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Abstract
China is a big agricultural country and generates a lot of biomass waste every year. Biomass is the only
renewable carbon source. Biochar can be produced by pyrolysis under anaerobic or hypoxic conditions.
Biochar has a rich pore structure, large speci�c surface area and special adsorption properties, and has
been widely used in different industries. Different raw materials and pyrolysis temperature will have
different effects on the yield and pore structure of Biochar. During our research, a �ow chart was
established in Aspen Plus V8.4 software to simulate the pyrolysis process of rice straw and sugarcane
bagasse, and the feasibility of the model was veri�ed through experiment. The results show that the
simulated value of biochar yield is different from the experimental value. The difference is small at low
temperature (300-500℃), and larger at high temperature (600-800℃), but both remain between 0.55%
and 13.11%. Finally, the Life Cycle Cost (LCC) method was used to evaluate the economics of the process
of preparing biochar from 1 t rice straw and sugarcane bagasse. The cost of rice straw and sugarcane
bagasse biochar were 0.79 and 0.93 USD/kg, respectively. Considering from the aspects of yield, pore
structure, energy consumption, and economy of biochar, compared with sugarcane bagasse, rice straw
has a more competitive advantage in the preparation of biochar.

State Of Novelty
Establish biomass (rice straw and sugarcane bagasse) pyrolysis model in Aspen Plus software, and
verify the feasibility of the model through experimental results. Only by measuring the content of
cellulose, hemicellulose and lignin in the biomass, the yield of biochar can be predicted by simulation. In
addition, the economic analysis of the pyrolysis process using the LCC method shows that the economics
of biochar are favorable.

Introduction
At present, a large amount of biomass waste is generated in agricultural industrial production, which has
caused a serious burden on the environment [1]. According to statistics, the world’s annual output of
biomass is about 220 billion tons (dry matter), 70% of which is about crop straw [2, 3]. People mostly use
traditional direct combustion to treat biomass, which not only causes unwarranted waste of agricultural
resources, but also causes serious air pollution [4, 5]. If we pyrolyze biomass at high temperature under
oxygen-limited conditions, we can get carbon-rich solid particles, namely biochar [6, 7]. Biochar usually
exhibits rich pore structure, large speci�c surface area, high stability, special adsorption properties and
higher surface energy [8–11]. Because of these unique properties and structures, biochar has been widely
used in catalyst carriers [12], soil additives [13], adsorbents [14], and lithium battery anode materials [15].
Moreover, biomass is the only renewable carbon source [16], so it is particularly important to study
biomass to prepare biochar. Biomass prepares biochar required by multiple industries through pyrolysis,
which solves the problem of disposal of a large number of biomass resources, turns waste into treasure,
and realizes the recyclable utilization of resources.
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Compared with other utilization methods of biomass (gasi�cation, liquefaction, fermentation, etc.), the
high-temperature pyrolysis process of biomass has a higher conversion e�ciency and requires a shorter
reaction time [17]. In the process of biomass pyrolysis, temperature, heating rate, material characteristics
and other parameters all have a certain impact on the yield of biochar [18, 19]. Among them, the pyrolysis
temperature has a greater impact on the biochar yield [20, 21]. When the temperature is low, the biomass
cannot be completely degraded to form carbon materials. When the temperature is high, the carbon
materials will be secondary pyrolyzed, and the yield of biochar will decrease [18, 22, 23]. Therefore, it is
necessary to explore the effect of pyrolysis temperature on the yield of biochar through a certain method.

In this study, rice straw and sugarcane bagasse were selected as the biomass raw materials. Firstly, the
chemical simulation software Aspen Plus V8.4 was used to establish a biomass pyrolysis �ow chart.
According to different pyrolysis conditions and reactions, an appropriate model was selected to explore
the in�uence of temperature changes on biochar production. At the same time, the heat duty of the
reactor at different pyrolysis temperatures can be obtained in the software simulation, and the reaction
process can be analyzed from the perspective of heat balance. Secondly, a tube furnace is used to
pyrolyze the biomass in a nitrogen stream, and the biochar yield is calculated based on the mass ratio of
the obtained biochar to the raw material. Setting different pyrolysis temperatures to explore the in�uence
of temperature on biochar production. The results are compared with the software simulation results, and
summarize general laws to provide a certain theoretical basis for the industrial pyrolysis of biomass. We
should note that economy is the main factor restricting the development of product industries, and
researchers at home and abroad have hardly evaluated the economics of biochar. It can be seen from the
foregoing description that using waste resource biomass as raw material to prepare biochar with a wide
range of uses and good performance through high-temperature pyrolysis is a better method to dispose of
biomass resources. Therefore, this study uses the Life Cycle Cost (LCC) method to evaluate the
economics of biochar in order to provide a reference for the future development of biomass and the
market pricing of biochar.

Simulation Study

2.1 Methodology
The commercial software Aspen Plus V8.4 is a large-scale general-purpose process simulation system for
production plant design, steady-state simulation and optimization. It can be used for process simulation
and optimization in various �elds such as medicine and chemical industry. Aspen Plus does not have a
�xed preloaded model, but it can be composed of several unit operating blocks [24, 25]. In Aspen Plus
software, the rapid pyrolysis process of biomass can be simulated and the yield of biochar can be
predicted [26, 27]. In this study, the simulation is mainly aimed at the yield of biochar. The simulation
process is based on the principle that the Gibbs free energy tends to the minimum, and the system
composition and phase distribution can be calculated when the chemical equilibrium and phase
equilibrium are reached simultaneously [24, 28].
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2.2 Model component speci�cation
Biomass does not have a uni�ed molecular formula and does not exist in the Aspen Plus database.
Therefore, when de�ning biomass, it needs to be set as an unconventional component, and the simulated
global �ow is set to MIXCINC. Enthalpy and density are the only attributes calculated for unconventional
components, which are calculated by empirical correlation, taking HCOALGEN and DGOALIGT methods
as examples [24]. Under this method, industrial analysis and elemental analysis parameters of biomass
need to be input into the simulation system. Table 1 lists the component attributes of rice straw and
sugarcane bagasse. Since biomass is an unconventional component, it is converted into conventional
components cellulose, hemicellulose and lignin in the simulation process. Hemicellulose and cellulose
are represented by their monomers C5H8O4 (xylan) and C6H10O5 (xylose-like cellulose monomer)
respectively in the simulation [24, 29]. Lignin is a three-dimensional network polymer compound
composed of phenylpropanes, and its structure is relatively complicated [30, 31]. Faravellia's [32] research
has given three representative lignin structures, as shown in Fig. 1. Because rice straw and bagasse
belong to the softwood lignin class, the structure of lignin in this study is LIG-C, and its chemical formula
is expressed as C17H17O5.

Table 1
The component attributes of rice straw and sugarcane bagasse [33]

Biomass Industrial analysis (wt%) Elemental analysis (wt%)

Mad FC Vm Ash C H N S O

Rice straw 7.23 1.33 45.68 45.76 26.73 4.05 1.02 0.56 66.55

Sugarcane bagasse 8.52 8.12 79.45 3.91 44.31 5.73 0.63 < 0.10 49.11

The yield reactor (RYield) in Aspen Plus calculates the material balance and energy balance based on the
product distribution. In this reactor, the unconventional components of biomass are converted into
conventional components of cellulose, hemicellulose, lignin and ash. The biomass composition of rice
straw [34] and sugarcane bagasse [35] are given in Table 2, in which the ash is an inert substance and
does not participate in the subsequent reaction process.

Table 2
The biomass composition of rice straw and sugarcane bagasse

Biomass Cellulose

(%wt)

Hemicellulose

(%wt)

Lignin

(%wt)

Ash

(%wt)

Rice straw 20 ± 1 30 ± 1.2 52 ± 2 4.9 ± 1.2

Sugarcane bagasse 25 ± 2.7 48 ± 2.3 31 ± 1.2 3.68 ± 0.46

2.3 Reaction process
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Establish a reaction �ow chart in Aspen Plus V8.4, as shown in Fig. 2, and the description of a single
reaction model is given in Table 3. Biomass and N2 enter the RStoic reactor at the same time, and the
feed stream �ows are set to 200 kg/h and 0.1 kmol/h respectively [24]. The biomass is dried (100°C) in
the RStoic reactor to remove moisture. Drying process is only the evaporation of the moisture of the
biomass raw materials, which is a physical change. The drying process is realized by inputting the
reaction equation through the RStoic module and embedding the calculator module. The input reaction
equation is: Biomass (wet) → Biomass (dry) + ΦH2O, the biomass is partially converted into water
through this equation, where the conversion rate Φ is taken as 0.0555 [36]. According to the water mass
balance before and after drying and the total mass balance of the feed, a calculator module CONV 1 =
(H2OIN1 - H2ODRY1)/(100-H2ODRY1) is embedded to control the actual conversion rate of the biomass
drying process [37]. Dried biomass stream F-1 enters the RYield reactor, where the unconventional
component biomass is converted into conventional components, and the product distribution needs to be
set in the RYield reactor. Decomposed stream R-2 enters the RGibbs reactor for pyrolysis. The RGibbs
reactor performs pyrolysis of biomass based on the principle of minimizing Gibbs free energy. By
changing the temperature of the RGibbs reactor, the relationship between biochar yield and pyrolysis
temperature was discussed. The main thermal decomposition temperature ranges of the three
components of biomass cellulose, hemicellulose and lignin are 220–315°C, 280–400°C and 400–800°C
respectively [38]. Therefore, in this simulation, the pyrolysis temperature range of the RGibbs reactor is set
to 300–800°C.

Table 3
Reaction model description

Model Description

RStoic Dry the material to remove the moisture in the biomass before pyrolysis

Flash Based on strict vapor-liquid balance, moisture and biomass materials are separated.

RYield The material balance and energy balance are calculated according to the product
distribution, and unconventional components are converted into conventional components.

RGibbs It is the only reactor module that can handle the three-phase equilibrium of vapor, liquid
and solid, based on the principle of minimum Gibbs free energy.

Sslip According to the separation of components, the inlet stream is divided into two or more
outlet streams.

2.4 Results discussion
In the Aspen Plus software, the biochar yield of rice straw and sugarcane bagasse were simulated at
different pyrolysis temperatures. As shown in Fig. 3, it can be clearly seen that the biochar yield of rice
straw at different temperatures is higher than that of sugarcane bagasse. The reason for the low biochar
yield of sugarcane bagasse may be related to the low lignin content in bagasse [39, 40]. A large number
of studies have shown that biomass with higher lignin content and lower cellulose content can obtain
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higher biochar yield. Cellulose and hemicellulose mainly produce volatile substances, and lignin is mainly
decomposed into carbon substances [41–44]. The content of lignin in rice straw is as high as 52%, while
the content of lignin in sugarcane bagasse is only 31%. Therefore, the biochar yield of rice straw after
pyrolysis is signi�cantly higher than that of sugarcane bagasse. In addition, the simulation results also
show that as the temperature rises, the biochar yield shows a downward trend, and the biochar yield
basically remains unchanged between 300°C -500°C, and the downward trend is compared when the
pyrolysis temperature is higher than 500°C obvious. Smets’s [45] research shows that the pyrolysis
temperature is generally negatively correlated with the biochar yield. When the pyrolysis temperature
increases from 400°C to 700°C, the biochar yield decreases by approximately 10%-17%. In this study,
when the pyrolysis temperature was 300–800°C, the yield of rice straw biochar decreased by 11.52%, and
the yield of sugarcane bagasse biochar decreased by 10.98%. The decrease in biochar yield with
increasing temperature is related to the depolymerization of biomass components. Below 500°C, the
devolatilization of biomass slows down, and polycondensation is dominant, so the weight loss is less
and the rate of decrease in biochar yield slows down. Zhao [46] and Uchimiya’s [47] research also
believes that it is reasonable that the yield of biochar has decreased, and that as the temperature
continues to rise, the biomass will undergo secondary cracking, volatile substances will be completely
decomposed, and more gas will be released to reduce the weight of biochar. In summary, the model
established in Aspen Plus is suitable for the pyrolysis reaction of biomass raw materials, and can predict
the yield of biochar without the need for experimental data.

Table 4 shows the heat duty of the RGibbs reactor at different pyrolysis temperatures. From the heat duty
results, the reaction process of rice straw at 300°C and 400°C pyrolysis temperature is exothermic
reaction, and the reaction process above 500°C is endothermic process. As the temperature increases, the
more heat energy is required. Sugarcane bagasse is an exothermic reaction only when it is pyrolyzed at
300°C, and the pyrolysis temperature is higher than 400°C, which is an endothermic reaction. Comparing
the heat duty of the two kinds of biomass pyrolysis, the energy required for the pyrolysis process of
sugarcane bagasse is higher than that of rice straw. Considering the pyrolysis of rice straw and
sugarcane bagasse to prepare biochar from two aspects of biochar yield and heat duty, rice straw shows
obvious advantages.

Table 4
Heat duty of RGibbs reactor

  300°C 400°C 500°C 600°C 700°C 800°C

Rice straw (MJ/h) -706.70 -366.63 222.92 1160.90 2305.17 3119.33

Sugarcane bagasse (MJ/h) -281.17 61.35 664.21 1647.90 2906.45 3828.75

Experimental Study

3.1 Material
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On the basis of simulation, the research of this paper conducts experimental research on two kinds of
biomass pyrolysis process. Rice straw is obtained directly from farmland, and sugarcane bagasse is
obtained from sugarcane purchased from fruit shops through a juicer. Drying the obtained biomass
material in a blowing drying oven (50°C) for 24 h to remove moisture, then using a high-speed
multifunctional pulverizer (Mingxuan 200T, Wuyi Haina Electric Co., Ltd. Zhejiang, China) to pulverize the
biomass into �ne particles for later use. The untreated and treated biomass is shown in Fig. 4.

3.2 Biochar production
The preparation of biochar uses a tube furnace (Hefei Kejing, OTF-1200X-S-VT, Hefei, China) for high-
temperature pyrolysis in a nitrogen stream (15 mL/min). Setting the heating program of the tube furnace,
the heating rate is 5°C/min, the temperature is increased from 20°C to 300–800°C respectively, and
keeping at high temperature for 120 min [48]. Weigh 1 g of biomass evenly in a quartz boat, and push the
quartz boat into the tube furnace for pyrolysis process. After the reaction, the tube furnace is naturally
cooled to room temperature, and the reactant biochar is taken out. Using Eq. 1 to calculate the biochar
yield. The yields of pyrolysis of rice straw and sugarcane bagasse to production biochar at different
temperatures are given in Table 5.

Equation 1 Yield = mbc/ mb × 100%,

mbc (g) is the quality of biochar, and mb (1 g) is the quality of biomass raw materials.

Table 5
The yield of biochar at different pyrolysis temperatures

  300°C 400°C 500°C 600°C 700°C 800°C

Rice straw Experimental value
(%)

50.63 53.27 45.42 35.46 33.56 33.19

Simulation

value (%)

52.50 52.24 51.28 48.57 44.01 40.98

Difference

value (%)

1.87 1.03 5.86 13.11 10.45 7.79

Sugarcane
bagasse

Experimental value
(%)

42.50 41.20 37.00 30.73 28.93 26.71

Simulation

value (%)

41.29 41.75 41.84 39.66 34.36 30.32

Difference

value (%)

1.21 0.55 4.84 8.93 5.43 3.61

3.3 Results discussion
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In Table 5, we see that as the pyrolysis temperature increases, the biochar yield shows a downward trend,
which is consistent with the simulation results. At different pyrolysis temperatures, there is a certain
difference between the experimental value and the simulated value of biochar which is maintained
between 0.55% and 13.11%. The difference between the experimental value and the simulated value is
small between 300–500°C, and the difference between 600–800°C is large, which can also indicate that
the pyrolysis decomposition or secondary cracking process of biomass at higher temperatures is more
complicated. The experimental value is close to the simulated value, which veri�es that the pyrolysis
model established in Aspen Plus in this study is feasible. Under the condition of not needing to do
pyrolysis experimental, only need to measure the content of cellulose, hemicellulose and lignin in the
biomass, and the output of biochar and its optimal pyrolysis temperature can be predicted through
software simulation.

In order to further understand the morphological changes of biomass in the process of converting
biomass into biochar, three different temperatures (300°C, 500°C, 700°C) of rice straw biochar and
sugarcane bagasse biochar were selected for characterization and analysis. The SEM (scanning electron
microscope) analysis of rice straw and sugarcane bagasse biochar at different temperatures are shown
in Figs. 5 and 6, respectively. From the two �gures, we can clearly see that as the temperature increases,
the pores of biochar gradually become larger and the wall surface becomes thinner. At 300°C, biochar
showed slight cracks, and at 500°C, obvious cracks appeared. When the temperature is as high as 700°C,
the pore walls of the biochar are destroyed and collapsed, indicating that the biochar has undergone
secondary rupture at high temperatures. Comparing the structures of the two biochar, sugarcane bagasse
exhibits poor high temperature resistance. At 500°C, the pore walls of sugarcane bagasse biochar have
become very thin, and at 700°C, the debris is more obvious.

The XRD analysis of rice straw biochar and sugarcane bagasse biochar are shown in Fig. 7. In general,
different carbonization temperatures and different biochar have similar diffraction peaks. There are
relatively broad and gentle diffuse diffraction peaks between 2θ = 18°-27°. With the increase of
carbonization temperature, the peak position of the diffraction peaks moves toward a higher angle. At the
same time, the peak intensity of the diffraction peak increases and the peak area increases. It indicates
that increasing temperature will shrink the spacing of the cellulose graphite microcrystalline layers in the
biochar, increase the amount of formation and crystallinity, and transform into more stable carbon
compounds, thus playing the role of carbon sequestration and increase [49]. However, there are still some
subtle changes in the biochar XRD map. In Fig. 7(a), there are some sharp diffraction peaks in the
spectrum. These diffraction peaks are mainly inorganic crystals in rice straw, including SiO2, KCl and
CaCO3, etc., which are related to the high content of Si and K in rice straw [50]. In comparison, there are no
such sharp diffraction peaks in Fig. 7(b), indicating that there are less inorganic substances in sugarcane
bagasse.

Economic Analysis
In the process of biomass pyrolysis, in addition to biochar, there are bio-tar and pyrolysis gas. Bio-tar and
pyrolysis gas are usually used as the main products of biomass pyrolysis, and they are widely studied
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and applied because of their energy value, while biochar is usually regarded as a by-product. In fact,
biochar has a wide range of applications. Technical and economic studies have shown that if biochar is
not regarded as an important product, the economic competitiveness of biomass pyrolysis is not strong.
Alhashimi et al. [51] compared the economic performance of biochar and activated carbon as
adsorbents. The average cost of biochar and activated carbon was 5 USD/kg and 5.6 USD/kg,
respectively. The author also collected the prices of biochar prepared from different biomass raw
materials in different countries, ranging from 0.8–18 USD/kg. Harsono et al. [52] analyzed the economics
of biomass carbon produced from palm oil empty fruit bunches, and the results showed that only when
the price of biochar is higher than 533 USD/t, can biochar be pro�table. From the perspective of farmers,
Abbie Clare et al. [53] studied the microeconomics and social applicability of biochar in four agricultural
systems. The results show that the biochar produced by small-scale farmers does not have an economic
competitive advantage in China. If the application of biochar is expanded to other system products,
China's biochar industry will undoubtedly have potential. The cost of biochar varies greatly in different
countries, and there are relatively few economic studies on large-scale production of biochar in China.
Therefore, it is necessary to analyze the biochar economy through the LCC (Life Cycle Cost) method to
provide a reference for China's biochar market pricing. In the LCC system, cost input includes raw
materials, electricity, manual labor, land and equipment, etc. The system boundary diagram is shown in
Fig. 8.

In the process of calculating biochar economy, using 1 t of biomass as raw material, the pyrolysis
temperature of biomass is 400°C, and the biochar yields of rice straw and sugarcane `bagasse are
53.27% and 41.20%, respectively. The price of rice straw comes from Jiangsu Province, the price is 0.04
USD/kg, that is, the cost of 1 t of rice straw is 40 USD [53]. The price of sugarcane bagasse comes from
Yunnan Province, referring to the price 440 RMB/t given on the Alibaba website, that is, the cost of 1 t of
sugarcane bagasse is 67.18 USD (1 USD = 6.5491 RMB). The reference price of N2 comes from
ChangZhouShi SaiFu Special gas co., LTD. Electricity mainly includes biomass drying, grinding and
pyrolysis processes, as well as daily electricity consumption. The price of electricity refers to 0.6
RMB/kW·h given by China Power Grid. The consumption of diesel is used in the process of biomass
collection and product transportation. The transportation distance is assumed to be 20 km, and the fuel
consumption of the truck is 0.0482 L/(t·km), referring to the average price of diesel in the local gas
station in the past 15 days. The cost of land and equipment is a �xed cost, referring to the biochar plant
in Selangor, Malaysia [52], the investment in �xed assets is 170.23 USD/yr. If this cost is evenly divided
into months or days, the cost of land and equipment will be lower. The total cost of preparing biochar
with 1 t of rice straw and sugarcane bagasse as raw materials are 413.52 and 440.70 USD, respectively.
The speci�c data are given in Table 6.
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Table 6
The cost of biochar (1 t biomass material)

  Biomass N2 Electricity Diesel Human Land and
equipment

Total

Rice straw (USD) 40 12.22 4.03 3.81 183.23 170.23 413.52

Sugarcane bagasse
(USD)

67.18 12.22 4.03 3.81 183.23 170.23 440.70

1 USD = 6.5491 RMB (December 23, 2020 exchange rate)

According to the biochar yield at 400°C, the unit prices of rice straw biochar and sugarcane bagasse
biochar are 0.79 and 0.93 USD/kg, respectively. The cost of sugarcane bagasse biochar is slightly higher
than that of rice straw, mainly because the purchase cost of sugarcane bagasse is slightly higher, and the
yield of biochar is lower. Compared with the biochar price of 0.8-18 USD/kg given by Alhashimi et al. [51],
the biochar cost studied in this paper is relatively low, especially for rice straw biochar. Although the cost
of biochar in this study is higher than the cost of 533 USD/t given in the results of Harsono et al. [52], it is
not much higher, and the cost of land and equipment in this study is calculated on an annual basis. If this
part of the cost is subtracted, it is believed that the cost of rice straw and sugarcane bagasse biochar will
be lower. We should also note that the bio-tar and pyrolysis gas produced by biomass pyrolysis can also
be collected as energy products. These products can also bring certain economic bene�ts, and to a
certain extent can effectively reduce the economic cost of biomass pyrolysis.

Conclusion
The widespread application of biochar and the increasing awareness of environmental protection make
people pay more attention to the process of preparing biochar from biomass pyrolysis. The yield of
biochar is most affected by the pyrolysis temperature. Aspen Plus V8.4 software was used to simulate
the pyrolysis process of rice straw and sugarcane bagasse. The biochar production at 300°C, 400°C,
500°C, 600°C, 700°C and 800°C temperatures were simulated, and the results showed that as the
temperature increased, the biochar yield showed a downward trend. Below 500°C, the downward trend is
relatively gentle, when the temperature is higher than 500°C, the downward trend is more obvious. This is
due to the secondary cracking of biochar to produce more pyrolysis gas at higher temperatures. At the
same time, the heat duty of the RGibbs reactor at different pyrolysis temperatures was compared. Rice
straw is an exothermic reaction at 300°C, 400°C, and an endothermic reaction when the pyrolysis
temperature is higher than 500°C. Sugarcane bagasse is an exothermic reaction only at 300°C, and an
endothermic reaction when the pyrolysis temperature is higher than 400°C. Comparing the two
biomasses, rice straw requires less heat energy during the pyrolysis process and can generate more
biochar.

Based on the simulation, a tube furnace was used to pyrolyze rice straw and sugarcane bagasse. There is
a certain difference between the experimental value and the simulated value of biochar yield, but the
difference is not large, especially the difference at lower temperature, which is maintained within 6%. This
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further proves that the pyrolysis model built in Aspen Plus software is feasible. Without experimentation,
the biochar production and the optimal pyrolysis temperature can be predicted by measuring the
components of biomass. Characterization and analysis of some rice straw biochar showed that as the
temperature increased, the pore structure of biochar became more abundant and the pore size became
larger. However, when the temperature is higher than 700°C, the cracks on the surface of the biochar
begin to decrease, and the pore structure of the biochar appears to be broken. This reasonably explains
that the biochar will undergo secondary cracking at excessively high temperatures, which greatly reduces
the biochar yield.

Finally, the biochar economy is analyzed, and the results show that the cost of rice straw and sugarcane
bagasse biochar are 0.79 and 0.93 USD/kg, respectively. This cost has a relatively large economic
competitive advantage in the biochar industry. Comparing with sugarcane bagasse, rice straw has
obvious advantages. The yield of biochar is higher, the pyrolysis process requires less heat energy, and
the cost is lower. In short, the production of biochar from biomass in China is a technically feasible and
economically feasible project, and the government has also supported the construction of multiple large-
scale biomass pyrolysis plants. In addition, the obtained biochar resources can be used as soil organic
fertilizer to return to farmland, and can also be used as catalyst carriers, lithium-ion batteries and other
�elds. Undoubtedly, biochar has great potential in the future energy development process.
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Figures

Figure 1

Different types of lignin structure

Figure 2

Flow chart of biomass pyrolysis
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Figure 3

The effect of different pyrolysis temperature on biochar yield
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Figure 4

(a) untreated rice straw, (b) dry and pulverize rice straw, (c) untreated sugarcane bagasse, (d) dry and
pulverize sugarcane bagasse
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Figure 5

Rice straw biochar, (a) 300°C, (b) 500°C, (c) 700°C

Figure 6

Sugarcane bagasse biochar, (a) 300°C, (b) 500°C, (c) 700°C

Figure 7

XRD pattern of biochar (a) rice straw biochar, (b) sugarcane bagasse biochar

Figure 8
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Boundary diagram of biochar economic evaluation system
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