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Cost Modeling and Benefit Analysis of Mango Heat Pump Drying Life Cycle
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ABSTRACT: The work aims to compare the cost benefits of heat pump drying process and traditional fossil energy hot
air drying process of mango preserves, so as to provide scientific guidance for the production of enterprises. Based on the
drying dynamics model of mango preserves, a life cycle cost and benefit analysis model was established for the drying
process of mango preserves. The correctness of the model was verified by the experimental data of mango heat pump
drying. The model was used to predict and analyze the heat pump drying plant of mango preserves, and the energy con-
sumption and cost benefits of heat pump drying and traditional hot air drying were compared. The results indicated that
under the condition of heat pump drying, mangoes with different heights were heated evenly, and the drying temperature
could be precisely controlled. At the same time, compared with coal-fired boiler heating and drying, the heat pump drying
could reduce the production cost by 17.1%, which was conducive to reducing the economic burden of enterprises. Com-
pared with those of traditional boiler heating and drying method, the energy consumption of heat pump drying was re-
duced by 30.17%, and the carbon dioxide emission was reduced by 32%, which was in line with the development strategy

of energy saving and emission reduction in China. This proves the superiority of heat pump technology in drying of man-
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go preserves. The model method can also be applied to the production of longan, litchi and other similar agricultural and

sideline products, and provide guidance for the production cost control of preserved and dried fruit production enterprises.

KEY WORDS: mango preserves; life cycle; heat pump drying; benefit analysis
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Fig.1 Boundary of heat pump drying system for mango preserves
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Fig.3 Comparison between theoretical value and
experimental value of moisture content in
dried mango under experimental conditions
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pump drying of Fruit * Garden Company %

Btk U5 TR JERE R AT R L9 BB HAl (g B )
Rexpd (FT) R 65.00 19.00 5.50 4.50 4.00 2.00
A A TR T 63.71 21.93 0.00 8.94 3.91 1.51

2021, 42(12): 3678-3684.
3 .Q_EIE ZHANG Ming-jie, ZHANG Ya-jie, ZHANG Jing-hong,

Bifi 5 ity FLUSAR B T, R TR ARk TR AT
) & et s SO LIPS SRR kL, 7R AR
T8 Bl AR R SRR b S T PR TR T R A e
W NS € s yin B I L0 0D B L o 6
PEIRAE , IR FIZAS RN 1 R I P kA7 1
WA, A T IGE TR 5L ST IR RERE . Ak
AR, BREUFLEL,

1) EMETEAGT, AE&EEZRHTRT R
T BE RN B K AR R, SR 2 305, LS
WEF I SRR L, AR TR0 R — 2 X S 4
T LAk

2) AHETHRBEER oM, RAAGE T
PIBEAR 17.1%M A= 7= LA, A3 R 08042 £l 26 55 B
A, dE— AR E AR AT K R

3) BT BRI I B 2R T, SRR
TGP RERE FRE T 30.17%, BBl i
DT 32%, FEAIRET RERHE R RIS, AR &
R

4 ) AT HAgA b 3 R AR b ZE IR AT
HE R IR TR P R A, AT R 2
TRk s MIREE R3S - Bl B B/ NS I i Ik i R i iz 4
ek, PRI BRAHES 12 A AT 3 o8k B AR )
SCEL, MR T Zoni i AP S, ARk TR AR &
JRE ) F2 3007 ]

S 3k

(11 XUfe, 250, RIEA, 5. 2206 B IR
GRS [I]. B TalkBH, 2021, 42(22): 413-422.
LIU Cai-hua, LI Xi, ZHU Zheng-jie, et al. Progress of
Non-Destructive Testing Technology in Mango Quali-
ty[J]. Science and Technology of Food Industry, 2021,
42(22): 413-422.

[2] LE T, NGUYEN T, MUOI N, et al. Recent Progress in
Omics and Biotechnological Approaches for Improved
Mango Cultivars in Pakistan[J]. Frontiers in Sustainable
Food Systems, 2022, 69(6): 2047-2065.

[3] SKUIME, SRR, sKater, 45 BT GIS Myilm St
SRS I R R 20 Ak X R SR (D). BT AR A

et al. Fine Regionalization of Hainan Island Mango
Climate Suitability Based on GIS[J]. Chinese Journal of
Tropical Crops, 2021, 42(12): 3678-3684.

[4] DR, WA PR B AR 2 SR DR 6 e Y
W], A2 TR, 2020, 41(11): 64-71.

WEI Sai-chao, XIE Jing. Advances in Application of
Four Coating Materials in Storage and Preservation of
MangolJ]. Packaging Engineering, 2020, 41(11): 64-71.

[5] XWiFde, EAERS, M, % DREFARRTERIN

TS TR T AR ], R R A AR, 2022,
37(10): 106-115.
LIU Hai-bo, WANG Jia-qian, LI Yao, et al. Study on
Drying Kinetics of Potato Chips by Heat Pumpand Op-
timization of Drying Process[J]. Journal of the Chinese
Cereals and Oils Association, 2022, 37(10): 106-115.

(6] 2=, 24, BUE, . P TIREORTEMR AT 6E

TRAE R A (D], MR ELA#EL, 2018, 47(6): 11-14.
LI Bo, LI Wei-zhao, WEI Juan, et al. Heat Pump Drying
Technology Brings the Green Development in Energy
Saving and Emission Reduction of Grain Depots[J].
Grain Storage, 2018, 47(6): 11-14.

(7] EARE, BRik, 2445, 5. e XA SR Bl 20

FH Ko zs SRR HE T TR SE[I]. MBI T, 2021,
46(5): 9-14.
WANG Bao-fa, CHEN lJie, LI Xing-shu, et al. Design of
Waste Heat Recovery and Utilization System of Air
Compressor in Milling Process[J]. Grain Processing,
2021, 46(5): 9-14.

(8] Erfh, JHEZ, M, & KT MPEMT B R

Gt 5 &5 ss ], A TR, 2018, 37(25):
125-127.
WANG Zhong-wei, YIN Zhi-hong, NIU Xian-wei, et al.
Agricultural Product Heat Pump Drying Room System
Design and Economic Benefit Analysis[J]. Value Engi-
neering, 2018, 37(25): 125-127.

[91 CELIK E, PARLAK N, CAY Y. Experimental and Nu-
merical Study on Drying Behavior of CORN Grain[J].
Heat and Mass Transfer, 2020, 57: 321-332.

[10] MEAS P, PATERSON A H J, CLELAND D J, et al. A



Fast HF 11l

/NI, A PR RIR AR i R A A S g AT 115 -

[11]

[14]

Mathematical Model of Solar Drying of Rice[J]. Inter-
national Journal of Food Engineering, 2012, 8(3): 1-35.
FERNANDO W J N, AHMAD A L, OTHMAN M R.
Convective Drying Rates of Thermally Blanched Slices
of Potato (Solamum Tuberosum): Parameters for the Es-
timation of Drying Rates[J].
Processing, 2011, 89(4): 514-519.

VILLA-CORRALES L, FLORES-PRIETO J ],
XAMAN-VILLASENOR 7T P, et al. Numerical and Ex-

perimental Analysis of Heat and Moisture Transfer dur-

Food and Bioproducts

ing Drying of Ataulfo Mango[J]. Journal of Food Engi-
neering, 2010, 98(2): 198-206.

DIOP A, MEOT I M, LECHAUDEL M, et al. Impact of
Special Drying Schemes on Color Stability of Mangoes
with Different Maturity Degrees[J]. Foods, 2022, 11(5):
656.

WANG Wei, LI Ming, HASSANIEN R H E, et al.

[15]

[16]

[17]

Thermal Performance of Indirect Forced Convection
Solar Dryer and Kinetics Analysis of Mango[J]. Applied
Thermal Engineering, 2018, 134: 310-321.

KA. JET MATLAB (49 Tt ad RE AU S 0L S KL
FAWIT[D]. KFF: HHOK, 2014: 35-40.

SONG Jia. Numerical Simulation and Digital Design of
Grain Drying Process Based on MATLAB[D]. Chang-
chun: Jilin University, 2014: 35-40.

ROGER YANNICK E, FOKONE ABRAHAM T,
MARCEL E, et al. Experimental Study of the Drying
Kinetics of Mango (Mangifera Indica L) during Airflow
Drying Licking Countercurrent[J]. American Journal of
Food Science and Technology, 2019, 7(4): 127-132.

DE SOUZA S J F, ALVES A I, VIEIRA E N R, et al.
Study of Thermodynamic Water Properties and Moisture
Sorption Hysteresis of Mango Skin[J]. Food Science
and Technology (Campinas), 2015, 35(1): 157-166.

ST



