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Abstract. This study aimed to evaluate the environmental impacts of the biochar production process
through low-temperature pyrolysis of Chinese medicine residue via life cycle assessment (LCA). An LCA
model consisting of biomass pretreatment, pyrolysis, separation and cooling was developed. The results
indicated that the low-temperature pyrolysis process has the highest environmental impact on AP and GWP.
The consumption and direct emission of pyrolysis process were the primary sources of environmental
impact. In addition, by comparing to the traditional landfill process of Chinese medicine residue, it turns out
that the low-temperature pyrolysis process has improved environmental protection performance.

1 Introduction
With the rapid development of Chinese medicine and the
extension of the related resource based industrial chains,
the yield of Chinese medicinal residue is increasing year
by year. The annual discharge of Chinese medicinal
residue in China is up to 30 million tons in 2015, among
which the production of Chinese patent medicine takes
up the largest part, accounting for about 70% of the
total[1]. Chinese medicine residue contains a certain
amount of active ingredients and a large amount of
cellulose, hemicellulose, lignin, protein and other rich
organic ingredients. Recently, it has been reported that
traditional Chinese medicine residue is used for edible
fungus, feed, pyrolysis and gasification[2-4], partly
realizing its resource-oriented utilization. However, due
to the long fermentation cycle, complex composition,
difficult separation, and some residues may contain
harmful substances, the utilization of the residue as feed
and fertilizer is still under restriction[5]. Agricultural
straw and garden waste have been widely used in the
preparation of biochar, showing broad application
prospects in soil improvement and environmental
protection [6,7]. Chinese medicine residue is highly
similar to agricultural and forestry wastes, which are
characterized by high carbon content and easy to collect,
and also can be used to prepare biochar. However, the
existing literature has mostly focused on the performance
and application of biochar, the environmental impact
caused by its production process, and the quantitative

assessment of its environmental performance are
required to be identified systematically and
comprehensively.

So far, several LCA studies have evaluated the
production of activated carbon or bio-oil from
biomass[8-13]. As a typical biomass, some researchers
have attempted to investigate pyrolysis gasification from
Chinese medicine residue[14,15], but there is still a lack
of LCA investigation on biochar production from
Chinese medicine residue through low-temperature
pyrolysis.

The purpose of this study is to analyze the
environmental impacts on low-temperature pyrolysis of
Chinese medicinal residue to prepare biochar. This article
indicates the influence of low-temperature pyrolysis on
various environmental impact categories by comparing
with the landfill process, so as to provide more intuitive
and reliable scientific basis for its environmental
protection performance.

2 Data source and methods

2.1 Data source

The Chinese medicine residue analyzed in this article is
based on the research of Guo[16] from Henan Wanxi
Pharmaceutical Co., Ltd. Table 1 represents the
elemental and proximate analysis of Chinese medicine
residue, respectively.
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Table 1. Proximate and elemental analysis and LHV of Chinese medicine residue[16]

Chinese medicine residue Proximate analysis (wt% wet basis) Elemental analysis (wt% dry basis)
Project M FC V A C H O N S LHV（MJ/kg）
Content 12.5 12.41 72.62 2.47 42.4 6.2 47.39 1.06 0.15 14.90

2.2 Process description

The pyrolysis system of Chinese medicine residue
consists of four units: biomass pretreatment, pyrolysis,
separation and cooling. The residue was first broken by
crusher until the particle size is between 40-60 mu[17],
and then dried until the moisture content is less than 10%.
Once they meet the requirements of pyrolysis,
low-temperature pyrolysis reaction can be carried out in
the pyrolysis furnace to generate biochar and gas
products. The temperature of pyrolysis is 550 ℃. Then
biochar shall be rapidly cooled down to about 80 ℃ in a
short time through an air-cooled and water-cooled
two-stage heat exchanger. Gas products reacted with air
in the combustion furnace to provide heat for drying and
pyrolysis, resulting in exhaust gas such as CO2.

2.3 Life cycle assessment framework

2.3.1 Research methods and tools

This study intends to examine the gate-to-gate life cycle
impacts of biochar derived from Chinese medicine
residue with low-temperature pyrolysis techniques. LCA
was carried out with eBalance software which is the first
general LCA software with independent intellectual
property rights developed by IKE Environmental
Technology Co., LTD. (IKE). It provides high-quality
database support in China and the world, which is
suitable for LCA analysis of various products. Life cycle
impact assessment (LCIA) with the eBalance software

can provides comprehensive quantitative analysis results.
The impact categories considered in this study include
acidification (AP), Chinese resource depletion potential
(CADP), primary energy demand (PED), eutrophication
(EP), global warming potential (GWP) and respiratory
inorganics (RI).

2.3.2 Goal and scope

The goal of this study was to evaluate the environmental
performance of biochar preparation by low-temperature
pyrolysis. The environmental footprints of all input
processes of the entire life cycle from raw material
(Chinese medicine residue) pretreatment to the final
product (biochar) were included in this study. Besides, by
comparing with landfill process, the degree of impact of
low-temperature pyrolysis process of Chinese medicine
residue on various environmental categories was
determined. Additionally, further suggestions for
optimizing production and reducing pollution were put
forward. The functional unit was the dispose of 10 tons
Chinese medicine residue. According to Fig. 1, the
subsystems included biomass pretreatment unit (process
1), pyrolysis unit (process 2), separation unit (process 3),
and cooling unit (process 4). All inputs and outputs
involved within the system boundary were based on the
processing of 10 tons of Chinese medicine residue. The
use and abandonment of the product, and the
manufacturing and maintenance of the equipment were
not considered here to ensure the accuracy and
operability of the model.

Fig. 1. System boundary of biochar production from Chinese medicine residue.

2.3.3 Life cycle inventory (LCI)

The Life Cycle Inventory (LCI) is the second phase of an
LCA study, in which all inputs and outputs data to or
from the system boundary are collected. The data for
inventory analysis is based on the material input, output,
resource and energy consumption and environmental
emissions in all sectors within the defined system
boundaries. Energy and water consumption for operation,

biochar production, and the composition of the exhaust
gas are given by previous simulation results. The CLCD
Public, Ecoinvent Public and ELCD databases of the
eBalance software were used for the background data
(production of materials and energy sources). Tables 2
and 3 showed the details on input and output data.
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Table 2. The input data used for four processes in biochar
production.

Table 3. The output data used for four processes in biochar
production.

3 Results and discussion

3.1 Life cycle impact assessment (LCIA)

Fig. 2 showed the life cycle impact assessment results of
low-temperature pyrolysis process of Chinese medicine
residue. The order of impact categories was as following
AP > GWP > RI > EP > CADP > PED. To dispose of 10
tons Chinese medicine residue, the highest amounts of
impact categories were found to be for AP, GWP, and RI.
The greatest indicator was related to acidification. This
problem is due to the release of acid gases such as SO2,
N O2, etc. resulting from biogas combustion. The second
environmental problem was correlated to the global
warming. Indeed, greenhouse gas emissions such as CO2
are directly involved with power consumption. The third
main indicator of biochar production was RI.

Fig. 2. Life cycle impact assessment results of low-temperature
pyrolysis process of Chinese medicine residue

3.2 Analysis of process contribution

Analysis of process contribution was conducted for the
above six environmental impact categories to identify the
major pollution processes for effective improvement
measures. Fig. 3 showed the analysis results of process
contribution for key environmental impact categories. It's
worth noting that pollution from upstream is also taken
into account in eBalance software. Therefore, substances
in process contribution assessment include pollution
sources from upstream raw material production. Results
presented that in the process of low-temperature
pyrolysis of Chinese medicine residue, the separation
unit has a relatively large impact on AP, GWP and RI,
indicating that the consumption and direct emission in
pyrolysis process were the main sources of
environmental impact. For CADP and PED, the pyrolysis
and cooling unit have great influence, accounting for
more than 30 %. Moreover, the pretreatment unit also has
a certain influence. For EP, the separation process has the
largest environmental impact, reaching more than 40 %.
Therefore, it can be concluded that the pyrolysis unit
needs to be optimized urgently.

Fig. 3.Analysis of process contribution

3.3 Comparison with landfill process of
traditional Chinese medicine residue

By comparing the low temperature pyrolysis with the
landfill process of 10 tons Chinese medicine residue, we
can further quantitatively analyze the environmental
protection performance of the low-temperature pyrolysis

Process Substance Unit Input

Process 1

Chinese medicine residue t 10
Electricity kWh 1480

Air kg 50000
Heat GJ 2.746

Process 2
Dry medicinal residue t 9.722

Heat GJ 23
Nitrogen kg 96.3

Process 3

Air kg 50000
H2 kg 186.68
CH4 kg 768.56
CO kg 312.46
H2O kg 2418.57
N2 kg 92.75
CO2 kg 3690.97

Process 4

Biochar kg 1904.14
Air kg 15800

Electricity MJ 1494.77
Water kg 2495

Process Substance Unit Output

Process 1 Dry medicinal residue t 9.722
Wastewater t 0.278

Process 2

Biochar kg 1904.14
Ash kg 245
H2 kg 186.68
CH4 kg 768.56
CO kg 312.46
H2O kg 2418.57
N2 kg 92.75
CO2 kg 3690.97

Process 3

H2O kg 5820.37
N2 kg 38332.70
O2 kg 7014.30
CO2 kg 6290.32
SO2 kg 26.22
NO2 kg 0.0263

Process 4 Biochar kg 1904.14
Wastewater kg 2495
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process of Chinese medicine residue. The results of the
comparison of environmental impact analysis between
low-temperature pyrolysis and landfill process of
Chinese medicine residue were shown in table 3.

Table 4. Comparison of environmental impact analysis results
between low-temperature pyrolysis and landfill process

Impact
category Unit

Low-tempera
ture

pyrolysis
Landfill

AP kg SO2 eq 26.2 52.5
CADP kg Coal-R eq 3.46 4.72
PED MJ 5.82 8.05
EP kg PO43-eq 8.87×10-3 1.51×10-2
GWP kg CO2eq 6290 12600
RI kg PM2.5 eq 2.05 4.10

ECER-125-C
N-2010 - 8.01×10-9 1.60×10-8

The results indicated that for the above six
environmental impact categories, low-temperature
pyrolysis had lower values in comparison to landfill
process, respectively. Especially for GWP, AP and RI,
low-temperature pyrolysis of Chinese medicine residue
showed obvious advantages. The main reasons can be
attributed into two aspects: On the one hand, the
low-temperature pyrolysis process recycles the residue
and reduces the discharge of solid waste and harmful
substances; On the other hand, Chinese medicinal residue
directly buried in the landfill, resulting in a large amount
of land occupation, and will affect the mining of minerals.
Additionally, Chinese medicinal residue decay in the
natural environment, bringing about a large number of
harmful substances which cannot be ignored.

In general, the low-temperature pyrolysis process of
Chinese medicine residue showed better environmental
performance than the traditional landfill process, which
can better reflect the characteristics of environmental
friendliness in all aspects.

4 Conclusions
This study assessed the environmental impacts of biochar
production from Chinese medicine residue through
low-temperature pyrolysis, and compared
low-temperature pyrolysis with landfill process of
Chinese medicine residue. The main conclusions are as
following:

(1) Normalization results showed that
low-temperature pyrolysis of Chinese medicine residue
has the highest impact on acidification and global
warming potential, followed by respiratory inorganics,
eutrophication, Chinese resource depletion potential and
primary energy demand.

(2) Analysis of process contribution revealed that the
separation unit had a relatively larger impact on AP,
GWP and RI, indicating that the energy consumption and
direct emission of pyrolysis process were the main
sources of environmental impact. The pyrolysis unit is in
urgent need of optimization.

(3) From the perspective of life cycle, the
low-temperature pyrolysis process of Chinese medicine

residue showed a better environmental protection
performance in various environmental impact categories
than traditional landfill process. It’s not only because the
residue is recovered in the low-temperature pyrolysis
process, which reduces the discharge of solid waste and
harmful substances, but also because the Chinese
medicine residue is directly landfilled, resulting in a large
number of land occupation and harmful substances.

In short, the low-temperature pyrolysis system
showed evident advantages than landfill system, but still
needs to be optimized. This study laid a foundation for
the application and popularization of the low-temperature
pyrolysis of Chinese traditional medicine residue.
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