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Abstract This paper aims to discuss an environmental,
social, and economic analysis of energy utilization of crop
residues from life cycle perspectives in China. The
methodologies employed to achieve this objective are
environmental life cycle assessment (E-LCA), life cycle
cost (LCC), and social life cycle assessment (S-LCA). Five
scenarios are developed based on the conversion technol-
ogies and final bioenergy products. The system boundaries
include crop residue collection, transportation, pre-treat-
ment, and conversion process. The replaced amounts of
energy are also taken into account in the E-LCA analysis.
The functional unit is defined as 1 MJ of energy produced.
Eight impact categories are considered besides climate
change in E-LCA. The investment capital cost and salary
cost are collected and compared in the life cycle of the
scenarios. Three stakeholders and several subcategories are
considered in the S-LCA analysis defined by UNEP/
SETAS guidelines. The results show that the energy
utilization of crop residue has carbon emission factors of

0.09–0.18 kg (CO2 eq per 1 MJ), and presents a net carbon
emissions reduction of 0.03–0.15 kg (CO2 eq per 1 MJ)
compared with the convectional electricity or petrol, but
the other impacts should be paid attention to in the biomass
energy scenarios. The energy utilization of crop residues
can bring economic benefit to local communities and the
society, but the working conditions of local workers need
to be improved in future biomass energy development.

Keywords crop residue, life cycle assessment, life cycle
cost, social life cycle assessment, energy production

1 Introduction

One of the major objectives of energy development is to
become a low-carbon and secure energy system [1,2].
Biomass, especially crops and wood residues, is the first-
ever fuel consumed by human beings before the first
Industrial Revolution in the 18th century. In the 21st
century, establishing a sustainable energy system has
become a global objective of energy technology develop-
ment, where renewable energy is replacing fossil fuels for
the production of heat, electricity, and transportation fuels
under the pressure of climate change, especially global
warming issues [3–5]. Not just because biomass resources
are available in large quantity, but also because they are
suitable for the sustainable energy supply of transportation
fuels, electricity, and heat [6].
Even though crops and timbers are ultimately produced

by plants absorbing CO2 from the atmosphere in the
growth phase, the environmental consequence of their
energy utilization depends on the time perspective of
carbon exchange with atmospheric CO2 and plant ecology
[7,8]. Meanwhile using biomass as a material for
producing energy allows the reduction of fossil fuel
consumption, but the uncertainty of addressing potential
CO2 emissions from land-use change is still the obstacle of
biofuel development [9], not to mention that the promotion
of energy production from plants (crops, trees) could cause
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impacts on indirect land-use change and biodiversity
regionally and globally [10,11]. On the contrary, crop
residue is normally recognized as a co-production of grain
production, where food and animal feed are the main
products of agricultural cropping activity. The application
of crop residues as a material to produce renewable energy
will not compete with food or feed production.
In regard to energy utilization of biomass resources,

efforts were made in most of the studies on the potential
energy production and associated environmental impacts,
which were typically CO2 emissions [12,13]. Cherubini
et al. addressed energy production and potential CO2

emissions from biomass utilization by environmental life
cycle assessment (E-LCA) [14,15]. The environmental
consequences of bioenergy production from different
biomass resources were assessed and compared consider-
ing the life farming practice and conversion technologies
from the life cycle perspectives [16,17]. It is globally
acknowledged that different conversion technologies will
lead to different costs, and different environmental impacts
[18,19]. Many studies can be found for extending E-LCA
toward the economic and social performance of biofuels in
different regions around the world [20–22]. Few attempts
can be found for the life cycle sustainability assessment
framework proposed for the sustainable of bioenergy
development [23,24]. Even though energy utilizations of
biomass resources were not always ‘carbon neutral’ [14],
the use of crop residues was considered as ‘carbon
negative’ by replacing fossil fuels [15]. However, the
research considering life cycle cost (LCC) and social life
cycle assessment (S-LCA) into environmental LCA
analysis of crop residue is currently insufficient.
In 2010, there were about 94 million tons of primary

crop residues profitable to collect at farm gate feedstock in
China. By 2030, estimated supplies would go up to 180
million tons of dry crop residues [25]. The largest
quantities of crop residues are from grain crops. More
than three-fourths of crop residues are corn stover,
followed by wheat straw, which accounts for about a
fifth of the total quantity. A variety of development stages
occupy in various commercial uses for crop residues. In the
past, crop residues were generally used for heat production
and animal feed in the countryside in China [26,27].
Several companies that made fiberboards from straw have
emerged in recent years with mixed success [28]. In China,
the low carbon development strategy has been a part of
national development planning for decades [29,30]. The
potential role of biomass energy in the national energy
supply was addressed [27,31], and further intensified by
integrating ethanol for mobility in 2017 [32]. In recent
years, producing renewable energy and other valuable
bioproducts by crop residues has received remarkable
attention [33,34]. Crop residues are recognized as one of
the best sources for renewable energy and can produce
electricity, heat and liquid fuels [35]. With the develop-

ment of the biofuel conversion technology, intensive
attention is paid to producing bioethanol and biomethanol
by crop residues. Additionally, crop residues are important
materials to make synthetic gas (consisting of carbon
monoxide and hydrogen) in the gasification process and
then to produce electricity, chemicals, and liquid fuel
[36,37]. Therefore, it is very important for decision-makers
to evaluate the technologies and products using compre-
hensive assessment from social, economic, and environ-
mental perspectives. E-LCA, LCC and S-LCA are used to
conduct the analysis.
The aim of this paper is to present an overview picture of

the environmental, economic, and social consequences of
energy utilization of crop residues from the life cycle
perspective. First, the material and methods employed for
utilization of crop residues are considered. The system
boundary is built and the process of data collection is
described. Next, the results from the environmental impact,
cost analysis, and social impact are presented. Lastly, the
research findings and recommendations for future studies
are conducted.

2 Materials and methods

E-LCA as an environmental assessment tool, has been well
developed, structured by ISO and globally implemented in
the processing of product [38,39]. Similarly, LCC has been
developed to evaluate the viability and attractiveness of
projects from the perspective of economy. The methodo-
logy of S-LCA is still in the early stage of development
compared with E-LCA and LCC [40]. Since this paper
considers the three dimensions of sustainability, identified
by the three assessment methods, it is important that the
analysis should be maintained through the whole life cycle
of the processing of crop residues. Even though life cycle
methodologies cannot capture the entire breadth of
sustainable development, they can provide information
on the potential impacts from the life cycle of an energy
unitisation of crop residue [41]. Life cycle methodologies
are described starting with the goal and scope definition.

2.1 Goal and scope definition

To give a broader picture of the energy use of crop
residues, the objectives of this paper are to identify the
environmental impacts of energy utilization technologies
of crop residues, and to analyze the economic and social
impacts on workers, local communities, and the society. In
this paper, the crop residues are converted into electricity,
hydrogen, and biofuels. Electricity is consumed by
residences through the electric grid. Hydrogen and biofuel
are used as fuels for vehicles to replace fossil fuel, which is
gasoline in this paper.
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2.1.1 Functional unit

The functional unit is the quantified measure of the product
performance system, which ensures the fair comparison of
the products/services at the same level. It is quite
straightforward to link the results of both E-LCA, and
LCC to the same functional unit. As the systems that were
subject to this paper were located in China, the US Dollar
($) is selected as the currency. It may be difficult to define
the functional unit for S-LCA the same as E-LCA and LCC
[42], as a characteristic of social impacts. For this paper,
the functional unit considered for the assessment was to
produce 1 MJ of energy for the consumer. For the
assessment of social impact, the result will be presented
as a qualitative survey result.

2.1.2 System boundary

The system boundary for a life cycle analysis determines
the scope to conduct and facilitate the evaluations.
Nevertheless, the system boundary should involve the
unit processes which have a potentially considerable
impact on emissions from at least one of the three aspects
of sustainability [43]. So the system boundary need to be
defined as similarly as possible for the social, economic,
and environmental assessment [44]. A different definition
of system boundary has a remarkable impact on the results
of E-LCA, LCC, and S-LCA. Ideally, the three analyses
should be conducted in the same system boundary.
This paper basically covers the processes from cradle to

grave starting from crop residue collection, transportation
to residue pre-treatment plant, and conversion plant. The
investigated crop residues are mainly corn stover and
wheat straw, as corn and wheat are the main cereal crops
cultivated in China [25,45]. Pre-treatment here refers to

physical pre-treatment, including dehydrating and com-
pressing the residues to fuel pellets [46]. After that, the pre-
treated residues are transported to conversion plants and
converted to different kinds of energy products. With
respect to recommendations for future biomass energy
regulations, it is important to investigate crop conversion
facilities located in different parts of China, so that the
results can represent the situation of biomass energy
utilization in general. The final energy products based on
crop residue will be distributed to consumers to replace
conventional energies. The system boundary of E-LCA
starts from the beginning of the diagram using crop
residues, and supplying products and services at the end
(Fig. 1). In this system, several conversion technologies are
combined to jointly be applied to produce electricity, heat,
and biofuels. The first step of the transport process is to
bring crop residues from the field to the pre-treatment
plants (compressing, dehydration, and pelleting). The final
step is to transport the pellets to the biomass conversion
plant.
LCC covers the costs associated with the life cycle of

bioproducts by all the actors, who are getting involved
both directly or indirectly in their whole life process. In this
paper, the prices of the bioproducts determine the income/
salary of the actors from different stages within the system
boundary. LCC denominates flows by monetary terms
whereas E-LCA does so by physical quantities such as
mass, energy, and volume.
LCC shares the system boundary with E-LCA outlined

in gray color. The boundary is based on the principles of
life cycle thinking from residues removal and collection,
pre-treatment, residues, transportation, conversion pro-
cesses, and bio-energy products (electricity, heat, hydrogen
and bioethanol). Considering the S-LCA methodology and
its data availability, all three assessments are recommended

Fig. 1 System boundary of crop residues energy utilization (The gray box represents the system boundary for E-LCA and LCC, while
the green box refers to the system boundary for S-LCA.).
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ideally to have the same system boundary. Because S-LCA
currently has no systematic databases, it is impossible to
make a detailed analysis of all the processes along the life
cycle of fossil fuels. Therefore, the upstream of crop
residue used for animal feed and heat is not included in the
social assessment of product systems, including data
collection (preferably at the local level) and system
boundary.
Even though the LCC and E-LCA share the same system

boundary, they are based on different functional units and
purposes. In the E-LCA analysis, the impact result is
directly reflected by the impacts of the elements in the
studied chain process. In the LCC analysis, the price
reflects directly not only the elements of one chain process,
but also the elements of other chain processes indirectly.
Although only residue collection, transportation, and
application prices are considered, it is assumed that
producers also include all the costs in the processes of
the life cycle of the product. The collection cost includes
collection cost and storage cost. The cost for interior
allocation of distribution of the bioenergy is excluded. Two
different shared systems is used to show the specific
system boundary for S-LCA and for both E-LCA and
LCC. Moreover, only those stages and substages within
crop residues collection, transportation, and conversion in
S-LCA are considered. There will be some overlap
between LCC and S-LCA, as the interior cost in LCC is
also analyzed in S-LCA by the job category meanwhile.
The stakeholders in S-LCA include workers (by contractor,
subcontractor, etc.), the local community (working condi-
tions, etc.), and the society (health and safety, etc.).

2.1.3 Impact category

The following impact categories are included in E-LCA:
Climate change (global warming potential in kg (equiva-
lent of CO2), ozone depletion (emission of ozone-depleting
potential, in kg CFC-11 equivalents, 20 years); Acidifica-
tion (emission of acidifying gases, in kg (equivalent of
SO2), eutrophication (oxygen consumption potential, in kg
(equivalent of P), human toxicity (comparative toxic unit
for humans, in CTUh). In addition, this paper includes two
categories that reflect the use of mineral, fossil and
renewable resource depletion, expressed in kg (equivalent
of Sb), and water resource depletion, expressed in m3

(equivalent of water). The impact assessment method of

ILCD is applied to do the assessment, and Simapro is used
for the calculation.
The guideline recommends that all data, whether

quantitative or qualitative, should be collected throughout
the life cycle. At present, S-LCA is facing several
challenges such as the selection and the analysis of social
indicators, functional units, system boundaries, and the
impact assessment method. The impact categories that are
appropriate for a particular case study must be identified
from the numerous social indicators available in Refs.
[47,48]. Five social impact stakeholders are identified for
social life cycle assessment, which are workers, local
communities, society, consumers, and value chain [48].
The employment opportunities are the focusing of most
current S-LCA studies [49]. Considering the limitation of
the S-LCA methodology in practice, the categories are
screened into three stakeholders and several subcategories.
The three stakeholders are workers, local communities,
and society. First, it is noted that the paper does intend
neither to present a complete social assessment of energy
use of crop residue nor to provide S-LCA results that are
comprehensive enough for clear decision support regard-
ing crop residue for energy use outside of China. In this
paper, the consumer has been assumed as the same
consumer of energy products (electricity, fuels) that are the
same as those from other energy sources. So, the
stakeholder of consumer is not included in this paper.
The stakeholder group of value chain actors are not
considered, as all subcategories of this group focus on the
behavior of single companies. Each company has its own
value chain, which is beyond the objective of this paper.

2.2 Scenarios analyses

The main biomass energy products are power/heat and
transportation fuels. The roadmap of the crop conversion
technology is classified into two groups: thermo-chemical
(combustion, pyrolysis, gasification, and liquefaction) and
biochemical/biological (digestion and fermentation) [50].
In this paper, five scenarios are developed based on the
conversion technology and the final biofuel products based
on the IPCC report (Table 1). The final product is
electricity in Scenario S1 and Scenario S2, while the
conversion technology is the thermo-chemical one and the
bio-chemical one respectively. In Scenario S1, crop residue
is burned directly to produce heat and steam which are

Table 1 Formulation of five scenarios related to conversion technologies and final products

Scenario Source Conversion technology Intermediate product Final product

S1 Residue Combustion Electricity

S2 Residue Anaerobic digestion Biogas, SNG Electricity

S3 Residue Gasification Syngas Hydrogen

S4 Residue Gasification Syngas Methanol

S5 Residue Hydrolysis/fermentation Ethanol
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used to produce electricity. This is the most common
technology in operation in China. In Scenario S2, crop
residue is converted to biogas by anaerobic digestion. This
biogas can be produced in small scale and used for cooking
or heating in rural areas in China. It can also be produced in
a large plant and works as an energy source to generate
electricity. Both S1 and S2 have been in operation and
producing electricity for decades in China. Besides
electricity as the final product, biofuels and green hydrogen
have been attracting more attention. Biomass can produce
synthetic gas and CO2 through gasification. To comply
with stringent emission standards, syngas is becoming
increasingly important for the production of cleaner fuels.
It is the intermediate energy carrier for producing second-
generation biofuels like methanol. In Scenario S3 and
Scenario S4, syngas is converted into hydrogen and
methanol respectively, which can be used to power internal
combustion engines in motor vehicles. In Scenario S5,
ethanol is the final product from the hydrolysis and
fermentation process.

2.3 Inventory and data collection

In this phase, data collection and calculation procedures
are mainly focused on aiming to provide a detailed
description of the inputs of raw material and fuels and the
outputs of electricity, hydrogen, methanol, and ethanol.
The data used in E-LCA-based information are classified
into two categories: specific data referred to as primary
data and selected secondary data referred to as generic
data. As a general rule, specific data has been used when
available. Generic data has been used in cases where there
is a lack of specific data or if a product consists of many
components.

The data are collected through a questionnaire survey
and interview of the project manager for the conversion
technology information as well as material and resource
consumption (Table 2). For E-LCA, primary data from
three regions across the country was used, whereas the
secondary data were mainly of country-specific or region-
specific origin. For LCC, all data and prices used for crop
residue collection and transportation were specific. The
cost of electricity and biofuel product is the contemporary
national price. The market price of the hydrogen produced
from renewable energy sources are not available in China.
Even though hydrogen has been used in different industries
e.g., ammonia, more than 99% of hydrogen currently in
use is produced from gasifying or pyrolyzing of coal and
steam reforming of natural gas. To avoid misleading with
comparing price at different market levels, LCC analysis
does not include S3. Regarding S-LCA, not only are
quantitative data used, as is the case of E-LCA and LCC.
The questionnaire survey has been sent to the crop

residues collection agents and plants in different munici-
palities, cities, and provinces. Insufficient data are
remedied with the data collected from the literature and
Ecoinvent database.
The cost applies to the period of 2010 to 2015. It has to

be noted that the Chinese government subsidized the
electricity generated from biomass. From the consumers’
perspective, the price of energy products they pay is the
market price, which combines product cost, distribution
cost, and subsidies.
The indicator in S-LCA is generally challenging as

databases compared to those available for E-LCA. More-
over, the data collected on-site of a conversion plant is
always influenced by the individual local context. The aim
of S-LCA is to analyze the potential impacts of the life

Table 2 Primary data collection of E-LCA, LCC, and S-LCA from stakeholders

Techniques Project information Data source

E-LCA General project information Site survey, Refs. [27,31,51]

Total resource consumption Site survey, Refs. [27, 31, 51]

Total energy production Site survey, Refs. [27,31,51]

Material input and output from the plant Site survey, Refs. [27,31,51]

Resource collection Site survey,

Transportation Site survey

Replaced fuel Eco invent database [52]

LCC Capital investment Site survey

Residues cost Site survey

Labor cost Site survey

Transportation cost Site survey

Conversion plant cost Refs. [27,31,51]

S-LCA Job creation Site survey

Physical working condition Site survey

Health and safety Refs. [27,31,51]
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cycle of crop residues on energy use. The activities of crop
residue collection and transportation occur in rural areas
and the main stakeholders are the local farmers, which are
not included in the national statistics salary [53]. The
current agriculture farming activity is on a small scale
based on family labor [54]. Therefore, the data are not
available in the current Social Hotspot Database [55]. The
approach to data collection for social impacts is through
questionnaire surveys of farmers and interviews of agents
and managers (see Electronic Supplementary Material).
There are 1000 surveys sent out, including 400 in town,
and 600 for the countryside divided into 23 locations in 3
provinces, named Henan, Shandong, and Hebei. The
reason for choosing these three regions for the surveys is
that these are the regions with larger agriculture activities
in China. 921 surveys were answered and received. Of all
the surveys received, the number of replies from men is
603, accounting for 65.5% while that from women is 318,
accounting for 34.5%. The number of the respondents
aging from 16 to 30 is 128, accounting for 13.9%; that
aging from 31 to 50 is 541, accounting for 58.7%; that
aging from 51 to 60 is 160, accounting for 17.4%; and that
aging over 60 is 82, accounting for 8.2%. In the
countryside, 95.3% of the survey questionnaires were
answered with a positive opinion regarding the energy use
of crop residues, while in cities, only 2.8% of the survey
with a positive attitude.

2.4 Impact assessment

The impact assessment is a process to extract essential
information from an inventory of technology/product to
the results of the impact. Considering the quantitative
nature of E-LCA, LCC, and S-LCA and the inventory data,
different impact methods are used. The methodology of
ILCD 2011 calculates the environmental impact while the
LCA software Simapro is used to calculate environmental
impact. The inventory costs are aggregated to provide a
useful measure for assessing economic impacts. The S-
LCA approach used is described as ‘a potential social
impacts’ assessment technique that aims to assess the
social aspects through the life cycle of the process [56].

The social impact inventory result will be conducted in
qualitative analysis.

3 Results and discussion

3.1 Life cycle impact assessment result

One of the primary objectives of this paper is to understand
the contribution of specific life cycle activities to the
overall environmental performance of crop residues energy
utilization. The life cycle environmental characterization
results computed for the biofuel and bioelectricity
scenarios are presented in Figs. 2 and 3. The results refer
to the biofuels and electricity products, respectively. As
observed, relevant differences are found for the five
scenarios. For environmental impact, the entire energy
utilization scenarios emit from 0.09 kg to 0.18 kg
(equivalent of CO2 per 1 MJ) of the energy produced. If
considering the substituted energy, the entire GHG
emissions are from –0.15 kg to –0.03 kg per 1 MJ of
energy produced, which can be seen in Fig. 2. Note that the
potential global warming impact obtained for the biofuel
scenario indicates a virtual desirable impact, which is due
to the purification of biofuel ready for transportation. The
two carbon negative scenarios are Scenario S2 and
Scenario S3. In Scenarios S1, S3 and S5, the largest
carbon emissions come from the stage of crop residue
collection which accounts for 68%, 61%, and 58% of the
total impacts respectively. For Scenarios S2 and S4, the
major carbon emissions come from the conversion
processes, which account for 56% to 63% of total carbon
emissions respectively.
In regard to other impact categories besides climate

change, the impact results of particulate matter are between
6.82� 10–5 kg PM2.5 eq and 6.17� 10–4 kg PM2.5 eq in the
five scenarios. The impact results of photochemical ozone
formation are between 0.002 kg NMVOC eq and 0.015 kg
NMVOC eq. The impact results of terrestrial eutrophica-
tion are between 0.004 mol and 0.015 mol N eq in the five
scenarios. The characterization results of the impact

Fig. 2 Results of climate change of five energy application scenarios of crop residues.
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categories of the entire life cycle are demonstrated in
Fig. 3.
From Fig. 3, the major impacts of the 7 impact

categories coming from the stage of crop residues
collection in scenarios of S1, S3, S4 and S5 we can get
that. In Scenario S1, the stage of crop residues collection
and transportation accounts for more than 90% of the total
impacts of climate change, ozone depletion, particulate
matter, and terrestrial eutrophication. The reason for this is
the low efficiency of residue collection and transport from
the fields to the pre-treatment plants. The collection and
transportation of biomass play an important part in the
entire biomass to energy chain [57]. In Scenario S2, the
stage of the conversion process has the largest impact in
the other life stages. The environmental consequences of
the biomass resource utilization have been one of the most
important issues for biomass energy development. Besides
being considered as a renewable resource, the utilization of
crop residues shows a significant potential CO2 emission
reduction compared with the conventional fossil sources of
energy production [58–60]. The utilization of residues for
energy production could cause higher impacts for potential
human toxicity, due to the ashes produced in the life-cycle
processes of crop residues utilization [61]. Optimization of
the stage of crop collection and transport can decrease the
impacts of the energy use of crop residues.
It is well established that global warming potential is the

greatest environmental challenge to energy development
and therefore one of the most researched themes [62,63].
Utilizing crop residues for energy production can avoid
potential GHG emissions from both direct and indirect
land-use change [64,65]. The analysis indicate that the use
of crop residue does not always have a carbon-negative

result in all the scenarios, due to the low efficiency of the
collection and high energy consumption during the
conversion process. To have more environmentally
friendly biofuel and bioelectricity products, more studies
need to be conducted on, besides climate change, other
impact occurred during the life stages of biofuels and
bioelectricity production.

3.2 Life cycle cost result

Crop residues supply chain, including collection, trans-
portation, pre-treatment, and conversion, takes a remark-
able share of the total financial costs. The cost of biomass
energy products is divided into two categories: the cost for
the salary of the workers, and capital investment which
includes capital equipment investment and operation of
material cost, maintenance and disposing of cost. Due to
the data availability, the salary and job creation during the
construction of the conversion plant is calculated together
with the capital investment cost in the study. The total
employment from the life cycle of the scenarios varies
depending on the conversion capacity of the plants. The
functional unit is producing 1 MJ of energy.
The result obtained from the industry and site collection

is summarized in Fig. 4. The total cost of energy
application of crop residues ranges from US$ 12 to US$
20 per 1 GJ energy project, which is equal to US$ 0.04 to
US$ 0.07 per kWh energy produced. The lowest cost
scenario is S1 of electricity production from combustion.
In Scenario S1, the cost per GJ is US$ 12, of which 81% is
owing to the capital investment (including equipment,
material waste treatment, etc.) and the remaining less than
20% pertains the salary for workers (including on-site

Fig. 3 Characterization results of five energy application scenarios of crop residues.
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labor cost of residues collection and transport, and workers
on the sites of the plats, etc.). In Scenario S2, the total cost
per GJ energy produced is $15, and the cost allocation is
similar to that of S1, in which around 80% of the cost is the
capital investment. In Scenarios S4 and S5, the total cost is
US$ 14 and US$ 20 respectively, of which more than 90%
of the total cost is realted to the capital investment, and less
than 10% is for salary.
In this paper, the hotspot of energy utilization is

identified as the pre-treatment process, which includes
the pre-treatment of crop residues and storage afterward.
First, pre-treatment requires energy input to dehydrate crop
residues. Secondly, the process requires a large area for
crop residue storage until they are transported to the

conversion plant. The cost of biomass resources can highly
depend on the transportation and local price of land,
electricity, and workers. Nishiguchi and Tabata[66], who
claimed that the collection and transportation of woody
biomass is the bottleneck of the biomass utilization, which
is due to the mountainous areas in Japan, also made this
observation.

3.3 Social life cycle impact result

The social performance of energy applications of crop
residues with regard to the different processes is outlined in
Table 3. Because there is neither a complete nor a robust
social assessment on the residues energy application, the

Fig. 4 Life cycle cost results of four energy application scenarios of crop residues.

Table 3 Social life cycle impact results of energy application of crop residues

Impact category Crop residues collection Transportation Pre-treatment Conversion process

Workers

Freedom of association Non-existent: labor contracts
are missing

Non-existent: labor contracts
are missing

Existent Existent

Working hours 8–12 h/d 8–12 h/d ~ 8 h/d ~ 8 h/d

Fair salary Non-existent: wages are low Non-existent: wages are low Existent, based on
contact

Existent, based on
contact

Physical working
condition

Non-existent: labor contracts
are missing

Non-existent: labor contracts
are missing

Standard, based on
contract

Standard, based on
contract

Health and safety At low risk At low risk At low risk At low risk

Social benefit Not provided Not provided Provided Provided

Local community

Local employment Promoted Promoted Promoted Promoted

Society

Contribution to
economic development

Existent Existent Existent Existent

Sustainable
development

Existent Non existent Non-existent High

Quality, safety and
environmental standards

High High Medium High
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primary for this case is to interpret cautiously social results.
The results are summarized in Table 3 and briefly
described, refraining from providing clear conclusions or
recommendations regarding the social performance.
For the S-LCA analysis, the results present social

impacts being contributed by workers, local communities,
and society in the four life cycle stages of crop residues
applications. The results are obtained from the life cycle
stages of the energy use of crop residues. The positive
results are mainly caused by the application of a set of
management, on-site activities, and the inclusion of
environmentally friendly production activities. The rele-
vant stakeholders generally benefit from the involvement
of effective management and environmentally friendly on-
site activities, where effects such as noise, dust, and other
pollutants, can be significantly reduced. In this paper,
working conditions from crop residues collection are
identified as the hotspot of social impacts. The impact
category of workers mostly pertains to farmers from local
regions conducting the collection activities. They often
work more than 8 h per day receiving a daily payment from
US$5.7 to US$11.4 depending on local living conditions.
The workers are normally paid daily without a specific
contract, no social benefits or other guarantees of income.
Among hot issues of the social impacts, safe and healthy
living conditions are of top priority. A detailed investiga-
tion inidicate that there is a lack of health and safety
regulation in the whole life cycle of process. Unlike the
farmers working on the crop collection, the worker in pre-
treatment plants and conversion plants has a positive
impact due to the employment contract, which secures the
working conditions and social benefits. The positive social
impacts also apply to the other two impact categories of the
local community and society. The energy utilization of
crop residue creates job opportunities and increases the
income of the farmers and the local community.
Renewable energy technologies provide a solid founda-

tion for promotion of a clean energy generation and hence
a more sustainable living environment. The environmental
impact from the life cycle stage of crop residues energy
applications is mainly caused by the crop residues
collection and conversion stages. In the crops residue
collection stage, low-efficiency harvesting machines and
transport vehicles are used. The positive social impact is
greatly affected by employment regulation while the
workers from crop residue supplication and collection
stages have a relatively poor social performance. It shows
that improvement should be made on the crop residues
collection and transport stage in both environmental and
social aspects in order to achieve sustainable energy use of
crop residues.
The reasons for the different results of social impact are

the fact that social benefits were not presented locally and
the negative impacts of biomass supply chains and power
plants on the local environment were not properly
understood and mitigated to local communities. Social

benefit is an important part of the sustainable development
of biomass energy. It is important that the social benefit of
biomass energy development is not perceived locally,
especially by the local workers, however, the negative
impacts during the life cycle stage of biomass energy affect
the local environments and the society. Compared with the
people in cities, people in rural areas are often live in
poverty. Therefore, one of the main challenges facing the
Chinese government is to reduce the growing inequality
between them. The sustainable development requires a
balance between national concerns and local communities
[67].
Farming in China is still based on household scale

farming. The Chinese agricultural farming is likely to
remain small-scale for some time in the future. The crop
residue collection system is highly dependent on the
motivation of the farmers, which is driven by economic
factors [68]. Besides economic factors, the working
conditions and social awareness need to be addressed, as
farmers constitute a larger part of the national population
who need more social caring due to low competitiveness in
the labor market.

3.4 Discussion

This paper includes five scenarios for the life cycle stages
of biomass from crop residues collection to replacing
conventional energy sources. From the perspective of E-
LCA, the five scenarios present environmental benefits to
varying degrees compared with the conventional energy
sources. For producing electricity, S2 is better than S1 as
all environmental impact indicators of the former are much
less than those in the latter. For producing fuels, all
environmental impact indicators except human toxicity are
S4, S5, and S3 from large to small while the order for
human toxicity is S5, S4, and S3. This means S3 has the
greatest environmental advantages in the three scenarios.
From the perspective of LCC, S2 has more costs for both
capital investment and salary than S1, and the same is true
for S5 and S4. In addition, the implementation of the five
scenarios could provide job opportunities and correspond-
ing income for the farmers with the possible health and
safety risks. Whatever, it is good for social development
but the usefulness of the five scenarios are difficult to
quantify due to the limitation of the method. In total, the
choice of S1 and S2 mainly depends on the trade-off
between environment and economy. Although S3, S4, and
S5 have different environmental and economic perfor-
mances, these alternative scenarios are likely to be
developed together rather than a single option due to the
lack of oil in China. Besides these five scenarios, Zhang
et al. [69] compared the environmental performance of
processing straw to fuels for substituting bulk coal and
straw returning to field, and found that the former is far
superior to the latter in reducing fossil energy consump-
tion, greenhouse gas and pollutant emissions. Considering
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China’s large consumption of bulk coal and serious
pollution produced by it, making full use of biomass to
produce fuels and electricity may be an effective way to
improve the environment.
It is worth noting that the impacts on the soil by

removing residues and other potential residues application
were excluded in this paper. It has been clarified that
energy production from crop residues can reduce soil
carbon content with increasing CO2 emissions into the
atmosphere [70]. In many parts of the China, residues are
placed in agricultural fields after grain harvest. Besides,
crop residues, especially straw from small grains can also
be harvested, stored and used for livestock bedding during
the winter [45]. The exclusion of upstream stages cause no
completed assessment results and may lead to inappropri-
ate decisions for policymakers. Databases are used for
most of the materials and transportation calculations, as
very limited local data are available. The use of general
rather than specific data in the assessment increases the
uncertainty of the analysis concerning the specific case,
and should, therefore, be seen as aiming at extrapolating a
more general perspective from the specific case study.
Therefore, building a local LCA database for materials and
other relevant processes, to permit more specific assess-
ments, is strongly encouraged.
Pertaining to the social impact assessment, the uncer-

tainty of the result would be even high due to the high
influence in local contexts. There is no completed
methodology currently available for modeling S-LCA.
Based on the current method, only certain aspects of social
impacts can be assessed [56]. Regarding social impact
results, for the particular case of biomass energy utiliza-
tion, many of the methodological challenges of S-LCA still
exist (functional unit, system boundary, indicators, source
of data, etc.). The principle foundation of all life cycle
methodologies is to do quantitative assessments. The
quantitative social assessment must be compensated by
qualitative and semiquantitative indicators when quantified
data cannot be collected. Even though many things can be
argued and improved in the future, the knowledge gap of
S-LCA can never be closed [71]. In recent years, several
issues related to social conditions in the production and
manufacturing plants, such as working conditions in
factories in China, have attracted the attention of the
media at home and abroad.

4 Conclusions, recommendation and
further research

Comprehensive analyses of environmental, economic, and
social aspects were conducted using the three assessment
tools in the life cycle management family (E-LCA, LCC,
S-LCA). The life cycle methodologies are beneficial for a
comprehensive understanding of biomass energy produc-
tion and the trade-off between environmental, social, and

economic values. This is important for decision making by
public authorities and business developers. This paper
covered crop residues collection, transportation, pre-
treatment, and conversion technology. Five scenarios
were developed and compared based on different energy
products, which were bioelectricity, hydrogen, biometha-
nol, and bioethanol. It was found that the crop residue
collection stage contributed the most to environmental
impacts, and pre-treatment contributed more to the costs
due to the costs of land occupation and energy input. The
social impact is positive to local communities and the
society. However, it is negative to on-site workers due to a
lack of social services.
As raw materials, crop residues used for energy

production were encouraged by the requirements for
secure energy supply, fossil CO2 emission reduction, and
rural areas revitalization. Crop residues shows greater
potentials in CO2 emission reduction compared with fossil-
derived products and services. In contradiction to the
potential CO2 emission reduction, the impacts of photo-
chemical ozone formation, acidification and terrestrial
eutrophication caused by crop residues are higher than
those from fossil fuels. The other potential impacts besides
climate change should be taken into consideration when
developing the energy applications of crop residues. This
paper identifies that workers in local communities are at
the greatest risk of negative social impact. Social benefits/
social security, working hours, and freedom of association
are important issues to local farmers.
The Chinese government has recently announced a

strategy to create bioethanol for transport fuel in 2020,
which claims that no food supply would be affected [32].
One potential opportunity to contribute to bioethanol
production and reduce intensity of land occupation is to
apply biofuel production by utilizing resources and wastes
from agricultural activity. The cradle to grave approach is a
useful complement to assessment of cost, social, and
environmental issues, which are all necessary considera-
tions when making decisions about the future of bioenergy
development in China. In practice, the reginal diffrences
and the national policy should be considered, so that the
weights to balance the three assessments should be decided
by the specified region when making decisions.

Electronic Supplementary Material Supplementary material is available
in the online version of this article at https://doi.org/10.1007/s11708-020-
0696-x and is accessible for authorized users.

References

1. Gracceva F, Zeniewski P. A systemic approach to assessing energy

security in a low-carbon EU energy system. Applied Energy, 2014,

123: 335–348

2. Ang B W, Choong W, Ng T. Energy security: definitions,

dimensions and indexes. Renewable & Sustainable Energy

Yueling ZHANG et al. Assessment of energy utilization of crop residue in China 317



Reviews, 2015, 42: 1077–1093

3. Chu S, Majumdar A. Opportunities and challenges for a sustainable

energy future. Nature, 2012, 488(7411): 294–303

4. Edenhofer O, Hirth L, Knopf B, Pahle M, Schlömer S, Schmid E,

Ueckerdt F. On the economics of renewable energy sources. Energy

Economics, 2013, 40: S12–S23

5. Lund H, Mathiesen B V. Energy system analysis of 100% renewable

energy systems—the case of Denmark in years 2030 and 2050.

Energy, 2009, 34(5): 524–531

6. Scarlat N, Dallemand J, Monforti-Ferrario F, Nita V. The role of

biomass and bioenergy in a future bioeconomy: policies and facts.

Environmental Development, 2015, 15: 3–34

7. Johnson E. Goodbye to carbon neutral: getting biomass footprints

right. Environmental Impact Assessment Review, 2009, 29(3): 165–

168

8. Budzianowski WM. Negative carbon intensity of renewable energy

technologies involving biomass or carbon dioxide as inputs.

Renewable & Sustainable Energy Reviews, 2012, 16(9): 6507–

6521

9. Arneth A, Sitch S, Pongratz J, Stocker B D, Ciais P, Poulter B,

Bayer A D, Bondeau A, Calle L, Chini L P, Gasser T, Fader M,

Friedlingstein P, Kato E, Li W, Lindeskog M, Nabel J E M S, Pugh

T A M, Robertson E, Viovy N, Yue C, Zaehle S. Historical carbon

dioxide emissions caused by land-use changes are possibly larger

than assumed. Nature Geoscience, 2017, 10(2): 79–84

10. Lambin E F, Meyfroidt P. Global land use change, economic

globalization, and the looming land scarcity. Proceedings of the

National Academy of Sciences of the United States of America,

2011, 108(9): 3465–3472

11. Bringezu S, O’Brien M, Schütz H. Beyond biofuels: assessing

global land use for domestic consumption of biomass: a conceptual

and empirical contribution to sustainable management of global

resources. Land Use Policy, 2012, 29(1): 224–232

12. Abbasi T, Abbasi S. Biomass energy and the environmental impacts

associated with its production and utilization. Renewable &

Sustainable Energy Reviews, 2010, 14(3): 919–937

13. Joselin Herbert G M, Unni Krishnan A. Quantifying environmental

performance of biomass energy. Renewable & Sustainable Energy

Reviews, 2016, 59: 292–308

14. Cherubini F, Bird N D, Cowie A, Jungmeier G, Schlamadinger B,

Woess-Gallasch S. Energy-and greenhouse gas-based LCA of

biofuel and bioenergy systems: key issues, ranges and recommen-

dations. Resources, Conservation and Recycling, 2009, 53(8): 434–

447

15. Cherubini F, Ulgiati S. Crop residues as raw materials for

biorefinery systems—a LCA case study. Applied Energy, 2010,

87(1): 47–57

16. Liu L, Zhuang D, Jiang D, Fu J. Assessment of the biomass energy

potentials and environmental benefits of Jatropha curcas L. in

Southwest China. Biomass and Bioenergy, 2013, 56: 342–350

17. RenóM LG, Lora E E S, Palacio J C E, Venturini O J, Buchgeister J,

Almazan O. A LCA (life cycle assessment) of the methanol

production from sugarcane bagasse. Energy, 2011, 36(6): 3716–

3726

18. Astrup T F, Tonini D, Turconi R, Boldrin A. Life cycle assessment

of thermal waste-to-energy technologies: review and recommenda-

tions. Waste Management (New York, N.Y.), 2015, 37: 104–115

19. Patel M, Zhang X, Kumar A. Techno-economic and life cycle

assessment on lignocellulosic biomass thermochemical conversion

technologies: a review. Renewable & Sustainable Energy Reviews,

2016, 53: 1486–1499

20. Browne J, Nizami A, Thamsiriroj T, Murphy J D. Assessing the cost

of biofuel production with increasing penetration of the transport

fuel market: a case study of gaseous biomethane in Ireland.

Renewable & Sustainable Energy Reviews, 2011, 15(9): 4537–4547

21. Duer H, Christensen P O. Socio-economic aspects of different

biofuel development pathways. Biomass and Bioenergy, 2010, 34

(2): 237–243

22. Fazio S, Barbanti L. Energy and economic assessments of bio-

energy systems based on annual and perennial crops for temperate

and tropical areas. Renewable Energy, 2014, 69: 233–241

23. Keller H, Rettenmaier N, Reinhardt G A. Integrated life cycle

sustainability assessment—a practical approach applied to biorefi-

neries. Applied Energy, 2015, 154: 1072–1081

24. Ekener E, Hansson J, Larsson A, Peck P. Developing life cycle

sustainability assessment methodology by applying values-based

sustainability weighting-tested on biomass based and fossil

transportation fuels. Journal of Cleaner Production, 2018, 181:

337–351

25. Zhao G. Assessment of potential biomass energy production in

China towards 2030 and 2050. International Journal of Sustainable

Energy, 2018, 37(1): 47–66

26. Asian Development Bank. Preparing National Strategy for Rural

Biomass Renewable Energy Development. Building Science.

Manila: Asian Development Bank, 2008

27. Ministry of Agriculture. National Inventory and Evaluation Report

of Crop Straw Resources. Beijing: Ministry of Agriculture of China,

2010 (in Chinese)

28. Zhan H Y. Supply and utilization of non-wood fibers and waste

papers in China’s per industry. China Pulp & Paper, 2010, 8: 021

29. Jiang B, Sun Z, Liu M. China’s energy development strategy under

the low-carbon economy. Energy, 2010, 35(11): 4257–4264

30. Zhang Z X. China in the transition to a low-carbon economy. Energy

Policy, 2010, 38(11): 6638–6653

31. Ministry of Agriculture of China. Agricultural Biomass Energy

Development Plan (2007–2015). Beijing, China, 2007 (in Chinese)

32. National Energy Administration of China. China Plans Nationwide

Use of Ethanol Gasoline by 2020. Beijing, China, 2017 (in Chinese)

33. Jaleta M, Kassie M, Erenstein O. Determinants of maize stover

utilization as feed, fuel and soil amendment in mixed crop-livestock

systems, Ethiopia. Agricultural Systems, 2015, 134: 17–23

34. Lehtomäki A, Viinikainen T A, Rintala J A. Screening boreal energy

crops and crop residues for methane biofuel production. Biomass

and Bioenergy, 2008, 32(6): 541–550

35. International Energy Agency. Technology Roadmap-biofuels for

Transport. Paris, France, 2011

36. Abdoulmoumine N, Adhikari S, Kulkarni A, Chattanathan S. A

review on biomass gasification syngas cleanup. Applied Energy,

2015, 155: 294–307

37. Lan W, Chen G, Zhu X, Wang X, Xu B. Progress in techniques of

biomass conversion into syngas. Journal of the Energy Institute,

2015, 88(2): 151–156

318 Front. Energy 2021, 15(2): 308–319



38. ISO. Environmental management–life cycle assessment–principles

and framework. ISO 14040, 2006

39. ISO. Environmental management–life cycle assessment–require-

ments and guidelines. ISO 14044, 2006

40. Benoît C, Norris G A, Valdivia S, Ciroth A, Moberg A, Bos U,

Prakash S, Ugaya C, Beck T. The guidelines for social life cycle

assessment of products: just in time! International Journal of Life

Cycle Assessment, 2010, 15(2): 156–163

41. Jørgensen A, Herrmann I T, Bjørn A. Analysis of the link between a

definition of sustainability and the life cycle methodologies.

International Journal of Life Cycle Assessment, 2013, 18(8):

1440–1449

42. Russo Garrido S, Parent J, Beaulieu L, Revéret J P. A literature

review of type I S-LCA—making the logic underlying methodo-

logical choices explicit. International Journal of Life Cycle

Assessment, 2018, 23(3): 432–444

43. Hoogmartens R, Van Passel S, Van Acker K, Dubois M. Bridging

the gap between LCA, LCC and CBA as sustainability assessment

tools. Environmental Impact Assessment Review, 2014, 48: 27–33

44. Valdivia S, Ugaya C M, Hildenbrand J, Traverso M, Mazijn B,

Sonnemann G. A UNEP/SETAC approach towards a life cycle

sustainability assessment—our contribution to Rio 20. International

Journal of Life Cycle Assessment, 2013, 18(9): 1673–1685

45. Jiang D, Zhuang D, Fu J, Huang Y, Wen K. Bioenergy potential

from crop residues in China: availability and distribution. Renew-

able & Sustainable Energy Reviews, 2012, 16(3): 1377–1382

46. Agbor V B, Cicek N, Sparling R, Berlin A, Levin D B. Biomass

pretreatment: fundamentals toward application. Biotechnology

Advances, 2011, 29(6): 675–685

47. Evans A, Strezov V, Evans T J. Assessment of sustainability

indicators for renewable energy technologies. Renewable &

Sustainable Energy Reviews, 2009, 13(5): 1082–1088

48. United Nations Environment Programme. Guidelines for Social Life

Cycle Assessment of Products. Paris: United Nations Environment

Programme—Society of Environmental Toxicology and Chemistry

Life Cycle Initiative, 2009

49. Miret C, Chazara P, Montastruc L, Negny S, Domenech S. Design

of bioethanol green supply chain: comparison between first and

second generation biomass concerning economic, environmental

and social criteria. Computers & Chemical Engineering, 2016, 85:

16–35

50. Intergovernmental Panel on Climate Change. Special report on

renewable energy sources and climate change mitigation. 2011,

available at the website of srren.ipcc-wg3.de

51. Editorial Committee of China Electric Power. China Electric Power

Yearbook 2015. Beijing: China Electric Power Press, 2015

52. Wernet G, Bauer C, Steubing B, Reinhard J, Moreno-Ruiz E,

Weidema B. The ecoinvent database version 3 (part I): overview and

methodology. International Journal of Life Cycle Assessment, 2016,

21(9): 1218–1230

53. Qiu H, Yan J, Lei Z, Sun D. Rising wages and energy consumption

transition in rural China. Energy Policy, 2018, 119: 545–553

54. Wang X, Yamauchi F, Otsuka K, Huang J. Wage growth,

landholding, and mechanization in Chinese agriculture. World

Development, 2016, 86: 30–45

55. Benoit-Norris C, Cavan D A, Norris G. Identifying social impacts in

product supply chains: overview and application of the social

hotspot database. Sustainability, 2012, 4(9): 1946–1965

56. Subramanian K, Chau C, Yung W K. Relevance and feasibility of

the existing social LCA methods and case studies from a decision-

making perspective. Journal of Cleaner Production, 2018, 171: 690–

703

57. Tonini D, Astrup T. LCA of biomass-based energy systems: a case

study for Denmark. Applied Energy, 2012, 99: 234–246

58. Yang J, Chen B. Global warming impact assessment of a crop

residue gasification project—a dynamic LCA perspective. Applied

Energy, 2014, 122: 269–279

59. González-García S, Iribarren D, Susmozas A, Dufour J, Murphy R J.

Life cycle assessment of two alternative bioenergy systems

involving Salix spp. biomass: bioethanol production and power

generation. Applied Energy, 2012, 95: 111–122

60. Thornley P, Gilbert P, Shackley S, Hammond J. Maximizing the

greenhouse gas reductions from biomass: the role of life cycle

assessment. Biomass and Bioenergy, 2015, 81: 35–43

61. Boschiero M, Cherubini F, Nati C, Zerbe S. Life cycle assessment of

bioenergy production from orchards woody residues in Northern

Italy. Journal of Cleaner Production, 2016, 112: 2569–2580

62. Turconi R, Tonini D, Nielsen C F, Simonsen C G, Astrup T.

Environmental impacts of future low-carbon electricity systems:

detailed life cycle assessment of a Danish case study. Applied

Energy, 2014, 132: 66–73

63. Gullberg A T, Ohlhorst D, Schreurs M. Towards a low carbon

energy future—renewable energy cooperation between Germany

and Norway. Renewable Energy, 2014, 68: 216–222

64. Yan H, Liu J, Huang H Q, Tao B, Cao M. Assessing the

consequence of land use change on agricultural productivity in

China. Global and Planetary Change, 2009, 67(1-2): 13–19

65. Finkbeiner M. Indirect land use change–help beyond the hype?

Biomass and Bioenergy, 2014, 62: 218–221

66. Nishiguchi S, Tabata T. Assessment of social, economic, and

environmental aspects of woody biomass energy utilization: direct

burning and wood pellets. Renewable & Sustainable Energy

Reviews, 2016, 57: 1279–1286

67. Cowell R, Bristow G, Munday M. Acceptance, acceptability and

environmental justice: the role of community benefits in wind

energy development. Journal of Environmental Planning and

Management, 2011, 54(4): 539–557

68. Sun J, Chen J, Xi Y, Hou J. Mapping the cost risk of agricultural

residue supply for energy application in rural China. Journal of

Cleaner Production, 2011, 19(2-3): 121–128

69. Zhang S Q, Deng M S, Shan M, Zhou C, Liu W, Xu X, Yang X.

Energy and environmental impact assessment of straw return and

substitution of straw briquettes for heating coal in rural China.

Energy Policy, 2019, 128: 654–664

70. Liska A J, Yang H, Milner M, Goddard S, Blanco-Canqui H, Pelton

M P, Fang X X, Zhu H, Suyker A E. Biofuels from crop residue can

reduce soil carbon and increase CO2 emissions. Nature Climate

Change, 2014, 4(5): 398–401

71. Cambero C, Sowlati T. Assessment and optimization of forest

biomass supply chains from economic, social and environmental

perspectives—a review of literature. Renewable & Sustainable

Energy Reviews, 2014, 36: 62–73

Yueling ZHANG et al. Assessment of energy utilization of crop residue in China 319


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29
	bmkcit30
	bmkcit31
	bmkcit32
	bmkcit33
	bmkcit34
	bmkcit35
	bmkcit36
	bmkcit37
	bmkcit38
	bmkcit39
	bmkcit40
	bmkcit41
	bmkcit42
	bmkcit43
	bmkcit44
	bmkcit45
	bmkcit46
	bmkcit47
	bmkcit48
	bmkcit49
	bmkcit50
	bmkcit51
	bmkcit52
	bmkcit53
	bmkcit54
	bmkcit55
	bmkcit56
	bmkcit57
	bmkcit58
	bmkcit59
	bmkcit60
	bmkcit61
	bmkcit62
	bmkcit63
	bmkcit64
	bmkcit65
	bmkcit66
	bmkcit67
	bmkcit68
	bmkcit69
	bmkcit70
	bmkcit71


