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Abstract: A novel tobacco-curing system with a solar-assisted
heat pump was proposed. The proposed system has various
advantages,
pollutant emissions and enhancing the stability of system
operation. The thermal characteristics of the system under
different climate conditions were analyzed, and the economic
of different tobacco-curing
technologies were compared. Results indicated that the
dehydration rate, the mass flux of exhaust air, and the heat
load of the novel tobacco-curing system in different months
had similar changes with the baking time, and all reached the
maximum in the later stage of color fixing. Compared with the
power saving rate of a heat pump tobacco-curing system, that
of the novel system reached 25. 9% -35. 1% . The dry leaf
curing cost of the novel system was only 0. 86-1. 06 yuan/kg,
which can reduce the cost by more than 60% compared with
traditional coal-burning tobacco-curing systems in China.
Compared with other parts of the tobacco leaf, the top leaf had
the lowest dry leaf curing cost due to its highest mass of dry
leaf. The payback period and the annual CO, emission
reduction of the novel system were 3.0-3.7 a and 15 586 kg,
respectively.
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such as reducing energy consumption and

and environmental benefits

obacco is a special agricultural product, and China’s
T tobacco planting area and output rank first in the
world'"™' . Baking is an important part of the tobacco pro-
duction process, involving complex heat and mass trans-
fer, which is also a high energy consumption process"”’.
China’s drying field emits 260 million tons of CO, and
7.8 million tons of SO, each year from coal burning, re-
sulting in serious environmental pollution'*. Given the
rich coal resources in China, coal-burning tobacco-curing
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systems are widely used with low efficiency of heat utili-
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. The annual increase in coal prices also leads to
an increase in tobacco-curing costs.

The importance of tobacco-curing systems not only lies
in its great influence on product quality but also on energy
consumption and the environment'” . Heat pump technol-
ogy has been widely used in many fields due to its advan-
tages of energy saving, high efficiency, reliable opera-
tion, and environment friendliness'”’. In recent years, the
application of air source heat pumps for tobacco curing
has developed rapidly'™™”. Lii et al. " reported that heat
pump tobacco-curing systems could save 0. 85 yuan com-
pared with coal-burning tobacco-curing systems when
producing per kg dry leaf. However, the decrease in am-
bient temperature reduces the coefficient of performance
(COP) of air source heat pumps''". In addition, heat
pump tobacco-curing systems often need auxiliary electric
heating to meet the high heat load of tobacco-curing, thus
increasing the energy consumption of the system'"”

The utilization of solar energy provides a solution for
energy conservation and CO, emission reduction in indus-
trial and commercial thermal energy production'”. At
present, solar energy has a widespread application in the
drying of agricultural and marine products, such as cof-
fee, peas, tea, medicinal herbs, and fish™™'. Howev-
er, open sun drying requires a long drying cycle, and the
product is easily contaminated'*"".
energy is highly dependent on climatic conditions and has
large randomness and fluctuation'* ™.

In addition, solar

Solar-assisted heat pump tobacco-curing systems can
relieve the burden of independent heat supply by the heat
pump and reduce energy consumption””.
the flexibility and stability of the system can be en-
hanced. Peng et al.™' found that solar-assisted heat
pump tobacco-curing systems could save energy consump-
tion by 24.3% compared with heat pump tobacco-curing
systems. Xu et al.
consumption of solar-assisted heat pump barns is the low-
est compared with other tobacco-curing barns. Neverthe-
less, the solar baking mode of these systems cannot oper-
ate at night or in rainy weather. Moreover, the COP of
the heat pump is still highly affected by environmental

In addition,

also found that the cost of energy

conditions.
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Here, a novel tobacco-curing system with a solar-assis-
ted heat pump was proposed and investigated. The system
can switch to different operation modes according to envi-
ronmental conditions. It is also equipped with a heat stor-
age water tank for continuous operation in rainy weather
or at night to achieve the maximum utilization of solar en-
ergy. The thermal characteristics and the economic and
environmental benefits of the system were analyzed,
thereby providing an important reference for engineering
applications.

1 Methodology
1.1 Tobacco-curing process

To ensure the quality of tobacco leaves, a three-stage
tobacco-curing process with low temperature and slow
yellowing as the core is generally adopted (i.e., yello-

wing stage, color stem drying
stage) '*!. This three-stage tobacco-curing process can be
further subdivided into seven stages, namely, forced
draught (Y1), the middle stage of yellowing (Y2), later
stage of yellowing ( Y3),
(F1), later stage of color fixing (F2), early stage of
stem drying (S1), and later stage of stem drying (S2),
as shown in Tab. 1. The total baking time is equal to the
sum of the heating-up time and holding time.

The meteorological parameters of different tobacco-cu-

fixing stage, and

early stage of color fixing

ring months in Kunming, Yunnan were selected as the
basis for the system design calculation™'. Yunyan 97 was
chosen for calculation, and the mass of fresh leaf before
baking is 3 000 kg. The initial water content of the top,
middle, and bottom leaves are 82% , 84% , and 86%,
respectively, and the final water content is 6.5% .

Tab.1 Operating conditions of tobacco baking

Baking stage T,/C T,/ C Heating-up Holding time/h
time/h The bottom leaf The middle leaf The top leaf

Y1 36 36 6 8 8 8
Y2 38 37 6 12 20 28
Y3 42 38 12 28 44 60
F1 48 38 16 16 16 16
F2 54 39 10 8 8 8
S1 60 40 5 5 5 5
S2 68 42 7 7 7 7

The total baking time/h 146 170 194

Notes: Ty, is the dry-bulb temperature; 7, is the wet-bulb temperature.

1.2 System description

The novel tobacco-curing system is composed of a solar
heating system, a heat pump system, a heat storage sys-
tem, a defrosting system, and a control system, as shown
in Fig. 1. The system uses solar energy and a heat pump
as dual heat sources. In addition, a heat storage water tank
serves as an auxiliary heat source for solar heat collection
to realize tobacco-curing under different climate conditions
and to ensure the quality of the tobacco. To improve the
efficiency of heat utilization, an energy recovery ventilator
is installed at the exit of the barn to recover heat from the
exhaust and reduce heat loss. The hot and humid air after
the heat exchange is discharged to the evaporator, which
also helps improve the COP of the heat pump.

The heat storage system has two functions. On the one
hand, it can adjust solar heat input at different times to
enhance the flexibility of system operation. On the other
hand, the heat storage water tank can defrost the evapora-
tor through the second heat exchanger under the condition
of low ambient temperature. This setup broadens the op-
erating conditions of the air source heat pump and main-
tains a high COP. The heat pump system uses R134a as
the refrigerant due to its high critical temperature and low
boiling point.
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1—Barn; 2—Heating chamber; 3—Baking chamber; 4, 5—Air dis-
tributor; 6, 7—Temperature and humidity sensor; 8, 9—Frequency
10—Grill; 12—
Partition; 13—First heat exchanger; 14—Second heat exchanger;

conversion fan; 11—Energy recovery ventilator;

15—Condenser; 16—Expansion valve; 17—Evaporator; 18—Invert-
er compressor; 19—First circulating pump; 20—Second circulating
pump; 21—First electromagnetic valve; 22—Second electromagnetic
valve; 23, 24—Temperature sensor; 25—Heat storage water tank;
26—First three-way valve; 27—Second three-way valve; 28—Solar
collector; 29—Controller

Fig.1 Schematic of the novel tobacco-curing system with a
solar-assisted heat pump

A schematic of the novel tobacco-curing system with a
solar-assisted heat pump is shown in Fig.2. Sunlight and
(or) electricity are the energy input of the system. The
control system can switch between different operating
modes according to the difference in solar radiation and
water temperature.
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Fig. 2  Schematic of the novel tobacco-curing system with a
solar-assisted heat pump

The system can realize three operating modes, namely,
solar baking mode (SD), solar-assisted heat pump baking

mode (SHPD), and heat pump baking mode (HPD), as
shown in Tab.2. For nighttime and rainy days, solar ra-
diation is small, and the novel tobacco-curing system op-
erates at HPD. When the surface temperature of the evap-
orator is less than 5 C, the defrosting system is turned
on. At this point, the first and second electromagnetic
valves are opened. Driven by the first circulating pump,
the hot water in the heat storage water tank flows into the
second heat exchanger to realize the hot water-air heat ex-
change, thereby heating the cold air around the evapora-
tor. The heated air then exchanges heat with the surface
of the evaporator to defrost. The defrosting method is sim-
ple and does not affect the normal operation of the heat
pump, thus ensuring the good quality of the tobacco.

1.3 Thermal calculation method

The operating parameters of the system were calculated
in accordance with the energy balance and mass balance.
Furthermore, to ensure the pressure balance of the sys-
tem, the mass flux of exhaust air is equal to the mass flux

Tab.2 Operation mode of the novel tobacco-curing system

Operation mode Control logic

Control methods

Only baking I =1,

SD I,=1, and T, -T, =15 C;
Baki heat
aking +hea When T, - T, =15 C, end

Open channel a, c of the first and second three-way valve, start the second
circulating pump

Open channel a, b, c of the first and second three-way valve, start the second
circulating pump. When the heat storage is over, close channel b of the first

storage
the heat storage and second three-way valve
Open channel a, c¢ of the first and second three-way valve, start the second
SHPD Lo <I <l pen & Y
circulating pump, and start the heat pump
Water tank Open channel b, ¢ of the first and second three-way valve, start the second

I,<I,andT,-Ty=5TC

assisted baking ne
HPD )
Without water

) I,<I,and T, -T,<5TC
tank assistance

circulating pump, and start the heat pump

Start the heat pump

Notes: I, is the average daily solar irradiation, kJ/m?; I, is the minimum radiation required for solar baking independently, kJ/m?; I, is the mini-

mum radiation required for the combined operation of the solar and heat pumps, kJ/m?; T, is the water temperature of the solar collector, C; T, is

the water temperature of the heat storage water tank, C; T, is the baking temperature, C.

of fresh air, and the exhaust air temperature is assumed to
be equal to the baking temperature. The mass flux of ex-
haust air is expressed as

. c
M= (1)
where c is the dehydration rate, kg/h; d, and d, are the
humidity ratio of preheated fresh air and exhaust air, re-
spectively, kg/kg(a).

The required sensible heat during the curing process is
given by

Q.=mc(T;-T) (2)

where m, is the total mass of the tobacco leaf, kg; c, is
the specific heat of the tobacco leaf, kJ/(kg + K) ; 7, and
T, are the initial and the final temperature of the tobacco
leaf, respectively, C.

The required latent heat of vaporization during the cu-

ring process is given by
Q,=m,y (3)

where m, is the lost water mass, kg; vy is the average re-
quired heat to vaporize per kg of water, 2 500 kJ/kg for
the yellowing stage, 2 600 kJ/kg for the color fixing
stage, and 2 800 kJ/kg for the stem drying stage'".

Heat loss during the curing process is given by >’
0, =(0.+0,)s (4)

where s is the heat loss rate, % . To simplify the calcula-
tion, s is set as 10% L

The total required heat during the curing process is ex-
pressed as

0.=0.+0,+0 (5)

The solar heat collection of the solar collector ( The
heat storage of the water tank is also part of the heat col-
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lection of the solar collector. To simplify the calculation,
the heat storage is no longer considered separately. ) is
given by "’

0, =1An,n. (6)

where A is the solar collector area, taking 40 m’; 7, is
the collector efficiency, taking 50% ; 7, is the heating ef-
ficiency of hot water, taking 65% .

The heat provided by the heat pump is given by >’

Ow = J-lmacca(Tci -T,)dt (7)

where m,, is the total mass flux of air, kg/h; c, is the
specific heat of air, taking 1.01 kJ/(kg - K); T, and T,
are the inlet and outlet air temperatures of the condenser,
respectively, C.

The minimum radiation required for independent solar
baking is expressed as

_ Q[ - QHE

= (8)
A,

ms
where Q,. is the heat recovered by the energy recovery
ventilator, kJ.

The minimum radiation required for the combined op-
eration of the solar and heat pumps (i.e. , the minimum
irradiation required for the circulating water to achieve a
certain temperature rise) is expressed as

gty e, AT

cw “ch

A, 9)

where m_ is the mass flux of circulating water, kg/h; 7,
is the total running time of the collector and the heat stor-
age water tank, h; c is the specific heat of water, taking
4.18 kJ/ (kg - K) ; AT is the temperature rise of circulat-
ing water, C.

1.4 Economic analysis of the system

The initial investment of the tobacco-curing system is
expressed as

M=M,+M, +M, +M, (10)

where M, M;, M,, and M are original equipment cost,

equipment installation cost, building material cost, and

power distribution and control cost, respectively, yuan.
The COP of the heat pump is expressed as

CoP d
- ncncomncxnsys Tk _ To

(11)
where T, is the condensation temperature, K; T, is the
evaporation temperature, K; 7., Nn, 7., and 7, are
the motor efficiency, compressor efficiency, heat ex-
changer efficiency, and system efficiency, respectively,
% .

The power consumption of the novel tobacco-curing

system is expressed as

W=f(2PF+PP+PHP)dt (12)
0
where ¢, is the running time of one baking cycle, s; P,
P,, and P, are the power of the fan, water pump, and
heat pump, respectively, kW.

The total curing cost of the tobacco-curing system is
expressed as

(13)

and R, are the cost of coal consumption,

R=R . +R, +R,

where R, R,
operating equipment, and labor, respectively, yuan.

The payback period of the tobacco-curing system com-
pared with the coal-burning tobacco-curing system is giv-
en by’

4 _Am

AR (14)

1.5 Environmental benefit analysis

The CO,, SO,, and dust emission reduction of the to-

bacco-curing system compared with the coal-burning to-
bacco-curing system are defined by

S, =18,

er j

(15)

where S, is the standard coal saving of the system, kg.
For CO,, SO,, and dust, i is 2.493, 0.22, and 0. 01,
respectively.

2 Results and Discussion
2.1 Tobacco-curing characteristic analysis

Fig. 3 shows the temperature of preheated fresh air and
exhaust air in the tobacco-curing barn in different baking
stages. The fresh air and the exhaust air exchange heat
through the energy recovery ventilator, thereby increasing
the temperature of preheated fresh air. With the increase
in exhaust air temperature, the temperature of preheated
fresh air in different months all showed an upward trend.

70 -
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o —v—Oct.
3 —e— Exhaust air
250F
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5
=40
30+
1 1 1 1 1 1 ]

Yl Y2 Y3 Fl F2 S1  S2
Baking stage

Fig.3 Temperature of preheated fresh air in different months
and the temperature of exhaust air
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In addition, the temperature of preheated fresh air in each
stage was the highest in July because the mean ambient
temperature in July was the highest in Kunming, Yun-
nan; the heat recovery of the exhaust air and the tempera-
ture of preheated fresh air were also correspondingly high-
er. This result indicates that ambient temperature is the
main factor that affects the temperature of preheated fresh
air under the same heat recovery rate and exhaust air tem-
perature.

Fig. 4 shows the thermal characteristics in different
baking stages, taking the curing process of the top leaf as
an example. Data of each stage in the figure show avera-
ges. The dehydration rate, the mass flux of exhaust air,
and the heat load have similar changes with the baking
time. Similar results have been found by Lii et al. "'*' and
Yao'®’. These three parameters all reach their maximum
values in F2 but decrease significantly in S1. The water
evaporation rate of the tobacco leaf has a decisive effect
on the changes of these three parameters. The water con-
tent of tobacco leaf in the early baking stage is high, and
the water vapor pressure on the surface of the tobacco leaf
is greater than that in the baking chamber; thus, the free
water on the surface of the tobacco leaf evaporates quick-
ly. With the increase in baking time, the water vapor
pressure on the surface of the tobacco leaf decreases, the
vaporized surface layer gradually moves inward, and the
water transfer resistance increases, resulting in a signifi-
cant reduction in dehydration rate in the stem drying

stagem] .

In addition, the average mass flux of exhaust
air in each baking stage in July is more than that in other

months. The capacity of the system to dehumidify may

decline due to the hot and humid weather, thereby in-
creasing the mass flux of the exhaust air of the sys-
tem"''. As shown in Fig.4(c), the heat loss rate under
different environmental conditions is assumed to be 10% ;
thus, the heat load of the system in different months has
minimal difference and mainly depends on the latent heat
of vaporization required by tobacco-curing. Moreover,
the maximum average heat load is approximately 30 kW.

The bottom leaf is used as an example to analyze the
operating mode of the novel system and the heat supply of
each heating equipment in April, as shown in Tab. 3.
Given the great average daily solar radiation in April, the
utilization rate of the solar energy of the system is signifi-
cantly high. In addition, given a large amount of total re-
quired heat, solar collectors hardly achieve separate oper-
ations. Therefore, the entire tobacco-curing process relies
more on the heat pump, and solar energy can relieve the
burden of the independent heat supply by the heat pump
and reduce energy consumption.

Tab.3 Operation mode of the novel tobacco-curing system in
April (1, =18.830 MJ/m*)

Baking L./ L./ Operation Qyp/ 0/MI Qyp/MJ
stage (MJ -m~2) (MJ+-m~2) mode MJ

Y1 36.837 1.424 SHPD 43.185 244.790 234.091
Y2 44.297 3.428 SHPD 103.991 244.790 331.075
Y3 56.913 10.617 SHPD 322.042 244.790 1 234.958
F1 62.872 16.270 SHPD 493.519 244.790 1 389.884
F2 104.962 17.180 SHPD 521.124 244.790 1 119.714
S1 23.952 4.217 SHPD 127.920 244.790 66.590
S2 9.573 1.808 SD  54.828 124.445 0

=40 - ——Jan. =
= —o—j\]:])r o1 400 - +;Lan
——Jul. o ——Apr.
§30 I ——Oct. E —a—Jul.
E Z1000f —Oct.
S20| g
= S
% 5 600
_*ilO = e
5 = 200}
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B}
&
S
RIS
L
jus
5L
0

YT Y2 Y3 FI F2 ST S2
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(¢)
Fig.4 Thermal characteristics of the top leaf curing process in
different baking stages. (a) Dehydration rate; (b) Mass flux of ex-
haust air; (c) Heat load

52 of the system.

Fig. 5 shows the COP of the heat pump at different
baking stages. Under certain environmental conditions,
the required heat pump condensing temperature continues
to increase, whereas the COP of the system gradually de-
creases when the baking temperature increases. In addi-
tion, in the same baking stage, the COP of the system in
July was higher than that of other months, indicating that
the increase in ambient temperature helps increase the COP
This result is obtained because the increase

6.51
5.0F
45+

4.0}

Cop

35

3.0+

25}

1 1 1 1
Yl Y2 Y3 FI F2 S1 S2
Baking stage

Fig.5 COP of the heat pump in different baking stages
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in ambient temperature helps improve the evaporation
temperature of the evaporator. According to Carnot’s the-
orem and Eq. (11), the increase in evaporation tempera-
ture helps improve the COP of the heat pump.

2.2 Comparison with other tobacco-curing techniques

Fig. 6 shows the comparison of power consumption be-
tween the novel tobacco-curing system and heat pump to-
bacco-curing system ( no heat recovery and solar heat col-
lection). When baking the same part of the tobacco leaf
under the same environmental conditions, the power con-
sumption in the novel tobacco-curing system is signifi-
cantly lower than that of the heat pump tobacco-curing
system. According to calculations, the power saving rate
of the novel tobacco-curing system is 25. 9% -35. 1%
compared with the heat pump tobacco-curing system. In
addition, the curing process of different parts of a tobacco
leaf reached the minimum power consumption in April in
the novel tobacco-curing system. The average daily solar
radiation was the highest, and the humidity ratio of the
air was low in April for Yunnan. Thus, the curing condi-
tion was superior, and the power consumption of the sys-
tem reached the minimum value. In Yunnan, July is the
rainy season, air humidity is high, and the average daily
solar radiation is lower than that in April; thus, the pow-
er consumption of the novel tobacco-curing system in July
is higher than that in April™ .
pump tobacco-curing system, ambient temperature is the
main factor affecting system power consumption; thus,
the system power consumption reached the lowest in July.
Moreover, the novel tobacco-curing system and the heat
pump tobacco-curing system reached the maximum power
consumption in January; thus, tobacco-curing is not suit-
able in January. In the two kinds of tobacco-curing sys-
tems, the order of the power consumption of different
parts of the tobacco leaf is as follows: top leaf > middle
leaf > bottom leaf. The longest baking time of the top
leaf leads to the maximum power consumption of the sys-
tem, whereas the shortest baking time of the bottom leaf

However, in the heat

B8 Bottom leaf (novel system)
350 Middle leaf (novel system)
Top leaf (novel system)
Bottom leaf (heat pump)
Middle leaf (heat pump)
B3 Top leaf (heat pump)

2.5

Power consumption/(MW-h)

Jan. Apr. Jul. Oct.

Fig.6 Comparison of power consumption between the novel
tobacco-curing system and heat pump tobacco-curing system

leads to the minimum power consumption.

In accordance with the thermal calculation results,
equipment selection and cost evaluation of the novel to-
bacco-curing system were conducted. Tab. 4 shows the
initial investment of three kinds of tobacco-curing sys-
tems. The cost of building materials for the novel tobac-
co-curing system and heat pump tobacco-curing system
consists of the cost of color steel plates and polyurethane
insulation. Equipment installation costs are calculated at
13.5%
Through a comprehensive consideration of various costs,
the initial investment of the novel tobacco-curing system
increased by 30 989 yuan, and the heat pump tobacco-cu-
ring system increased by 18 390 yuan compared with the
coal-burning tobacco-curing system. Although the initial

of equipment and building materials costs.

investment of the novel tobacco-curing system is relative-
ly high, the tobacco company subsidizes the new energy
and heat pump tobacco-curing technology in a large pro-
portion and thus can reduce its investment cost .

Tab.4 Comparison of initial investment costs of the three

tobacco-curing systems Yuan
System M, M, My M, Total
Novel system 60 560 9324 8507 13500 91 891
Heat pump system 49460 7826 8507 13500 79 293
Coal-burning system 28 460 3 842 21800 6 800 60 902

Tab. 5 compares the curing costs, which mainly in-
clude energy-consumption cost and labor cost, of the
three tobacco-curing systems. Compared with the coal-
burning tobacco-curing system, the novel tobacco-curing
system and the heat pump tobacco-curing system have a
higher degree of automation and avoid the manual coal-
feeding process; thus, they can effectively reduce the la-
bor cost by more than 70% . Furthermore, the dry leaf
curing cost of the coal-burning tobacco-curing system is
2.67-3.96 yuan/kg, and that of the novel tobacco-curing
system is only 0. 86-1. 06 yuan/kg, which saves more
than 60% of the curing cost. Therefore, the cost reduc-
tion effect of the novel tobacco-curing system is evident.
In addition, the order of the dry leaf curing costs of dif-
ferent parts is as follows: bottom leaf > middle leaf >
top leaf, which is exactly the opposite of the order of to-
tal curing costs. The top leaf has the lowest initial water
content and the highest mass of dry leaf; thus, the dry
leaf curing cost is the lowest.

July to September is the main season of tobacco leaf
picking and baking in Yunnan. Assume that the tobacco
leaf is baked eight times in a year (3 000 kg tobacco leaf
per kang) , and the curing cost is averaged for economic
analysis. As shown in Tab. 6, the payback period of the
heat pump tobacco-curing system is 2. 0-2. 6 a, whereas
that of the novel tobacco-curing system is 3. 0-3. 7 a,
which is slightly higher than that of the heat pump tobac-
co-curing system; nevertheless, the novel tobacco-curing



282

Wu Jianwen, Hua Yongming, Li Bin, Fu Lili, Yan Yongliang, and Duan Lunbo

Tab.5 Comparison of operation costs of three tobacco-curing systems

Power Coal Energy Dry leaf
L. Mass of Mass of . . . Labor Total .
System Position consumption/ consumption/ consumption curing cost /
fresh leaf/kg dry leaf/kg cost/yuan cost/yuan o
(kW - h) kg cost/yuan (yuan - kg™')
Top leaf 3 000 540 485-566 0 340-396 122 462-518 0.86-0.96
Novel system Middle leaf 3 000 513 474-556 0 332-389 107 439496 0.86-0.97
Bottom leaf 3 000 449 464-549 0 325-384 91 416-475 0.93-1.06
H Top leaf 3 000 540 690-837 0 483-586 122 605-708 1.12-1.31
t
. ei‘enﬁ“mp Middle leaf 3 000 513 676-826 0 473578 107 580685 1.13-1.34
sys
Y Bottom leaf 3 000 449 666-823 0 466-576 91 557-667 1.24-1.49
Coal-burning
3 500-4 500 400-500 220-260 1 100-1 400  924-1 162 420 1344-1 582 2.67-3.96

system

Notes; Electricity price is 0.7 yuan/ (kW - h) , and coal price is 0. 7 yuan/kg. The coal-burning tobacco-curing system is equipped with three people
per 5 kang, and the novel and heat pump tobacco systems are equipped with three people per 20 kang. The labor cost per kang is 100 yuan/ ( person

- d).

system is relatively economical and feasible. The high in-
itial investment of the novel tobacco-curing system increa-
ses the system’s payback period. Thus, further research is
needed to reduce its initial investment.

Tab. 6 Payback period of two different tobacco-curing systems

Payback period/a

Position Novel tobacco Heat pump tobacco
curing system curing system
Top leaf 3.0 2.0
Middle leaf 3.1 2.2
Bottom leaf 3.7 2.6

The energy consumption of the three tobacco-curing
systems was converted into standard coal for calculation.
The conversion coefficient of power was 0. 404 kg/ (kW

- h), and the conversion coefficient of raw coal was
0.714 3 kg/kg. The emission reduction of different parts
of tobacco leaf during the curing process was calculated,
and the average value was taken, as shown in Tab. 7.
The novel tobacco-curing system has a significant reduc-
tion in pollution reduction, reducing 15 586 kg CO, annu-
ally. This result indicates that the novel tobacco-curing
system has considerable environmental benefits.

Tab.7 Emission reduction of two different tobacco-curing sys-

tems
System Emission reduction/kg
Co, SO, Dust
Novel system 15 586 1375 63
Heat pump system 13 674 1207 55

3 Conclusions

1) The thermal calculation indicated that dehydration
rate was a key parameter during the tobacco-curing
process. The mass flux of exhaust air and the heat load
had similar changes to the dehydration rate, and both
reached the maximum in the late color fixing.

2) Economic analysis indicated that the dry leaf curing
cost of the novel tobacco-curing system was only 0. 86-

1.06 yuan/kg. In addition, the annual CO,, SO,, and

dust emission reduction of the novel system could reach
15 586, 1 375, and 63 kg, respectively.

3) Compared with the heat pump tobacco-curing sys-
tem, the novel system has important economic and envi-
ronmental benefits, but the payback period is slightly lon-
ger. Future research should focus on reducing the initial
investment of the novel tobacco-curing system to reduce
its payback period.
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