustment to heat gains from internal loads such as
lights, occupancy, power appliances.

c. SCL factors are used for adjustment to transmission heat gains from glass.

Example — 14.2 Assessing cooling load using CLTD/SCL/CLF Method (ASHRAE
Handbook Fundamentals 1997)

The method is explained alongside with an example.
Determine the cooling load from the following given data:
Total area of wall + windows -50.7 m*

Desired indoor conditions:

Dry-bulb temperature -25.6°C
Relative humidity - 50%

Details of the wall:

Resistance of aluminum siding -0.11 m* °K/W
Resistance of lightweight concrete block (200 mm) - 0.35 m® °K/W
Resistance of fiberglass insulation (90 mm) -2.29 m* °K/W
Resistance of gypsum board (12.7 mm) - 0.08 m* °K/W

Additionally, there is a film of air on the outside surface of the wall (R -
0.044 m’ °K/W), assuming air moving at 12 km/hr during the summer and
another film of air on the inside surface of the wall (R - 0.12 m’ °K/W), assuming
still air.

Eight clear double-pane windows mounted in aluminum frames. Each window is 1.2 m x
1.5 m.
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Flat 13.7 m x 18.3 m roof constructed of 100 mm concrete with 90 mm insulation and
steel decking.

Space is occupied from 8:00 to 1700 hrs by 18 people doing moderately active work.
Fluorescent lighting in space = 21.5 W/m”.

Computers and office equipment in space = 5.4 W/m? plus one coffee maker.
U-Factor of wall:

The U-factor of this wall is calculated by adding the thermal resistances of each
of these layers and then taking the inverse.

U-Factor of roof:

The U-factor of the roof in this example is calculated in a similar manner.

I. External heat gain

i) Conduction heat gain through the wall (if assumed to be shaded at all times)*:

U-factor - 0.33 W/m? °K

Total area of wall + windows -50.7 m?

Area of windows -14.4 m?

Net area of wall -36.3 m*

Outdoor temperature -35°C

Indoor temperature -25.6 °C
Q=UxAxAT

Q=033x363x(35-25.6)=113 W

* The assumption that the surface is completely shaded does not account for the

additional heat gain that occurs when the sun shines on a surface. Solar heat, therefore,
must be considered, as it constitutes an important part of the total cooling load of most

buildings.
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A factor called the cooling load temperature difference (CLTD) is wused to
account for the added heat transfer due to the sun shining on exterior walls, roofs, and
windows and the capacity of the wall and roof to store heat. The CLTD is substituted for
AT in the equation to estimate heat transfer by conduction.

Q=UxAxCLTD

ASHRAE tables contain CLTD factors for walls and roofs. The data relevant to a
place/location can be taken from the table. It should be noted that the data in this table are
based on the following assumptions:

Indoor air -25.6 °C
Maximum outdoor air -35°C
Average outdoor daily temperature range -11.7°C
Month -21% July
Latitude - 40° North
Surface - Dark-colored

Tables for various wall and roof types, as well as correction factors for
applications that differ from these assumptions can be found in the ASHRAE Handbook -
Fundamentals and ASHRAE's Cooling and Heating Load Calculation Principles manual.

The wall used in this example is classified as wall type 9. At 1700 hours, the CLTD for a
wall of this type is 12 °C. This means that, even though the actual dry-bulb temperature
difference is only 9.4 °C (35°C - 25.6°C), the sun shining on the outer surface of this wall
increases the "effective temperature difference" to 12 °C.

It can be found from the ASHRAE tables that the CLTD increases later in the day, and
then begins to decrease in the evening as the stored heat is finally transferred from the
wall into the space.

Using CLTD instead of AT, the heat gain by conduction, through the wall and the roof is

to be determined. The U-factors are the same as calculated above.

Conduction heat gain through the wall:

U-factor -0.33 W/m? °K
Net area of wall -36.3 m?
CLTD at 17 hours -12°C

Q=033x363x12 =144 W
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ASHRAE tables include CLTD factors for several types of roofs. The roof in this
example building is classified as Roof Type 2. The data in ASHRAE tables are
based on assumptions similar to the CLTD table for walls. At Hour 17, the CLTD
for a flat roof of this type is 44 °C.

ii) Conduction heat gain through the roof:

U-factor - 0.323 W/m® °K
Area of roof -13.7mx 18.3 m = 250.7 m*
CLTD at 17 hours -44 °C

Q=0.323x250.7 x 44 =3,563 W

iii) Conduction heat gain through the windows:

Estimating the heat gain by conduction through a window is very similar to walls and
roofs.

The ASHRAE Handbook- 1997 Fundamentals includes U-factors for common window
assemblies.

The windows in this example are double-pane windows with a 6.4 mm air space between
the panes. Assuming that the windows are fixed (not operable) with aluminum frames
and a thermal break, the U-factor is 3.56 W/m?® °K.

Using  this  U-factor, the heat gain by conduction, through the
eight windows is to be determined. The ASHRAE table 34 includes CLTD factors for
glass. It is also based on similar assumptions as the CLTD tables for walls and roofs. At
Hour 17, the CLTD for a glass window is 7 °C.

Quwindows -356x144x7 =359 W
While glass windows of double- or triple-pane construction do an excellent job of
reducing heat transfer by conduction, they do not appreciably reduce the amount of solar
radiation directly into a space. To limit the amount of solar radiation entering the space,
heat-absorbing glass, reflective glass, or internal or external shading devices can be used.
iv) Solar radiation through glass

The equation used to predict the solar heat gain through glass is

Q=AxSCxSCL

Where,

Q - Heat gain by solar radiation through glass, W

A - Total surface area of the glass, m>

SC - Shading coefficient of the window, dimensionless

SCL - Solar cooling load factor, W/m?
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The solar cooling load (SCL) factor is used to estimate the rate at which
solar heat energy radiates directly into the space, heats up the surfaces and
furnishings and is later released to the space as a sensible heat gain. Similar to
CLTD, the SCL factor is used to account for the capacity of the space to absorb
and store heat.

The value of SCL is based on several variables, including the direction that the window is
facing, time of day, month, and latitude. These four variables define the angle at which
the sun's rays strike the surface of the window. The next two variables, the construction
of the interior partition walls and the type of floor covering, help define the capacity of
the space to store heat. This affects the time lag between the time that the solar radiation
warms up the space furnishings and the time that the heat is released into the space. The
last variable, whether or not internal shading devices are installed, affects the amount of
solar heat energy passing through the glass.

The 1997 ASHRAE Handbook-Fundamentals contains tables of SCL values for common
space types, based on the combinations of these variables. ASHRAE table 36 contains
SCL factors for a space type similar to the one in this example. The space in this example
is classified as Space Type A. The data in this table is based on 21% July and 40° North
latitude. At 17 hours, the SCL for the windows in this example space is 605 W/m?,

The shading coefficient (SC) is an expression used to define how much of the radiant
solar energy, that strikes the outer surface of the window, is actually transmitted through
the window and into the space. The shading coefficient for a particular window is
determined by comparing its reflective properties to a standard reference window. The
ASHRAE table includes shading coefficients for common window systems. When the
value for the shading coefficient decreases, more of the sun's rays are reflected by the
outer surface of the glass.

The windows in this example space are constructed of two panes of 6.4 mm clear glass
with an air space between the panes. The glass is mounted in an aluminum frame and the
windows are fixed (not operable). The SC for this type of window from ASHRAE table is
0.74. The heat gain by solar radiation through the windows on the wall of this example
space can be determined as follows:

Solar radiation heat gain through the windows on the wall:

Total area of glass -8x(1.2mx15m)=144 m’
SC -0.74
SCL at 17 hours - 605 W/m®

Q=14.4x0.74 x 605 =6,447 W
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I1. Internal Heat Gains
v) Heat gain from people

People generate more heat than is needed to maintain body temperature. This surplus heat
is dissipated to the surrounding air in the form of sensible and latent heat. The amount of
heat released by the body varies with age, physical size, gender, type of clothing, and
level of physical activity.

The equations used to predict the sensible and latent heat gains from people in the space
are:

Qs = Number of people x Sensible heat gain/person x CLF
Qv = Number of people x Latent heat gain/person

Where,

Qs - Sensible heat gain from people, W
QL - Latent heat gain from people, W
CLF -Cooling load factor, dimensionless

Similar to the use of the CLTD for conduction heat gain and SCL for solar heat gain, the
cooling load factor (CLF) is used to account for the capacity of the space to absorb and
store heat. Some of the sensible heat generated by people is absorbed and stored by the
walls, floor, ceiling, and furnishings of the space and released at a later time. Similar to
heat transfer by conduction through an external wall, the space can therefore experience a
time lag between the time that the sensible heat is originally generated and the time that it
actually contributes to the space cooling load. For heat gain from people, the value of
CLF depends on

o The construction of the interior partition walls in the space

o The type of floor covering

o The total number of hours that the space is occupied and

o The number of hours since the people entered the space.

Tables from ASHRAE Handbook of fundamentals give the CLF values. For example if
CLF is 0.65 it means that 35% (1- 0.65) of the sensible heat gain from the people is
absorbed by the surfaces and furnishings in the space and 65% is the actual cooling load
in the space. As the people are in the space for a longer period of time, the surfaces and
furnishings of the space can no longer absorb as much heat and they release the heat that
was absorbed earlier in the day. For example, if the people enter the space at 8 a.m and
remain for a period of 8 hours, at 2 p.m. (6 hours after entering), the CLF is 0.91 i.e 91%
of the sensible heat gain from the people is seen as a cooling load in the space. Only 9%
is absorbed by the surfaces and furnishings of the space.
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If the space is not maintained at a constant temperature during the 24-hour period,
however the CLF is assumed to equal 1.0. Most air-conditioning systems designed for
non-residential buildings either shut the system off at night or raise the temperature set
point to reduce energy use. Thus, it is uncommon to use a CLF other than 1.0 for the
cooling load due to people.

The internal heat gain from people in this example space can be determined based on the
ASHRAE tables. From the tables it is observed that people participating in moderately

active office work generate 75 W sensible heat and 55 W latent heat.

Internal heat gain from people:

Number of people - 18
Sensible heat gain/person -T5W
Latent heat gain/person -55W
CLF -1.0

(because the space temperature set point is increased at night)
Qs = 18 people x 75 W per person x 1.0 =1,350 W

QL = 18 people x 55 W per person =990 W

vi) Heat gain from lighting

Heat generated by lights in the space is a significant contribution to the cooling load. For
example, a 120-watt light fixture generates 120 W of heat—approximately the same
amount of heat gain generated by an average office worker. Additionally, when
estimating the heat gain from fluorescent lights, approximately 20% is added to the
lighting heat gain to account for the additional heat generated by the ballast.

The equation used to estimate the heat gain from lighting is:

Q = watts x ballast factor x CLF

Where,

Q - Sensible heat gain from lighting, W

Watts - Total energy input to lights, W

Ballast factor - 1.2 for fluorescent lights, 1.0 for incandescent lights
CLF - Cooling load factor, dimensionless

Similar to the sensible heat gain from people, a cooling load factor (CLF) can be used to
account for the capacity of the space to absorb and store the heat generated by the lights.
If the lights are left on 24 hours a day, or if the air-conditioning system is shut off or set
back at night, the CLF is assumed to be equal to 1.0.

Bureau of Energy Efficiency 229



14. Energy Performance Assessment of Buildings And Commercial Establishments

The internal heat gain from lighting in this example space can be determined as follows.

Amount of lighting in space -21.5 W/m®

Floor area -13.7mx 18.3m =250.7 m*
Total lighting energy -21.5 W/m® x 250.7 m* =5,400 W
Ballast factor - 1.2 (fluorescent lights)

CLF -1.0

(because the space temperature set point is increased at night)
Q=5400x12x1.0=6,480W
vii) Heat generated by equipment

There are many types of appliances and equipment in restaurants, schools, office
buildings, hospitals, and other types of buildings. This equipment may generate a
significant amount of heat and should be accounted for when estimating the space
cooling load.

The ASHRAE handbook contains tables of sensible and latent heat gains from various
types of office and restaurant equipment, although data for the actual piece of equipment
is preferred, if available.

Using this table, it is found that the coffee maker contributes 1,050 W of sensible heat
and 450 W of latent heat to this example space. Additionally, there are 5.4 W/m® of
computers and other office equipment in the space.

Therefore, the internal heat gain from computers and office equipment is:
Sensible heat gain = 5.4 W/m” x 250.7 m’ =1,354 W

Similar to the sensible heat gain from people and lighting, tables of cooling load factors
(CLF) can be used to refine this estimate. If the equipment is left on 24 hours a day, or if
the air-conditioning system is shut off or set back at night, the CLF is assumed to be
equal to 1.0. In this example, the CLF is 1.0 because the space temperature set point is
increased at night.

viii) Heat gain through infiltration

In a typical building, air leaks into or out of a space through doors, windows, and small
cracks in the building envelope. Air leaking into a space is called infiltration. During the
cooling season, when air leaks into a conditioned space from outdoors, it can contribute
to both sensible and latent heat gain in the space, because the outdoor air is typically
warmer and more humid than the indoor air.

Before estimating the heat gain from infiltration, we must first estimate the amount of air
that is leaking into the space. This is done through the air change method.
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It involves estimating the number of air changes per hour that can be expected in spaces
of a certain construction quality. Using this method, the quantity of infiltration air is
estimated using the equation:

Infiltration airflow = (volume of space x air change rate) / 3,600
Where,

Infiltration airflow - Quantity of air infiltrating into the space, m’/s
Volume of space - Length x width x height of space, m’

Air change rate - Air changes per hour

3,600 - Conversion from hours to seconds

ASHRAE tables provide estimates for infiltration using the air change method.
Assuming that the space in this example is of average construction and kept at
a positive pressure relative to the outdoors, air changes/hr of infiltration is estimated to be
0.3.

13.7mx 183 mx3.7m =927.6m’
3
927.6 x 0.3/ 3600 =0.077 m /s

Volume of space

Infiltration airflow

The equation used to estimate the sensible heat gain from infiltration is:
Qs = 1,210 x airflow x AT
Where,

Qs - Sensible heat gain from infiltration, W

1,210 - Product of density and specific heat, J/m® °K

Airflow - Quantity of air infiltrating the space, m*/s

AT - Design outdoor dry-bulb temperature minus the desired indoor dry-bulb
temperature, °C

The equation used to estimate the latent heat gain from infiltration is:
QL = 3,010 x airflow x Ah

Where,

QL - Latent heat gain from infiltration, W

3,010 - Latent heat factor, J kg dry air /m’ grams of water

Airflow - Quantity of air infiltrating the space, m*/s

Ah - Design outdoor humidity ratio minus the desired indoor humidity ratio, grams of
water/kg of dry air
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The psychrometric chart can be used to determine the humidity ratio for both outdoor and
indoor conditions.

Heat gain from infiltration can be calculated as follows:
Infiltration airflow - 0.077 m’/s

Outdoor conditions

Dry bulb temp. -35°C
Wet bulb temp. -25°C
h, - 15 grams of water/kg dry air
Indoor conditions
Dry bulb temp. -25.6 °C
Relative humidity - 50%
h; - 10 grams of water/kg dry air
Qs =1,210x 0.077 x (35-25.6) =876 W
QL =3,010x0.077x (15-10) =1,159W

The figures 1,210 and 3,010 in the above equations are not constants, but are derived
from properties of air at "standard" conditions (21°C dry air at sea level). Air at other
conditions and elevations will cause these factors to change.

Summary of space cooling loads

No. Space load components Sensible heat | Latent head
P P load, W load, W
i Conduction through
. 144
exterior wall
i1 | Conduction through roof 3,563
iii anductlon through 359
windows
v Sglar radiation through 6.447
windows
A\ People 1,350 990
Vi Lights 6,480
vii | Equipment 2,404 450
viii | Infiltration 876 1,159
Total space cooling load 21,623 2,599

This completes the estimation of the components of the cooling load for the space. The
total space cooling load will be used during a simplified psychrometric analysis in Period
Three to determine the quantity and temperature of air required to condition this space.
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ITI. Cooling load due to ventilation

In addition to these space cooling loads, there are other loads that affect the cooling coil
in the building HVAC system. These include the load of the outdoor air, deliberately
brought into the building for ventilation purposes and heat generated by the fans in the
system. These loads are added to the space load to determine the total cooling load for the
building. Estimating these additional components is necessary to properly size the
cooling coil for the system.

The amount of outdoor air required for a space is often prescribed by local building codes
or industry standards. One such standard, ASHRAE Standard 62, Ventilation for
Acceptable Air Quality, prescribes the quantity of outdoor air required per person (or per
unit area) to provide adequate ventilation for various types of spaces.

In this example, calculating the required quantity of outdoor air involves multiplying the
number of people in the space by the 0.01 m’/s of outdoor air required per person in an
office space.

Ventilation airflow = 18 people x 0.01 m’/s / person =0.18 m’/s

The sensible and latent loads from ventilation are calculated using the same
equations as for infiltration:

Qs = 1,210 x airflow x AT
QL = 3,010 x airflow x Ah

Cooling load due to the conditioning of ventilation air:

Ventilation airflow - 0.18 m*/s

Outdoor conditions:

T, -35°C

h, - 15 grams of water/kg dry air

Indoor conditions:

T; -25.6 °C

h; - 10 grams of water/kg dry air
Qs =1,210x0.18 x (35-25.6) =2,047W
QL =3,010x0.18x (15-10) =2,709 W

IV. System heat gains

There may be other sources of heat gain within the HVAC system. One example is heat
generated by supply air fans. The heat gain from fans is associated with three energy
conversion losses as given below.
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Fan motor heat gain = Power input to motor x (1-Motor efficiency)
Fan blade heat gain = Power input to fan x (1- Fan efficiency)
Duct heat gain = Power input to fan x Fan efficiency

The system heat gains are not considered in this example calculation

Summary of total coil cooling loads

Coil load components Sensible load, W | Latent load, W
Conduction through roof 3,563

Conduction through exterior wall 144

Conduction through windows 359

Solar radiation through windows 6,447

People 1,350 990
Lights 6,480

Equipment 2,404 450
Infiltration 876 1,159
Total space cooling load 21,623 2,599
Ventilation 2,047 2,709
Total coil cooling load 23,670 5,308

Calculation of supply air

The proportions of sensible and latent heat must be known in order to determine the
proper condition of the air supplied to cool the space. This Sensible Heat Ratio (SHR), is
the ratio of sensible heat gain to total (sensible + latent) heat gain, and is defined as
follows:

SHR = Sensible heat gain / (Sensible heat gain + Latent heat gain)
=21623 W/ (21623 W + 2599 W)
=0.89

This means in this example 89% of the cooling load for the space under consideration is
sensible and 11% is latent.

Supply air flow
= Sensible heat gain / {1210 x (Room dry bulb temp. — Supply dry bulb temp.)}

The next step is to either assume the supply air dry bulb temperature and calculate the
supply air flow or assume the supply air flow and calculate the supply air temperature.
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In this example assuming supply air dry bulb temperature as 12.8 °C

Supply air flow =21623 W/{1210 x (25.6 °C — 12.8 °C)}
=1.4ms

14.6 Performance Assessment of Lighting System

Lighting accounts for a significant portion of the energy use in commercial buildings. In
addition, heat generated by lighting contributes to the thermal load to be removed by the
cooling equipment. The details of the lighting source which include the wattage, type of
lamp and inventory of lamp needs to be collected floor wise or section wise and lighting
power density (LPD) is to be determined.

Lighting Power Density (LPD): It is defined as the ratio of total operating lighting load
(W) for a specified region of the building to the built up area (m?) of that specified
region. LPD for a typical building is assessed and given in the Table 14.2.

Table 14.2 Determination of lighting power density (LPD)

Number Total Total Lighting
Floor Wattage Types e e . power
of Lighting Area in e s
reference of Lamp | of lamp . density in
lamps Load in kW m2
W/ m2
Floor- 1 165 36 CFL 17.80 2120 8.40
Floor - 2 212 36 CFL 22.86 2722 8.40
Floor — 3 568 36 CFL 61.32 4247 14.44
Admin 83 36 CFL 5.98 2132 2.80
Amenities
& 260 36 CFL 9.36 3549 2.64
Cafeteria

Methodology of Lighting System Assessment:

Calculation of Installed Load Efficacy Ratio (ILER):

Actual, lux/W/m?
Target, lux/W/m”*

Installed Load Efficacy Ratio ILER)=

LxW

Room Index (RI)=——————
H_x(L+W)

Where, L =length of interior; W = width of interior; Hm = the mounting height, which is
the height of the lighting fittings above the horizontal working plane.
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Determination of Measurement Points

The number points in which the lux level measurements are to be made depends on room
index. The Table 14.3 gives the minimum number of measurement points for a given
room index.

Table 14.3 Number of lux measurement points

Room Index | Minimum number of measurement points
Below 1 9
1 and below 2 16
2 and below 3 25
3 and above 36

The average maintained illuminance is obtained by averaging the lux readings taken at
different measurement points in a room or floor. The target lux/W/m* for maintained
illuminance on horizontal plane is given inTable 14.4.

Table 14.4 Target lux/W/m? values for maintained illuminance on horizontal plane
for all room indices and applications

Room Index | Commercial lighting | Industrial lighting Industrial lighting
(Offices, Retail stores, (Manufacturing installations where
etc) & very clean | areas, Workshops, standard or good colour
industrial applications, | Warehousing etc.) rendering is not essential
Standard or good | Standard or good but some colour
colour rendering. colour rendering. discrimination is required.

Ra: 40-85 Ra: 40-85 Ra: 20-40
5 53 49 67
4 52 48 66
3 50 46 65
2.5 48 44 64
2 46 42 61
1.5 43 39 58
1.25 40 36 55
1 36 33 52

Ra : Colour Rendering Index

The installed load efficacy ratio is the ratio of actual calculated lux/W/m? to the target
lux/W/m? given in the Table 14.5.

Table 14.5: ILER Calculation Procedure:

STEP 1 | Measure the floor area of the interior Area = 45 m?

STEP 2 | Calculate the Room Index RI = 193

STEP 3 | Determine the total circuit watts of the
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installation by a power meter if a separate feeder | Total circuit watts = 990W
for lighting is available. If the actual value is not
known a reasonable approximation can be
obtained by totaling up the lamp wattages
including the ballasts

STEP 4 | Calculate Watts per square metre, 3 +1 Wimz= 22

STEP 5 | Ascertain the average maintained illuminance,
Eav. Maintained (average lux levels measured at

18 points) E,v.maint. = 700

STEP 6 | Divide 5 by 4 to calculate the actual lux per watt

2 —
per square Metre Lux/W/m?= 31.8

STEP 7 | Obtain target Lux/W/m? lux for type of the type
of interior/application and RI (2):(Refer Table

2
13.4) Target Lux/W/m? = 46

STEP 8 | Calculate Installed Load Efficacy Ratio (6 + 7 ) ILER = 0.7

Referring to Table 14.6, ILER of 0.7 means that there is a scope for review of the lighting
system.

Table 14.6 Assessment (Indicators of Performance)

ILER Assessment
0.75 or over Satisfactory to Good
0.51 -0.74 Review suggested
0.5 or less Urgent action required

Having calculated the ILER for an existing lighting installation, then the difference
between the actual ILER and the best possible (1.0) can be used to estimate the energy
wastage.

Annual Energy Wastage : (1 - ILER) x (watts / 1000) x operating hours per annum
:(1-0.7) x (990 / 1000) x 8 hrs/day x 300 days
: 712 .8 kWh / annum

Inference: ILER Ratios of 0.75 or more may be considered to be satisfactory. Existing
installations with ratios of 0.51 - 0.74 certainly merit investigation to see if improvements
are possible. Of course there can be good reasons for a low ratio, such as having to use
lower efficacy lamps or less efficient luminaire in order to achieve the required lighting
result — but it is essential to check whether there is a scope for a more efficient
alternative. Existing installations with an ILER of 0.5 or less certainly justify close
inspection to identify options for converting the installation to use more efficient lighting
equipment.
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This process of comparing the installed load efficacy (ILE) with the target value for the
Room Index and type of application can also be used to assess the efficiency of designs
for new or replacement of general lighting installations. If, when doing so, the calculated
ILE (lux/W/m?) is less than the target value then it is advisable to ascertain the reasons. It
may be that the requirements dictate a type of luminaire that is not as efficient as the best,
or the surface reflectance are less than the normal maxima, or the environment is dirty,
etc. Whatever the reasons, they should be checked to see if a more efficient solution is
possible.
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QUESTIONS

S-1 | Define average annual hourly EPI?

S-2 | Define EPI?

S-3 | Calculate the heat loss due to conduction for a wall with the following data:
Area of the wall : 9.3 m 2, U — factor : 0.284 W/m? °K, Indoor dry bulb temperature :
21.1 °C, Out door dry bulb temperature : 30°C.

S-4 | Define ILER and its significance.

S-5 | Define room index? For a room of length 10 m and width 20 m, calculate room index?

S-6 | What are the thermal comfort standards for temperature and humidity as per NBC?

S-7 | The built-up area of the building is 1500 m? and lighting load is 25 kW. Find ou t the
lighting power density (LPD) of the building?

S-8 | The annual energy consumption for a building with 8500 m? of built -up area is
32,00,000 kWh. Calculate the EPI?

S-9 | The wet bulb temperature of the return air from an AHU is 29'C. Find out the enthalpy
from psychrometric chart.

S-10 | Why water cooled refrigeration system is more efficient than air cooled?

L-1 |In a performance monitoring of Air Handling Unit (AHU) in a building energy audit,
the following observations were made.
(i) air coil filter area = 3.05 m? (ii) air velocity = 1.5 m/s (iii) Return air dry and wet
bulb temperatures are 22.6 and 17.9 respectively (iv) Supply air dry and wet bulb
temperatures are 15.7 and 15.2 respectively.
Calculate the actual TR load of AHU

L-2 | The SHR for a given space is 0.9 . If the latent heat gain is 1900 W, calculate the
sensible heat gain.

N-1 | Compare the performance of a centrifugal chiller with vapour absorption chiller using

the data given below

Parameter Centrlfugal VAM
chiller
Chilled water flow (nT/h) 189 180
Condenser water flow (m/h) 238 340
Chiller inlet temp (°C) 13.0 14.6
Condenser water inlet temp (°C) 27.1 33.5
Chiller outlet temp (°C) 7.7 9.0
Condense water outlet temp (°C) 35.7 39.1
Comp. power consumption (kW) 190 -
Steam consumption (kg/h) - 1570
Chilled water pump (kW) 28 28
Condenser water pump (kW) 22 33
Cooling tower fan (kW) 6.0 15

1) Evaluate the tonnes of refrigeration (TR) of both the systems?
i1) Compare the auxiliary power consumption of both the chillers. What do you observe
from the data andgive reasons?
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Energy Auditors

After successfully completing this
chapter you will be able to complete
the following tasks:

v Understand the process of textile
manufacturing

v' Monitor the energy consumption of
process equipments and utilities

v Estimate the efficiency of stenters/dryers

v' Assess the performance of dyeing
machines

v' Evaluate the performance of thermic
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15. ENERGY PERFORMANCE ASSESMENT OF TEXTILE
INDUSTRY

15.1 Introduction

The textile industry in India is one of the largest process industries in terms of its
production and employment. Modern textile units are energy intensive requiring both
thermal and electrical energy for their operation. The energy cost accounts for about 15 —
20% of the manufacturing cost. A typical energy consumption pattern of a composite
textile mill is given in Figure 15.1.

The textile industries with energy consumption equivalent to 3000 MTOE per year and
above have been brought under designated consumer category as per Energy
Conservation Act in India.

Electricity Consumption
Heat Consumption
Others Steam
8% i e distribution
Lighting Spinning network losses Bleaching and
49, preparatory 10% finishing
13% department
Wet processing Boiler plant consumption
10% losses 35%
— 25%
v o Ring frame
Humuditication 80
19% : R Humidification, Dyeing and
Weaving Weaving sizing and PHIMHAE
. consumption
13% preparatory aracm i
- ) 15% 15%
5%

Figure 15.1 Energy Consumption of a Composite Textile Mill

15.2 Textile Manufacturing Process

The four major stages of processing is follows as (Figure 15.2)

<> Spinning and weaving process (A)

X Wet Process (B)
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| Yam fabrication |
Yaml
A
Fabric production
.
Fabrioh
B I Wet processing I |Yamf:bnc:bm
== Colored
fabnc
el | Garment Manufacturing |
. l A J

Figure 15.2 Textile manufacturing processes

A.Spinning and weaving

a) Yarn Fabrication

Yarn fabrication is the process, which converts raw fiber into yarn or thread (Figure 15.3).
The fibers are prepared and then drawn out and twisted to form the yarn, which is then
wound onto a bobbin or cone. The yarn fabrication is entirely dry, although some yarns
may be dyed and finished as a final customer product

- -

‘ Opening /Blending |
v

| Cleaning |

L 2

| Carding |
v

| Combing |
v

[ Drawing |
\ 4

l Roving |
4

Figure 15.3 Main steps in yarn production of cotton and wool (Natural Fibers)

Opening / Blending: Raw materials (cotton and synthetic) are received in compact bales.
The traveling type machine removes and separates the compressed fibers from each bale
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and open into the smallest flock gently. More bales can be processed at a time by this type
and thus have long term blending.

Cleaning: Cotton is passed through a series of machines (beaters) where opening and
cleaning takes place simultaneously. Removes strange matters such as plant parts, seed
hulls, dirt, etc, from the fibers. Speed of beater and clearance setting may be varied to
achieve the desired level of cleaning.

Carding: The fibers are formed into a mat by passing through two press rollers. This mat
is continuously fed into the card. The sheet of carded fibers is removed through a funnel
into a loose rope like strand called a sliver.

Combing: Processing cotton or wool stock through a series of needles/combs, to remove
short fibers and strange matters and to form a sliver of maximum possible evenness.

Drawing: The drawing frame contains number of strands of card sliver and passes them
through a set of rollers that rotate at successively faster speed. These rollers combine
fibers into a single and more uniform strand. They draw out and lengthen fibers (5-6
times).

Roving: The drawn frame sliver is fed into the drafting arrangement, which attenuate the
sliver. The yarn is stretched and slightly twisted to strengthen the strand (8 times the
length and 1/8 the diameter).

Spinning: The rove fed into the drafting
arrangement is further attenuated and twisted to
the desired size to spin into the final yarn. The
twist is generated by the spindle, which rotates at
a higher speed. Each revolution of spindle imports
one turn of twist to the strand. Finally the yarn
(twisted fiber strand) is wound on bobbin
mounted on spindle with the help of traveler.

It uses four types of technologies: Ring spinning,
rotor spinning, air jet spinning and friction spinning. Ring spinning is the most used in
India due its wide adaptability for spinning different types of yarn. Rotor spinning is also
widely used.

b) Fabric Production

Fabric production, the second step, involves weaving / knitting

Weaving :

Weaving is the most common method used for producing fabrics. The process is carried
out of two sets of threads, which interlaces lengthwise yarns (warp yarns) with widthwise
ones (weft or filling yarns).
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To prevent the warp yarns from braking during
weaving, the warp threads are coated with a size at 80 —
90 °C before weaving, to increase their tensile strength
and smoothness. Natural starches are the most
commonly used sizes, although compounds such as
polyvinyl alcohol (PVA), resins, alkali-soluble
cellulose derivatives, and gelatin glue have been used.
The sizing compound is dried at 100-130 °C on the
threads and remains a part of the cloth until it is
removed in the subsequent processes.

Knitting :

In knitting fabric is formed through interlocking series of yarn loops by using hooked
needles. Rows of stitches are formed so that each row hangs on the row behind it, usually
using sophisticated, high-speed machinery.

B.Wet Processing

The fabric produced from the weaving or knitting is in rough condition, contains
impurities and is often termed 'grey' fabric. Fabric processing (wet processing) is done to
improve the appearance and serviceability of the fabric. The main operations carried out
in this step include pre-treatment, dyeing, printing and finishing (Figures 15.4 and 15.5).
The wet processing, consumes huge quantities of water, chemicals and thermal energy.

(Y

Knitting
[Fabric

Finished
fabric

Bleaching Dyeing and/or Printing Finishing

Figure 15.4 Wet processing of knitted cotton fabrics

Woven Pre-treatment . e
Fabric m (desizing-scouring- bleaching) Mercerising

Finished
fabric

e Dyeing and/or . —
Finishing [€=— Printing <§— Dyeing and/or Printing

Figure 15.5 Wet processing of woven cotton fabrics
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Summary of the main wet processing operations in textiles manufacturing

Process Purpose and Conditions
Singeing Direct or indirect flames are used to remove fuzzy fibers, followed by
quenching.
Desizing The sizing ingredients are removed from the grey fabric by dissolving them.

Desize formulation depends on the nature of the sizing agents, i.e. enzymatic or
oxidative treatments are used for starch sized fabrics, whilst acrylate sizes can be
removed by hot water (80-90°C). PVA can be removed by using hot water in the
presence or absence of peroxygens.

Scouring The scouring process is carried out to remove impurities such as wax, fatty acids,
oils, etc, present in the fabric. Scouring is carried out in alkaline conditions (with

sodium hydroxide) under high pressure and temperature (above IOOOC).

Bleaching Bleaching is used to whiten fabrics and yarns. Different chemicals such as
hypochlorites (room temperature), hydrogen peroxides (temperature 90-95°C),
etc, are used as bleaching agents. The process conditions during bleaching vary
with the type of agent used. Once bleaching is complete, the bleaching agent
must be completely removed, either by thorough washing or through the use of
enzymes.

Mercerization | Mercerizing increases the tensile strength, luster and dye uptake of the cotton
fabric or yarn, which is treated with cold sodium hydroxide solution
(temperature 18°C, time 20-40 sec). This causes swelling of the fiber, which
results in an increase in the dye intake

Dyeing Dyeing is employed to give an all-over shade to the fabric. It basically involves
diffusion of dye molecules into the textile fabric, which imparts the required
color. Dye bath formulation and dyeing conditions depends on the dye stuff
classes used. Batch and Continuous techniques are available for dyeing the
textile material.

Jigger, Winch, Padding, Mangle, and Jet dyeing are some of the important
dyeing machines used.

Printing Printing is a process by which colored patterns are produced on the fabric. The
color is applied to the prepared fabric on specific areas and then treated with
steam, heat or chemicals to fix the color to achieve a planned design. Pigment or
wet or discharge printing can also be used. Final washing of the fabric is carried
out to remove excess paste and leave a uniform color.

Finishing
This stage includes the final operations necessary for making the textile presentable and
attractive. It imparts the final aesthetic, chemical and mechanical properties to the fabric

as per the end use requirements to improve appearance, texture or quality. The finishing
operations include:

Drying: Drying removes the moisture from the fabric using drying machines such as
stenter / drying cylinders.

Providing Dimensional Stability: This is one of the most important finishing operations.
The fabric, which is in a distorted condition, is brought to the required dimensions of
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width and length in a process called heat setting at around 140 - 150 °C. The heating
medium used is thermic fluid/steam.

Calendering: A kind of glossy skin is formed on the fabric surface during calendering.
The damp fabric is pressed hard against a hot, polished metal surface until it dries.

Softening: After calendering, the fabric becomes a little stiff. Breaking down this
stiffness is called softening. The fabric is led through the softening machine so that it
touches the studded rollers lightly and drags them around. In this way, the surface of the
fabric is lightly disturbed making it much softer.

Depending upon the type of fabric to be processed and the final product, any or all of the
above processing operations can be carried out.

15.3. Monitoring of Energy Consumption in Textile Production Process

The objective of the assessment is to find out the specific energy consumption of both
electrical and thermal per kg of yarn or fabric. The main processing areas in textile
manufacturing that consume more energy are Spinning and Weaving, Wet Processing,
and Garment Manufacturing. In addition, processes not directly related to production
such as compressors, humidification systems etc. also consume significant energy.

Assessment of electrical energy consumption in the process
a) Spinning and weaving processes

Determine the processes in spinning and weaving where the largest amount of electricity
is used and the data is to be tabulated as per Table 15.1.

Table 15.1. Overview of electricity use in Spinning and weaving processing

Process/equipment Specific energy consumption

b) Wet processing

Determine the processes in wet processing where the largest amount of electricity is used
and the data is to be tabulated as per Table 15.2.

Table 15.2. Overview of electricity use in wet processing

Process/equipment | Specific energy consumption
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Assessment of electrical energy consumption in utilities (other than process)

Electrical energy is used up in many areas other than process in the textile plant,
including humidification, compressed air systems, lighting systems, electrical distribution
network (as losses) and other utilities. Each major utility has to be assessed for energy
consumption using online energy meters if available or with the portable power analyzer
and tabulated as in Table 15.3.

Table 15.3. Electrical energy use in other activities

Process Specific energy consumption

Humidification
Compressed air systems
Lighting

Other utilities

Assessment of overall electrical energy use

After reviewing the main production areas as well as the other company activities, this
step is intended to analyse the overall energy use and to calculate associated costs and
ratios as shown inTable 15.4.

By comparing the current performance with the previous years or the industries average
(benchmarking) it will be possible to identify energy saving opportunities. Since energy
use may vary according to capacity utilization, the use of relative indicators, such as
(kWh / kg of product) and (total energy costs / overall operating expense) is encouraged.
This step will also help to continue with the further development of potential energy-
saving changes.

Table 15.4. Overview of total electricity use in textile production

(a) (b) (¢)=(a)x (b)

A Activit
rea or Activity Total electricity | Unit Cost | Total electricity

use (kWh) (Rs./kWh) costs

Spinning &weaving

Wet processing

Other activities

Total electrical energy
use

Assessment of overall thermal energy use

Besides electricity, thermal energy carriers such as steam and thermic fluid generated
through coal, gas, oil, wood etc., are also used in other processes and activities. The
thermal energy is predominantly used in wet processing activities. Since fuels have
different calorific values thermal energy used is expressed in Metric Tonnes of Oil
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Equivalent (MTOE). The format for assessment of overall thermal energy use is given in
Table 15.5.

Table 15.5. Total thermal energy use

Total fuel Calorific | Total energy | Cost per | Total costs
consumption value use (MTOE) | unit(d) (e)=(a)x
Energy carrier (a) kCal/unit | (c) = (b) /10’ (d)

(b)

Fuel oil, kg

Coal, kg

Natural gas,
Sm?®

Charcoal, kg

Wood, kg

Others

Total thermal
energy use

Assessment of overall energy use

The overall energy use can be calculated from the electricity bills and fuel bills for one
year period and expressed in MTOE as shown inTable 15.6.

Table 15.6. Total overall energy in textile production

Overall energy use Total energy use
(MTOE)

Electrical energy (Grid + Captive generation), (kWh x 860 / 107)

Thermal energy, MTOE

Total overall energy use

Benchmarking / Energy Performance Index

The generated data can be further used for benchmarking as shown in Table 15.7. In an
internal benchmarking, the current performance can be compared with past values in
order to observe the improvements. External benchmarking will require comparison with
industry average or competitors. The benchmarking parameters commonly used are
kWh/kg and kCal/kg of yarn or fabric.

Table 15.7. Benchmarking / Performance Index

Specific energy consumption Benchmark | Actual

Electrical — kWh/kg (Grid + Captive generation)

Thermal energy, kCal/kg
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15.4 Performance Monitoring of Process Equipment

The major energy consuming equipment in textile processes are ring frames, carding,
winding and blow room machinery. Since the ring frame is single largest consumer, the
performance monitoring is limited to ring frame. Similar approach can be adopted for
other equipment. In the wet process the energy intensive equipment are stenters and
dyeing machines, performance evaluations of which are given in this chapter.

Performance Evaluation of Ring Frame

The energy consumption depends on yarn count, mix ratio of cotton and polyester,
spindle speed, ring diameter, weight of traveler, package diameter, lift, spindle gauge,
spindle wharve diameter, type of spindle tape used, front roller speed, maintenance
practices of ring frames, type of pneumafil system, motor drive system, etc. The spinning
energy performance is reported in terms of kWh consumption per kg of yarn produced at
an average reference count. Also there is a convention of reporting specific energy
consumption as kWh consumption per spindle shift. Both the figures are bench marked
against best practice values and energy saving opportunities implemented accordingly.

Motor Performance Monitoring:

Since the spinning section comprises of large number of motors, load analysis of motors
has to be carried out and potential for shuffling, operating in star mode, retrofitting of soft
starters energy saver, replacement of motors etc need to be analysed. The procedures
described in Chapter-5 may be adopted.

Performance Evaluation of Stenter —Hot Air Dryer

The stenter is a hot air dryer, with the fabric passing through on a chain drive, held in
place by either clips or pins. The stenter has many chambers and in each chamber, the air
is blown through the radiators in which steam or thermic fluid is passed. The heated air is
circulated above and below the fabric and is exhausted to the atmosphere by exhaust fans.
Direct firing of natural gas is also practiced in stenters. Apart from drying, the stenter is a
versatile piece of equipment used for pulling the fabric to width, chemical finishing, heat
setting and curing. Refer Figure 15.6 (a & b) for the schematic diagram.

Performance Evaluation Methodology

Efficiency estimation of Stenters/dryers can be done by measurement of moisture content
in material before and after the dryer to estimate total moisture removal from the
substance. The energy required to drive out this moisture is termed as useful energy spent
in the dryer. By measuring the total input heat energy to the dryer, the dryer efficiency is
estimated.
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Figure 15.6 (a) Schematic of a Stenter

w

Figure 15.6 (b) Typical Stenter
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Parameters to be measured

1. Measure moisture content of material at inlet to dryer

Measure moisture content of material at outlet of dryer

Measure mass flow rate of dried material.

Measure input thermal energy to dryer which could be in the form of (i) hot air
input (i1) Steam heating or (iii) electrical heating through various direct
measurements or indirectly from quantity of fuel fired and combustion efficiency
assessments for direct fuel fired dryers.

Sl el

Wx(min _mout)x{(T

=T )+540
out m ) + } XlO
Qin

0

Dryer efficiency, % =

Where,

w - Weight of the material output of the dryer on bone dry basis, kg/hr

m;, and my,; - Moisture content in feed and output material of the dryer, respectively,
expressed as kg moisture/kg bone dry material

Tinand Toye - Temperature of the material being dried at the dryer inlet and outlet,
respectively, °C

Qin - Thermal energy input rate to dryer, kCal/hour

Example 15.1

The throughput of a textile stenter is 1000 kg/hr. The inlet moisture content of the cloth is
50% and the outlet moisture is 5%. The inlet and outlet temperature of the cloth is 28 °C
and 80 °C. The stenter is supplied with steam at an enthalpy of 660 kCal/kg, the
condensate leaves at 90 °C. The flow rate of steam is 1000 kg/hr. Estimate the overall
thermal efficiency of the dryer. The latent heat of evaporation of water is 540 kCal/kg.

1000 kg/hr of wet cloth contains
1000 x 0.50 kg water = 500 kg/hr of moisture
and 1000 x (1-0.50) =500 kg/hr bone dry cloth.

As the final product contains 5% moisture, the moisture in the product is (500 x
0.05)/0.95 =26.3 kg

Inlet moisture = 500/500 = 1 kg of moisture / kg of bone dry material
Outlet moisture =26.3/500 = 0.053 kg of moisture / kg of bone dry material

= T -T 4
Wx(mm mouz)x{( out m)+5 O}XIO
Qin
500x(1-0.053)x{(80—-28)+540}
1000x(660—-90)

Dryer efficiency, % = 0

Dryerefficiency, % = x100

Dryerefficiency =49%
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Performance Evaluation of Dyeing Machines

The different types of machines used in the aqueous
dyeing of textile fabrics are open width Jigger dyeing
(Figure 15.7), Jet dyeing, rope form Winch dyeing etc.
These are operated at atmospheric pressure or higher
pressure and temperatures below or above 100 °C
depending on the substrate being dyed. The major energy ; .
usage in dyeing is thermal energy in the form of steam. "-f?-' T /ﬁ}

Figure 15.7 Jigger Dyeing

The bath (liquor) ratio may vary from 1:3, 1:6 to 1:10 or higher (i.e.1 kg of textile
material to 3, 6 to 10 litres of water on weight ratio) based on the dyeing types (batch /
continuous). The dye colour and chemicals are mixed in the water heated by steam.

Energy Balance Calculation for dyeing machines

The approach to calculate energy balance is more or less similar to all dyeing machines.
Dyeing requires steam to heat the liquor to the requisite temperature and maintain the
temperature for a specific period of time.

Energy input is calculated in the following ways:

a) Steam flow rate can be calculated by collecting the quantity of steam condensate
for a specified time period.

b) Enthalpy of steam can be drawn from the pressure of steam using steam
table/Mollier chart.

Heat Load (at input) = Ms x total enthalpy of steam

Energy output is calculated in the following ways:

a) The heat absorbed by the fabric and vessel.

b) The heat taken by the liquor.

¢) The heat through radiation and convection by machine surface
d) Heat in the vapours

Heat Load (at output) = (b) + {(a) + (¢) + (d)}* = (M, Cp; Aty) + {10% of (b)}

Where, = Ms — Mass flow rate of steam
M, — Mass of liquor
Cpi - Specific heat capacity of liquor
T — Temperature difference between initial and final liquor temperatures
* Since the values are insignificant and tedious to calculate, it will be
reasonable to assume that fabric and other losses account for additional
10% of the steam input.
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Specific consumption of steam in dyeing is calculated as kg of steam per kg of cloth.

Example 15.2. 100 kg of fabric is to be dyed in a jigger. The dye liquor is heated from 30
to 80 °C. Calculate the quantity of steam required at 2 kg/cm2 (g) and specific steam
consumption if the liquor ratio is 1:6.

Using heat balance equation,
Heat energy input = Heat energy output

i.e., Ms x Enthalpy of steam = (M; Cp; Aty) + {10% of M, Cp; At;}
Enthalpy of steam at 2 kg/cm2 (g) = 650 kCal/kg

Given Liquor ratio = 1:6, which implies to dye 100 kg of fabric, 600 litres of water is
required

Therefore, Quantity of steam (Ms) = {[600 x 1 x (80-30)] + 0.1 x [600 x 1 x (80-30)]}
650

=50.76 kg
Specific steam consumption = 50.76 / 100 = 0.51 kg steam / kg cloth

15.5 Performance Monitoring of Ultilities

The major energy utilities of textile industry are:

1. Boilers and steam systems
it.  Thermic fluid heaters
iii.  Compressed air systems
iv.  Humidification systems

Boiler and Steam Systems

The steam boiler, as a supplier of thermal energy for heating purposes, is the heart of a
dye house in wet processing operations. Different fuels are used to operate the steam
boilers viz., wood, coal, oil and gaseous fuels based on the cost and availability, calorific
value, ease of combustion and flue gas characteristic.

Refer to chapter-1 of this book for Performance evaluation of boiler (Direct & Indirect
method of efficiency testing) and chapter-3 of book - 2 Steam systems.
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Thermic Fluid Heaters

The thermic fluid heaters provide thermal energy for high temperature operations such as
drying of fabric in stenter after dyeing operation in wet processing. The drying and
finishing of textiles are highly energy intensive processes since it involves the use of very
hot air (140-200°C) to either remove chemically held water from the textiles by
evaporation or physically /chemically set the textile materials.

Employing petroleum - based fluids as the heat transfer medium, these heaters provide
constantly maintainable temperatures for the user equipment.

The modern oil fired thermic fluid heater (refer Figure 15.8) consists of a double coil,
three pass construction and fitted with modulated pressure jet system. The thermic fluid,
which acts as a heat carrier, is heated up in the heater and circulated through the user
equipment. There it transfers heat for the process through a heat exchanger and the fluid
is then returned to the heater. The flow of thermic fluid at the user end is controlled by a
pneumatically operated control valve, based on the operating temperature. The heater
operates on low or high fire depending on the return oil temperature, which varies with
the system load.

The advantages of these heaters are:

e (losed cycle operation with minimum losses as compared to steam boilers.

e Non-Pressurized system operation even for temperatures around 250 °C as against
40 kg/cm” steam pressure requirement in a similar steam system.

e Automatic control settings, which offer operational flexibility.

e (Good thermal efficiencies as losses due to blow down, condensate drain and flash
steam do not exist in a thermic fluid heater system.

Performance Evaluation

Thermic fluid heater efficiency can be tested by the following methods:

1. The Direct Method: Where the energy gain of the working thermic fluid is
compared with the energy content of the heater fuel.

2. The Indirect Method: Where the efficiency is the difference between the
losses and the energy input. It is also called as heat loss method.

The Direct Method of Testing: This is also known as ‘input-output method’ due to the
fact that it needs only the useful output in thermic fluid and the heat input (i.e. fuel) for
evaluating the efficiency. This efficiency can be evaluated using the formula

Thermic fluid heater efficiency = Heatoutput %100

Heatinput
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Where,

Heat Output (kCal/h) = mass flow rate of thermic fluid (kg/h) x specific heat of fluid
(kCal/kg°C) x temperature difference of fluid (°C)

Heat Input (kCal/h) = Fuel firing rate (kg/h) x Gross calorific value of fuel (kCal/kg)

From
process
To process
Control panel i . Dearator
| ‘I tank
~—~ -
= I | nsulsted |
vuler shell
| "= |i
|
L)
" IgExhaust !
Blower [N
| s
Fuel oil filter =R =7 : i
I
— e o a Circulation pump
|

Figure 15.8 A typical configuration of Thermic Fluid Heater
(Energy Machine India)

Example 15.3. Test Data and Calculation

Heat output data:

Flow rate of thermic fluid : 68 m’/h
Inlet temperature of thermic fluid  : 200 °C
Outlet temperature of thermic fluid : 212 °C

Specific heat of thermic fluid : 2.223 kJ/kg °C
Density of the thermic fluid : 826 kg/m’
Heat input data:

Quantity of fuel oil consumed (Input) : 46 kg/h
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GCV of fuel oil : 10000 kCal/kg

Calculation:
Heat output (thermic fluid) = 68 x 826 x (2.223/4.187) x (212-200) = 357902.5 kCal/h

Heat input (fuel) = 46 x 10000 = 460000 kCal/h
Thermic fluid heater efficiency = (357902.5 / 460000) x 100 = 77.8%

(Note: The indirect method for efficiency testing of thermic fluid heater is similar to that
for boiler testing; refer to chapter -1 Boiler, for Indirect Method)

Compressed Air Systems

The intensity of compressed air use is high in spinning section due to automated
machines in spinning section. Mostly reciprocating/screw compressors are used. For the
performance evaluation of compressed air systems, refer to chapter-8 of this book and
chapter-3 of book-3.

Humidification Systems

Need for Humidification: The relative humidity and temperature level needs to be
maintained within a prescribed tolerance limits at all steps of textile processing so as to
avoid the problems of yarn breakage in dry and brittle condition and also to minimize the
build up of static charge so as to reduce dust and fibre fly (fluff). For this purpose, spray
air washers using spray water as the medium for adiabatic cooling of air (by direct
evaporation of water into the air stream thereby reducing the air’s dry bulb temperature
and raising its humidity) are extensively used in humidification systems.

The system (Figure 15.9) consist of a chamber containing multiple banks of spray headers
with spray nozzles, a tank for collecting spray water as it falls and an 'eliminator section'
with PVC blades having 3 or 4 bends for removing droplets of water from the air which
is humidified after passing through the curtain of spray water, before discharge to the air
ducts for distribution to the humidified areas.

Psychrometrics of humidification:

The room sensible heat load calculations are worked out as the sum-total of:
o Heat dissipation from the machines operating kW load in various departments.
o Lighting load
e Solar heat gain through insulated roof

e Occupancy load
o Heat gain from supply air fan motors

Note: For detailed heat load estimation, ASHRAE - HVAC handbook can be referred.
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Figure 15.9 Typical Textile Humidification

Saturation efficiency
Higher saturation efficiency of air washer is defined as the ratio

Saturation Efficiency (%) = Entering Air DBT - Leaving Air DBT %100

Entering Air DBT - Entering Air WBT

Improving the saturation efficiency reduces the temperature of air leaving the air washer
thereby increasing the delta "T' (temperature rise of saturated air due to heat pick up in the
department) for a specific heat load and relative humidity condition in the department
with consequent reduction in required supply air quantity and fan motor power
consumption.

Example 15.4.

Temperature of humidified air leaving the air washer based on summer outside design
dry bulb (40°C) and wet bulb temperatures (25°C) and design saturation efficiency (95%)
is calculated as follows and plotted on the psychrometric chart (Figure 15.10).

LeavingAir Temperatue from Air- Washer
=EnteringAir DBT- (Ent.AirDBT- Ent.Air WBT)x % Saturationefficiency
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Air temperature leaving the air washer = 40-(40-25) x 0.95 = 40-14.25 = 25.75°C.

A0 3 ¢ B 10 15 n = » » © &5 w0 E3 -
Dry-tuid Termp °C

PSYCHROMETRIC CHART TEMPERATURE IN ’C

1 Entering air condition : 40 °C DB & 25°C WB temperature to air washer
1’ Air temperature leaving air washer 25.75 °C

2 Blow room : 65% RH & 31.9 °C

3 Spinning section : 60% RH & 33.2 °C

4 Carding, Combing, Drawing & Roving : 55% RH & 35 oC.

Figure 15. 10 Mill Humidification Process

With change in ambient air wet bulb temperature, the air-temperature leaving the air
washer will also vary along with a change in the department's inside dry bulb
temperature, even though the inside design relative humidity condition remains constant.

The line of supply air temperature rise in the department due to heat gains is plotted
horizontally, starting from the point of "leaving air temperature condition" after
humidification in air washer, till it reaches the design relative humidity line for the
corresponding department.
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The required supply air quantity is calculated as follows:

Room Sensible Heat Load (kCal/h)

Supply Air Quantity (m3/h) = Z
0
Specific heat of air (kCal/kg C)X Density of air (kg/m )

0
X Temperature rise of humidified air( C)

Example 15.5. In a typical spinning mill humidification application, the sensible heat
load of the spinning department is estimated as 10,03,000 kCal/h, temperature rise was
8°C and the density and specific gravity of the air were 1.2 kg /Nm® and 0.24 kCal/kg °C,
respectively. Calculate the supply air quantity for the department.

= (10,03,000 kCal/h) / (0.24 kCal/kg °C x 1.2 kg /Nm’ x 8°C)
= 4,35,330 m’/h.

Supply air quantity

Table 15.8. Humidification design parameters for a typical spinning mill with
summer outside design conditions of 40 °C DBT & 25 °C WBT

S. Department Volume | Machinery | Inside Design Conditions | Estimated Air
No. of space| operating | Relative | Inside DBT (°C) | supply air | changes
(m?) kW load | humidity (at summer flow rate | per hour
(%) | outside condition | (m’/h)
specified)
1. |Blow Room 3150 96 65 31.9 64,000 20
2. |Carding, combing, 11,300 422 55 45.0 1,67,000 15
draw frames and
roving (preparatory
areas)
3. |Ring Frame 13,200 1050 60 33.2 4,70,000 36
(Spinning)

Performance Evaluation of Fans

The energy consumption in humidification systems is dominated by fans accounting for
90%. Hence any attempt to reduce energy consumption in humidification system depends
on efficient operation of fans, optimizing number of air changes, reducing pressure drops
in ducting and use of energy efficient fans and motors. For performance evaluation of
fans, blowers and duct systems, refer to chapter-6 of this book.
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QUESTIONS

S-1

In textile process what is meant by wet processing?

S-2

By what process wax, fatty acids and oils are removed from yarn/clothes
in textile processing?

S-3

\ Name two chemicals used as a bleaching agent.

S-4

‘ Name two kinds of machine used for dyeing.

S-5

200 kg of fabric is to be dyed in a jigger. The dye liquor is heated from
30 to 90 °C. The liquor ratio is 1:6. how may kCal of heat is required for
heating the liquor. Specific heat of dye liquor is 1 kCal/kg °C.

S-6

‘ By which process the tensile strength of cotton fabric is increased

S-7

‘ List two advantages of using thermic fluid over steam

S-8

A textile industry operates two shifts a day. Though no production takes
place during night shift, the thermic fluid pump is in operation to keep
the thermic fluid in circulation. What energy saving option will you
suggest as an energy auditor?

S-9

In a jet dyeing machine the condensate is discharged bypassing the trap.
List two impact of this operation.

S-10

The dry bulb and wet bulb temperatures of air entering an air washer are
35 and 28 C respectively. If the saturation efficiency is 90 %, calculate
the air temperature leaving the air washer.

100 m” of hot dye liquor is discharged at 90 "C from the textile plant
every day. How much kg of hot water can be obtained at 60 °C through
waste heat recovery from dye liquor? The other data are as follows

Specific heat of water and dye liquor : 1 kCal/kg °C
Raw water temperature : 30 °C

Desirable dye liquor discharge temperature : 40 °C.
Density of dye liquor : 1000 g/lit

L-2

A textile industry consumes 3000 Tonnes of fire wood for its boilers and
thermic fluid heaters and 12. 46 lac kWh per annum. Determine if this
industry will be a designated consumer under the EC Act.
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15. Energy Performance Assesment of Textile Industry

N-1 The following are the data collected for a thermic fluid heater using oil
as the fuel. Find out the thermic fluid heater efficiency by indirect
method. Assume heat loss due to radiation and convection as 1.5%

Fuel Analysis:
Carbon 84 %
Hydrogen 120 %
Nitrogen 0.5 %
Oxygen 1.5 %
Sulphur 1.5 %
Moisture 0.5 %
GCV 10700 kCal/kg
Ambient air properties
DBT 272 °C
WBT 20.0 °C
Abs. Humidity 0.012 kg /kgdry air
Thermic Fluid
Temperature return 220 °C
Temperature Out 232 °C
Flue Gas:
Oxygen (Furnace Out) 47 %
Carbon dioxide (Furnace Out) 122 %
Carbon monoxide 54 ppm
Temp. (Furnace Out) 325 °C
REFERENCES
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