CJChE-00465; No of Pages 9

Chinese Journal of Chemical Engineering xxx (2016) XXx-XXx

Chinese Journal of
CHEMICAL ENGINEERING

Contents lists available at ScienceDirect

Chinese Journal of Chemical Engineering

journal homepage: www.elsevier.com/locate/CJChE

Energy, Resources and Environmental Technology
The biomethane producing potential in China: A theoretical and practical estimationx

Chang Liu '**, Jun Wang !, Xiaoyan Ji >, Hongliang Qian ', Liangliang Huang 2, Xiaohua Lu '

1 College of Chemistry and Chemical Engineering, Nanjing Tech University, Nanjing 210009, China

2 School of Chemical, Biological & Materials Engineering, University of Oklahoma, Norman 73019, United States
3 Division of Energy Science, Luled University of Technology, 97187 Luled, Sweden

4 School of Pharmacy, China Pharmaceutical University, Nanjing 210009, China

ARTICLE INFO ABSTRACT

Article history:

Received 11 September 2015

Received in revised form 11 November 2015
Accepted 19 November 2015

Available online xxxx

Biomethane has been developed rapidly in many countries as a renewable energy which upgraded from biogas.
China also began to pay attention to it even though we still at a initial stage, primarily, understanding the
biomethane potential and development prospect, choosing appropriate biomass as the biomethane source is
very important. In this work, the theoretical and practical biomethane producing potential from five main bio-
mass resources in China were estimated with appropriate methods based on the data collected, and during cal-
culation, two appropriate energy crops were assumed to be planted on marginal lands for biomethane

gﬂ;ﬁm potential production. Our estimation showed that the theoretical and practical biomethane potentials in China can reach
Biomass to 888.78 and 316.30 billion m? per year, agricultural waste should be the preferential development biomass,
Marginal land and planting energy crops on marginal lands is the most promising way to enhance biomethane production in
Energy crop China. Finally, biomethane is compared with natural gas, and the result showed that 48.15% of the practical

biomethane potential can meet the total Chinese natural gas consumption in 2013.
© 2016 The Chemical Industry and Engineering Society of China, and Chemical Industry Press. All rights reserved.

1. Introduction

Nowadays, the fossil fuels, especially coal, are still the main energy
resources in China. In 2014, a total of 4.26 billion ton standard coal con-
tributed 66% of the primary energy consumption. This heavy energy de-
pendence on coal results in both serious environmental impacts [1].
Natural gas as a clean energy is an ideal substitute of coal, which can re-
duce dramatically environmental damage. In 2014, the amount of natu-
ral gas consumed in China was 190 billion m?, which is only 5% of the
total energy consumption. Another limitation is that, about 30% of the
consumed natural gas was imported from other countries [2]. According
to the Chinese energy development strategy (2014-2020), the propor-
tion of natural gas in primary energy sector needs to be increased 10%
by 2020, which corresponds to a production of 400 billion m> natural
gas in 2020 [3]. It is of great importance to estimate the natural gas pro-
duction potential in China and explore different resources to produce
natural gas.

Among different natural gas resources, biomethane is considered as
a very promising one and has been developed rapidly in many
countries. Germany began to develop biomethane from 2006, and
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after years of study, there had been 107 biogas plants engaged in the
biomethane production by 2011 [4]. In Sweden, there had been more
than 120 biomethane gas filling stations and 40000 biomethane cars
were built up, and biomethane consumption had accounted for 10% of
the national nature gas consumption by 2010 [5]. The number of
biomethane gas filling stations was increased from 60 to 100 in
Switzerland in 2005-2008, and Swiss Gas Industry Association had
signed an agreement with Biogas Association, to make some cost dis-
count for biomethane incorporating into natural gas pipe network [6].
And the development of biomethane production also has received an in-
creasing attention in China for the past few years [7]. Biomethane is the
fuel that obtained from biogas after removal of CO, and H,S, also called
biological natural gas. The methane concentration in biomethane can
reach up to 95%-97% and meet the Chinese natural gas standard (GB
17820-1999), so that biomethane can be used as vehicle fuel gas or in-
corporated into natural gas pipe network as the substitute natural gas
[8,9]. Biogas is obtained from the low-grade biomass anaerobic fermen-
tation process, and the low-grade biomass is commonly used as sub-
strates, including livestock manure [10], straw [11], municipal solid
waste [12] and sewage sludge [13,14]. Some studies already investigat-
ed the biogas potential in China. Tian [15] estimated the biogas produc-
tion potential based on the amount of livestock manure from large-scale
farms in China in 2009, they concluded a biogas production potential of
47.21 billion m> per year. Zhang et al. [16] estimated that the biogas pro-
duction potential was 119.844 billion m? in China in 2009 from all ex-
crement, among which 24 billion m® was from large- and medium-
sized livestock and poultry breeding farms. Chang et al. [17] evaluated
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the biogas potential of crop straw and livestock manure through time-
series and geographical approach, indicated the great regional differ-
ences in biogas potential between districts and provinces in China, and
the most part of total biogas potential in China is allocated among Mid-
South district, East district and South West district. And an international
collaboration between China and Denmark was carried out to estimate
the biogas production potential in 2011, the study considered resources
such as livestock manure, municipal solid waste and sewage sludge. The
biogas production potential was estimated to be 206.8 billion m?
(124.08 billion m> biomethane) in 2009 [18]. However, in the above
studies, the biogas potential was just estimated according to the current
digestion technology in China, which was a more practical potential.
When considering the development of technology, the efficiency of an-
aerobic digestion process can be increased, and the potential will be im-
proved. On the other hand, many studies just considered the common
low-grade biomass in China, the potential of energy crop has never
been estimated. To increase the biomethane production, energy crops
have been considered to be the better choice for its high biogas produc-
tivity and yield, and the broad marginal land resources are good place for
energy crop planting, due to the large population and a very limited cul-
tivated land in China [19-21].

In this work, based on the updated data collected from traditional
biomethane production, the theoretical and practical biomethane po-
tentials in China were estimated with appropriate methods (Buswell
formula for the agriculture waste and energy crop, IPCC formula for
the municipal solid waste and sewage sludge). And different with previ-
ous work, two appropriate energy corps were chosen from the screen-
ing process designed, and assumed to be planted on the marginal land
to get the biomethane potential of energy crop in China. We hold that
agricultural waste should be the preferential development biomass,
planting energy crops on marginal lands is the most promising way to
enhance biomethane production, developing biomethane is a promising
way for energy supplement in China.

2. Estimation Methods
2.1. Theoretical and practical biochemical methane potentials

In this work, the theoretical biochemical methane potential (TBMP)
represented the maximum biomethane yield per volatile solid (VS). To
get the TBMP, the organic carbon in biomass was assumed to be trans-
ferred into CH4 and CO, completely during the anaerobic digestion pro-
cess, which were the two main composition of biogas. In this respect, a
formula was firstly proposed to simulate this extreme hypothesis by
Buswell and Mueller based on the element compositions of different
biomass [22], and this formula was also cited in some other studies.
Moller et al. [23] used the Buswell formula to calculate the theoretical
methane potential of different specific organic components in biomass,
and Li et al. [24] studied the methane production of three organic wastes
during a batch anaerobic digestion process, and the Buswell formula
was used to calculate the theoretical methane yield of organic wastes.
In the Buswell formula, the distribution ratio of organic carbon in CH,
and CO, was determined via one mole of biomass with a known ele-
mentary composition, and the theoretical production of methane was
calculated according to Egs. (1) and (2):

CaHpOcNg + (a— b_c, 3—d) H,0- (g +hoc_ 3_d> CH,

4 24 8 4 8
a b ¢ 3d
+<§+§—Z—§>C02+dNHg (M)

The TBMP can be calculated by Eq. (2):

a b ¢ 3d
V”"<§+§_Z_§>

TBMP = 15 5174 + 1,008 + 15.999¢ + 14.007d @

where V,,, is the molar volume of methane at standard temperature and
pressure.

When considering the actual digestion conditions, biomass can't be
degraded completely by microorganism during the digestion process,
so in order to get the practical biochemical methane potential (PBMP),
an important factor needs to be taken into account, namely the biode-
gradability (BD) [25]. During the research process, Labatut et al. [26]
thought that the extent of such an effect tends to be correlated with
the composition in biomass. Triolo et al. [27] studied the relationship be-
tween biomethane potential and different compositions (lignin, neutral
detergent fibers, acid detergent fiber, cellulose), they reported that the
lignin content in volatile solid was the most important parameter for
predicting biochemical methane potential of all kinds of biomass. And
Li et al. [28] conducted a series of biomethane potential assay of many
organic substrates (mesophilic digestion, VS concentration: 3 g-L™ 1),
to study the relationship between the lignin content and the biodegrad-
ability. After a series of data analysis, they observed a good linear
correlation between lignin content and the biodegradability (BD) for
the lignocellulose and manure wastes, this could be used as a fast meth-
od to predict the biodegradability of fiber rich substrates. In this work,
we used this linear correlation (Eq. (3)) to estimate the BD of crop res-
idue, livestock manure and energy crop:

BD = 80.4—2.7 x Clignin (3)

where Ciignin is the lignin content (wt% VS) of different biomass.
Then the PBMP can be calculated from TBMP and BD by Eq. (4):

PBMP = TBMP x BD. (4)

2.2. Biomethane potential of crop residue

The biomethane potential of crop residue depends on their produc-
tion and biochemical methane potential (BMP). The production of crop
residue can be calculated based on the crop yield, straw grain ratio of
different crop and the general crop residue collection rate.

In this work, the biomethane potential of crop residue was calculat-
ed by Eq. (5):

n
Yome = »_ Yai x SGR; x CR; x VS; x BMP; (5)
i

where Yy, is the biomethane potential of crop residue, representing the
theoretical (Ypmc) or practical (Yppme) biomethane potential, billion m>;
Y. is the yield of crop, 10* ton; SGR is the straw grain ratio; CR is the
residue collection rate; and BMP can be the theoretical (TBMP) or prac-
tical (PBMP) biochemical methane potential, L CHy- (g VS) ™.

2.3. Biomethane potential of livestock manure

The biomethane potential of livestock manure was calculated based
on the manure production and BMP. Different with crop residue, the
production of livestock manure depends on the yield of livestock, excre-
tion coefficient, livestock raising cycle and the general manure collec-
tion rate.

In this work, the biomethane potential of crop residue was calculat-
ed by Eq. (6):

n
Yomi = »_ Y5 x Pi x Ty x CR; x VS; x BMP; (6)
i

where Yp,m is the biomethane potential of livestock manure and can be
the theoretical (Ygpmi) or practical (Yppmi) biomethane potential,
billion m?; Y; is the yield of livestock, 10* capita; Pis the livestock excre-
tion coefficient, kg-capita™'"9_;; and T is the livestock raising cycle, d.
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