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Abstract

In this study, the potential for waste heat recovery in Received: 16 January 2025
the 2600-ton-per-day rotary kiln system of Khash Cement Plant was Accepted: 28 July 2025
investigated. A comprehensive mass and energy balance was conducted Page Number: 29-40

using operational data. Results indicate that around 40% of the input
energy is lost through heat dissipation. The main sources of energy loss
are: preheater exhaust gases (28.8%), hot air discharged from the grate
cooler (3.6%), and radiation and convection losses from the kiln surface
(5%). Two recovery strategies were evaluated: (1) utilizing preheater and
cooler exhaust gases through a Waste Heat Recovery System (WHRS) to
generate electricity, and (2) recovering heat from the kiln surface using
a heat exchanger. Implementing these solutions could increase
the thermal efficiency of the system from 50.6% to 67.5%, contributing
significantly to energy conservation, operational cost reduction, and
environmental sustainability.
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Table 1. Composition of kiln feed, clinker and fuel oil.

Component IUPAC nomenclature
SiO, Silicon dioxide
Al,O; Aluminum oxide
Fe,0O3 Iron (I11) oxide
CaO Calcium oxide
MgO Magnesium oxide
SO; Sulfur trioxide
K0 Potassium oxide

Na,O Sodium oxide
L.O. Ignition loss
Cl Chlorine
Cc Carbon
H, Dihydrogen
S Sulfur

Kiln Feed (7.) Clinker (/) Mazut (/)
13.87 22.15 =
3.68 5.32 =
2.60 3.80 =
41.98 64.56 =
1.52 2.10 =
0.44 0.72 =
0.53 0.70 =
0.49 0.68 =
34.68 0.05 =
0.029 0.008 =

= = 85.8
= = 11.6
= = 2.6
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Table 2. Summary of calculations related to the mass balance on the kiln based on one kilogram of clinker.

Output
Kiln Feed

Dry incoming air =

Fuel -
Production clinker 1.00
Exhaust gases 3.40
Dust from preheater 0.13
Water vapor and carbon dioxide 0.60
Total 5.13

Material fl
aterial flow kg/kg Clinker kg/hr kg/kg Clinker kg/hr

1.73 180000
- 3.34 347620
- 0.081 8428
104046 - -
353850 - -
13442 - -
62428 - -
5.15
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Table 3. Equations used in energy balance.

Input energy Equations used DATA
. m. =0.081 kg/kcal clinker
Complete combustion of fuel (Mazut) Q=mXxCy
ki/kg = 41217 CV
ms =180 ton/hr
Thermal energy of input feed Q=msxCpsx (T-Ty) Cpf = 0.912 kJ/ kg'C
T=50TC,Ti=25C
m =163.8 ton/hr
Sensible thermal energy of the air
= - Cp=1.305kJ/ kg
accompanying the Kiln feed Q=mxCpx (T-Tr) P J
T=50T,Tf=25C
Output energy
Q = (32 Ca0 + 27.1MgO0 — 21.4Si0,
Thermal energy of clinker formation — 2.5Fe,04 . .
[10] +17.241,0,) Available in Table 1
* rhclinker
m =104.046 ton/hr
Sensitive thermal energy of clinker Q=mxCpx (T-Ty) Cp=0.778 ki kg C
T=180 TC,Ti=25C
=561K,A=87041 ,h = 6.35%,[3
Heat loss from the rf)tary kiln body Q= hA(TT) 000231
(convection) =—% ,D =4.2m,
=298 K,=746.14
Heat loss from the -rotary kiln body Q= ceA(TE-TH) G =567 x10° Wm?K? . £ -0.78
(radiation)
m = 254.2 ton/hr
Sensitive thermal energy of the gases
= T-T Cp=13kJ kgT
exiting the preheater Q=mxCpx (T-T) 2 2
T=33T,Ti=25TC
m = 13442 ton/hr
Sensitive thermal energy of the dust
=mxCpx (T-T Cp=0.912 ki/ kgTC
returned from the preheater Q=mxCpx (T-Tr) k J
T=33T,Ti=25C
m = 99.65 ton/hr
Sensitive t'h.ermal energy of the hot air G=mXCPXII=T) Cp-1.021 kI kg T
exiting the grate cooler
T=150 C,Ti=25TC
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Figure 1. Intended control volume.
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Table 4. Summary of energy balance results.

Input energy kW
Thermal energy from complete combustion of fuel 96259
Thermal energy of input feed 1140

Sensitive thermal energy of air accompanying the kiln feed 1485

Sensitive thermal energy of input air 0

Total 9884

Output energy kw
Thermal energy of clinker formation 50029

Sensitive thermal energy of clinker 1349

Heat loss from the rotary kiln body (radiation and convection) 4963
Sensitive thermal energy of exhaust gases from the preheater 28456
Sensitive thermal energy of dust returned from the preheater 1056
Sensitive thermal energy of hot air exiting the grate cooler 3533
Uncalculated losses 9498
Total 98884

OIESE
1.15
1.50

100
%
50.6
14
5.0
28.8
11
3.6
9.7
100

® Clinker thermal energy 1.10%
. o0

m Energy of exhaust gases from
preheater

m Uncalculated losses

m Loss from the Kiln body

m Hot air energy exiting
the grate cooler

m Sensible thermal energy of
clinker

Dust energy returned from preheater

29 sLaii A o yala Hlages Y s

Figure 2. Pie chart of output energies.
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Table 5. Physical properties of water at 295 °K [23].

ux 107 (V-/, )

vx 106 (M%/g) Kx10* (W/ o

295 4.181 959

1.002 606 6.62
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Table 6. Hot and cold fluid inlet and outlet temperatures.

Fluid type

Converter outlet temperature

Inlet temperature to the converter

Hot fluid (air)
Cold fluid (water)

(degrees Celsius)
150
130

(degrees Celsius)
265
22
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