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ABSTRACT

The largest share of greenhouse gases in the world is related to the use of fossil fuels in power plants for
electricity generate. Production and emissions of greenhouse gas are more important for the drying process that
has high specific energy consumption (SEC). In this study, modeling and optimization of SEC and greenhouse
gas emissions including CO2 and NOXx during the process of blackberry drying under infrared-hot air combined
dryer (at three inlet air temperature levels 50, 60 and 70 ° C) with different pretreatments including of
microwave (90, 180 and 360 w), blanching (70, 80 and 90 ° C) and ultrasond (15, 30 and 45 min) were evaluated
by response surface methodology. The drying energy was provided by various steam turbines, gas turbines and
combined plants using natural gas, heavy oil and gas oil as fuel. The results showed that by increasing the
microwave power and ultrosond time decreased quadraticly the amount of SEC (from 185.55 to 55.53 kWh/kg).
However, this value decreased linearly (from 208.08 to 88.56 kWh/kg) with increasing blanching temperature.
Emissions amount for all greenhouse gas decreased quadraticly (from 194460.67 to 24987.97g for CO2 and
from 1074.36 to 106.06 g for NOXx) with increasing microwave power, ultrosound time and hot air tepmerature
for all turbines with different fuels. However, this amount decreased linearly with increasing blanching
temperature (from 218063.85 to 39985.54g for CO2 and from 1204.76 to 169.72 g for NOx). Based on
modeling using RSM, optimum conditions for the minimum SEC were determined to be microwave power of
349.7 W and inlet air temperature of 69.8 °C for microwave pretreatment, ultrasound time of 45 min and inlet
air temperature of 70 °C for ultrasound pretreatment, blanching temperature of 90 °C and inlet air temperature
of 70 °C for blanching pretreatment with disierability mean of 99.8%.
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Wgliio s g jl colaiwl b Cilizko olSg s 51 (gadgi COz Hlado Lo Gy 969959 I92 Glod ilizko rolaw 1 o3l F Jaus

(CO) (S S 4y 539)9 I3 sLos B 9 (W) 5295, plo5 A) 599,50k Jlas i

Fuel Type (9) Equation R? AdjR?  Pred R?
Combine cycle- Natural Gas  CO2 1.227E5-408.58xA-634.155xB+0.714xA? 0.9672 0.9475 0.8739
Combine cycle- Gas Oil CO2 1.697E5-564.76xA-876.54xB++0.987xA? 0.9672 0.9475 0.8739
Gas Turbine- Gas Oil CO2 2.86E5-951.556x%A-1476.87xB+1.66287xA?  0.9602 0.9364 08757
Gas Turbine- Natural Gas CO2 2.13E5-710.03%A-1102.02xB+1.24xA? 0.9672 0.9475 0.8739
Steam Power- Heavy Oil CO2  2.79E5- -930.67xA-1444.47xB++1.62xA? 0.9672  0.9475  0.8739
Steam Power- Natural Gas CO2 1.73E5-577.469xA-896.27xB+1.00915xA?  0.9672  0.9475  0.8739
(CC) (S S5 & 5355 l9—2 sloes B 5 (MIN) Dol 3 Lo i Gloj A) D908 sl ooy
Fuel Type Q) Equation R? AdjR?>  Pred R?
Combine cycle- Natural Gas CO2 1.84E5-1740.12xA-1861.88xB-20.60xA%+31.32xAxB 0.9962 0.9924  0.9811
Combine cycle- Gas Oil CO2 2.54E5-2405.24xA-2573.54xB-28.47xA%+43.30xAxB 0.9982  0.9972  0.9934
Gas Turbine- Gas Oil COo2 4.28E5-4052.55xA-4336.13xB-47.97xA%+72.96xAxB  0.9962  0.9924  0.9811
Gas Turbine- Natural Gas CO2  3.19E5-3023.95xA-3235.55xB-35.799xA%+54.44x AxB 0.9962  0.9924  0.9811
Steam Power- Heavy Oil CO2 5.44E5-13808.93xA-4117.53xB+245.06xA? 0.9962  0.9924  0.9811
Steam Power- Natural Gas CO2 2.598E5-2459.37xA-2631.469xB +44.276xAxB-29.11xA?  0.9962 0.9924 0.9811
(CC) (St 4 5995 I3 slsd B 5 CC) Samdly jlosi iy slos A) Sizidly o i
Fuel Type (9) Equation R? AdjR?  Pred R?
Combine cycle- Natural Gas CO2 3.57E5-2835.57xA-2728.82xB+20.437xAxB 0.9982  0.9972  0.9934
Combine cycle- Gas Oil CO2 4.93E5-3919.39xA-3771.84xB+28.25xAxB 0.9982  0.9972  0.9934
Gas Turbine- Gas Oil COo2 8.31E5-6603.74xA-6355.13xB+47.596xAxB  0.9982  0.9972  0.9934
Gas Turbine- Natural Gas CO2 6.20E5-4927.597xA-4742.09xB+35.51xAxB 0.9982 0.9972 0.9934
Steam Power- Heavy Oil CO2 8.13E5-6458.80xA-6215.65xB+46.55xAxB  0.9982  0.9972  0.9934
Steam Power- Natural Gas COo2 5.04E+5-4007.61xA-3856.74xB+28.88xAxB  0.9982  0.9972  0.9934

.(Tabatabaei, 2017
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Slyesd Hlade (2508 5 VW 299,00 (g5 5 01 °C leo
CS g b Gas Turbine o8s,s ;0 V+#/+# g l5e 4 NOX
LY W 595, S5be g5 9 Ve °C (slos ,o Natural Gas g
il 2 YL ga99,50ke ls il e 4 Wil oo ol el s
A aelgt i xS w4 i o) a5 wib Jeae sles
Bpas 4ol g oo Sis ley mels el pinn p5s
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(CO) (S Sas 4 68955 ls—n sLod B 5 (W) 599,00 (s :A) 939950 Lo sloud iy

Fuel Type (9) Equation R? Adj R? I;rzed
Combine cycle- Natural Gas  NOy 804.62831-2.679xA-4.157xB+4.68xA? 0.9672 0.9475 0.8739
Combine cycle- Gas Qil NOx 1031.02-3.43xA-5.33xB+5.997xA? 0.9672 0.9475 0.8739
Gas Turbine- Gas Oil NOyx 1579.25-5.257xA-8.159xB+9.187E-3xA? 0.9672 0.9475 0.8739
Gas Turbine- Natural Gas NOx 520.96-1.734xA-2.69xB+3.03E-3xA? 0.9672 0.9475 0.8739
Steam Power- Heavy Oil NOx 687.34-2.288xA-3.55xB+3.999E-3xA? 0.9672 0.9475 0.8739
Steam Power- Natural Gas NOx 807.36-2.688xA-4.18xB+4.69E-3xA? 0.9672 0.9475 0.8739
(CO) (S SUS 4 (5999 l9—b SL—o3 B 3 (MIN) Lg0l )8 jlori ey (o) 1A) gl b slond Gl

Fuel Type (9) Equation R? Adj R? I;rzed

. 1205.05-11.41xA-12.21xB-
Combine cycle- Natural Gas NOXx 0.135% A240.205X AxB 0.9962 0.9924 0.9811
. . 1544.099-14.617xA-15.64xB-
Combine cycle- Gas Qil NOXx 0.173xA240.263% AXB 0.9962 0.9924 0.9811
. . 2365.17-22.39xA-23.956%B-
Gas Turbine- Gas Oil NOx 0.26506x A240 403X AXB 0.9962 0.9924 0.9811
. 780.21-7.385%A-7.90%B-
Gas Turbine- Natural Gas NOx 0.0871xA240. 132X AXB 0.9962 0.9924 0.9811
. 1029.399-10.43xA-10.12xB-
Steam Power- Heavy Oil NOXx 0. 115%A2+0.175% AxB 0.9962 0.9924 0.9811
1209.14-11.45%A-12.247%B-

Steam Power- Natural Gas NOXx 0.13551xA%+0.206 X AXB 0.9962 0.9924 0.9811
(CO) (SSas 4 53959 l9—2 Lo B 5 CC) Szl jlos i slod 1A) Szl jlond iy

Fuel Type (9) Equation R? Adj R? I;rzed
Combine cycle- Natural Gas NOX 2339.28-18.589xA-17.889xB+0.134xAxB 0.9982 0.9972 0.9934
Combine cycle- Gas Oil NOx 2997.45-23.819xA-22.92xB+0.1716x AxB 0.9982 0.9972 0.9934
Gas Turbine- Gas Oil NOXx 4591.33-36.48xA-35.11xB+0.26296x AxB  0.9982 0.9972 0.9934
Gas Turbine- Natural Gas NOx 1514.58-12.035xA-11.58xB+0.0867xAxB 0.9982 0.9972 0.9934
Steam Power- Heavy Oil NOx 1998.3-15.879xA-15.28xB+0.1145xAxB  0.9982 0.9972 0.9934
Steam Power- Natural Gas NOx 2347.2-18.65xA-17.949xB+0.134xAxB  0.9982 0.9972 0.9934
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