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Abstract: Given the abundant straw resources in Northeast China and the huge external costs
associated with fossil fuels, straw-based biomass power plants have emerged as a popular alternative
to coal-fired power plants. The sustainability of these green alternatives depends on straw supply
from farmers, yet little is known about their perceptions regarding such supply because of a lack of
cooperation in the supply chain. To better understand farmers’ opinions on supplying straw, this
study examined their trust in middlemen, perceptions regarding risk in straw supply, the possibility
of reducing transaction costs, and their willingness to supply straw. Data were collected from 275
farmers in the national bioenergy industry area in Wangkui County, Northeast China. We investigated
the theoretical and empirical connections between trust and risk perception, trust and the possibility
of reducing transaction costs, and trust and willingness to supply straw. The results indicated that
education, income, and trust factors explained farmers’ risk perceptions, the possibility that they will
reduce transaction costs, and their willingness to supply straw. On the basis of the analysis, a model
of the influence of trust on straw supply was established. The overall findings indicated that biomass
power plants and middlemen must build trusting relationships with farmers to ensure sustainable
biomass supply.
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1. Introduction

Increasingly expensive fossil fuels and environmental degradation have compelled many nations
to consider renewable energy sources. In China, the abundance of straw resources has prompted the
pursuit of biomass power plant development as a long-term target, but such development has been
confronted with obstacles due to a lack of cooperation in the straw supply chain. To create a straw
supply market for biomass power plants, this study could contribute in explaining the formation of
one of the function of the technological innovation systems (TIS), which not only includes science, but
also includes the dimensions of creation of new knowledge [1], guidance for the direction of search
processes [2,3], supply resources [4], facilitation of the creation of positive external economics [5,6] and
facilitation of the formation of markets [7]. In these dimensions of TIS, the interaction of stakeholders
during exchange of information, knowledge, and vision imply the role of trust. In biomass industry in
China, policy support is necessary. There are related studies in TIS that makes explicit the relationships
between system innovation dynamic and public policies [1,6–8]. The decision-maker can influence the
level of uncertainty in the development of the technology [4,5,9]. In China, the central government
has issued incentive policy and technology development policy to support biomass power industry
development. However, the policy is only on the biomass power plant itself. There is no policy on
promoting the supply chain. Therefore, based on the current situation, guaranteeing the sustainable
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development of biomass power generation necessitates building trust among stakeholders. Trust
pertains to the belief of an individual that others will fulfill their promises [10]. It is an important
component of social systems [11,12], serving to smoothen the functioning of society and providing a
foundation for interpersonal communication [13]. These are equally true for rural China’s straw supply
chain, whose sustainability is impeded by issues of trust. In the rural regions of the country, farmers
are the stakeholders who decide on the quantity of straw to be supplied to biomass power plants
and are therefore critical in the operation of the chain. However, their willingness to cooperate with
biomass power plants is affected by risk perceptions regarding straw supply [14]. Such perceptions
can be minimized by increasing the trustworthiness of chain stakeholders, which in turn, facilitates the
rapid establishment of relationships among farmers, who are the straw suppliers; middlemen, who
serve as the straw collectors; and biomass power plants, which are the straw users. For middlemen
and biomass power plants, reducing costs is one of the most important objectives toward earning
profits. The presence of trust can reduce transaction costs because it serves not only as the basis of all
chain interactions but also as an efficient mechanism for fostering cooperation between farmers and
middlemen and reducing risk perceptions.

No research has confirmed the mitigating role of trust in risk perceptions and transaction costs,
and no study has been devoted to illuminating the function of trust in farmers’ willingness to supply
straw. The current study was conducted to create a win–win situation for biomass power plants,
middlemen, and farmers. In interviews conducted for this research, biomass power plants and
middlemen expressed their desire to mitigate transaction costs and risk perceptions as a means of
augmenting straw supply and its resultant benefits. They also identified a desire for farmers to
increasingly engage in straw supply activities. Meanwhile, farmers need assurance and low risk to
be motivated to increase straw supply. These goals are likely achievable through trust. Accordingly,
we determined how trust affects risk perceptions, transaction costs, and farmer engagement in straw
supply activities. The aims of this work were threefold: (1) to contribute to the empirical understanding
of farmers’ perceptions of risk in supplying straw; (2) to identify opportunities for improving trust,
reducing transaction costs, and increasing farmers’ willingness to supply straw; and (3) to emphasize
the importance of middlemen’s behaviors in the motivation of farmers to supply straw. To these
ends, we administered an opinion survey to 275 farmers in the national bioenergy industry area in
Wangkui County, Northeast China in 2014. We inquired into the theoretical and empirical relationships
between trust and risk perception, trust and the possibility of reducing transaction costs, and trust and
willingness to supply straw. Multiple regression analysis was conducted to determine the factors that
affect the aforementioned variables. The analytical results were then used as bases for constructing a
model of the influence of trust on straw supply.

The rest of the paper is structured as follows: Section 2 provides the background of the study.
Section 3 introduces the hypothetical model constructed on the basis of the theoretical and empirical
analyses. Section 4 describes the methodology, and Section 5 presents the results. Section 6 discusses
the findings, and Section 7 provides the conclusion and policy implications.

2. Study Background

The northeastern region of China is one of the agricultural bases in the country. Heilongjiang
Province is the north borderland, where the content-rich black soil lends itself to cultivating many
crops, including soybean, rice, and corn, whose by-product is straw. Among these, corn straw accounts
for the bulk of the county’s straw production. Crop straw output per capita in Northeast China is the
highest in the country [15], with the total output being approximately 96,283,700 tons [16]. In autumn,
crops such as corn are harvested and their roots are left underground. During the plowing season, corn
stalk roots are ground with a machine and used as fertilizer. This process leads to an accumulation of
straw, which is also harvested but end up as agricultural waste because households prefer to use coal
or gas for heating. To eliminate unwanted straw, farmers commonly burn it in open fields, thereby
polluting the air in rural and urban areas. The abundant crop straw produced in this region need not
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be a problem if it is converted into biomass for electricity generation. Theoretically, the straw produced
in Northeast China is sufficient to sustain the operation of more than three biomass power plants.

The as-yet unmaximized opportunity provided by straw abundance motivated us to conduct
an empirical study on the national bioenergy industry of Wangkui County in Heilongjiang Province.
The national bioenergy power plant is Wangkui County is one of the branches. Currently, 50 biomass
projects associated with the National Bioenergy Power Plant in Beijing are distributed across 28
provinces in China. However, the whole industry shares common problems of shortage of collected
straw, although straw is theoretically abundant. The facility chosen for investigation was the National
Bioenergy Power Plant, which is a typical straw-based power generation factory with an installed
capacity of 30 MW. The total investment infused into the plant was US$2.3 million. The annual demand
for processed crop straw is 200,000 tons, but the annual production of straw in recent years has been a
substantial 2.516 million tons. Out of this production, only 0.5% is used to feed livestock, and 40% is
used for daily life requirements. The volumes of total and residual crop straw production are shown
in Table 1.

Table 1. Total straw production and straw available for biomass power generation.

Radius (km) Total Straw Production
(Million Tons)

Crop Straw Residue
(Million Tons)

Dried Straw
(Million Tons)

25 1.013 0.60 0.45
30 1.445 0.86 0.65
50 2.516 1.5 1.13

Note: 1 ton of raw straw = 0.75 tons of dried straw.

Despite the abundant straw production in the country, the survival of the National Bioenergy
Power Plant is threatened by straw shortages. This is attributed mainly to difficulties in cooperating
with farmers. Wangkui County spans 2320 km2. If we assume that the biomass power plant is located
in the center of the county, then the radius of the area is around 27 km. Because the farmland in
Northeast China is huge, each farmer can own around six acres of farmland (0.02428 km2), from which
0.816 million tons of dried straw can be produced. Wangkui County consists of eight townships that
are home to 181,289 farmers. Currently, less than 20% of the farmers provide straw to the power plant.

The business model that characterizes straw supply in Wangkui County is shown in Figure 1.
Farmers provide straw to middlemen at a price of around US$4.5/kg. Middlemen collect straw from
farmers, transport and process the straw, and sell the processed material to the biomass power plant.
Given that no formal straw market exists, the price of straw always fluctuates because of factors
such as supply and demand and relationships with farmers. Some middlemen can obtain straw for
free when they are trusted by farmers. For middlemen, building trust with farmers and reducing
purchase price considerably guarantees them benefits. Unfortunately, the current tendency of farmers
is to increase the price of straw. One of the drivers of such tendency is low trust in middlemen. The
National Bioenergy Power Plant has been operating for nine years in Northeast China; the experience
of biomass power plants with straw collection has relevance that extends beyond their boundaries
and may contribute to our understanding of how farmers respond to issues of trust, risk perception,
transaction cost, and straw supply.
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3. Methods

3.1. Hypothetical Model of the Influence of Trust on Straw Supply

Below, we outline the theoretical and empirical bases of the relationships proposed in the
hypothetical model constructed in this work.

3.1.1. Theoretical Basis from Literature Review

The hypothetical model was tested in the context of a proposal to introduce a straw supply
scheme in China. In the literature review part, previous study on relationship of trust, risk perception,
transaction cost and public participation were examined as the basis for deriving our hypothesis.

Trust and Risk Perception

Trust is defined as an individual’s confidence in another’s intentions, motives, capabilities, and
sincerity [17,18]. It also refers to one party’s optimistic expectations in terms of the behaviors of
another when the first party must make a decision on how to act [19,20]. In the risk communication
literature, trust is regarded as a critical factor for mitigating risk perception and encouraging risk
acceptance [21,22]. It has been studied in relation to various risk perception issues, including
those related to climate change, radioactive waste, genetically modified food, and nuclear power
plants [22,23]. Similarly, risk perception has been accorded a prominent place in the extant literature
on trust [20,24–26]. Slovic et al., for example, pointed out that high public concern about a risk
issue (e.g., nuclear power) is associated with distrust in managers responsible for addressing the
issue, whereas low public concern (e.g., medical uses of radiation) is associated with trust in risk
managers [27].

There are studies of farmers’ perception or risk perception. For example, farmers’ intentions
towards biofuel crop production has examined in UK [28]. Farmers’ decision-making was valued in
biodiversity conservation activities [29]. Farmers’ attitudes in decision making were also investigated
in the previous study [30]. Farmers’ behavior and decision-making has been paid attend gradually.
There are empirical studies on the relationship of trust and risk perception [31]. However, there is no
study on farmers’ trust and risk perception in biomass supply field. In the biomass supply chain, the
relationship between farmer group and middleman is key for collecting sufficient straw for biomass
power plant. Because farmers who have risk perception towards supplying straw hesitate to supply
straw, their trust perceptions may be influenced by middleman’s behavior.

Therefore, our research question is “does trust influence farmers’ risk perception in supply straw”,
if yes, “what kind of trust factors have impact on farmers’ behavior?”.
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Trust and Transaction Cost

Transaction cost is often subdivided into information cost, negotiation cost, and monitoring
cost [32,33]. There is a growing recognition that relationships play an important role in supply chain
management [34], and such business relationships have been studied frequently on the basis of
transaction cost economics [35]. However, this theory fails to account for the social exchange of trust
and power, which are considered irrelevant to the study of economic exchange [36].

In previous studies, trust is considered a tool for reducing opportunistic behaviors. It mitigates
transaction costs in business and can enable farmers to reduce risk and conflict, provide exchange
credit, and offer warranty. Whenever trust exists, farmers can lower their guard and economize
on transaction costs [37]. The economic value of trust must also be considered when it is based on
non-contractual mechanisms [38]. Dyer stated that trust is a means of encouraging farmers and buyers
to establish a relationship, which in turn, enhances productivity [38].

With respect to straw supply, farmers with high trust prefer to cooperate outright with middlemen
instead of constantly calculating the risks involved in such cooperation because they trust that straw
collectors will not deceive them. However, research has yet to identify the specific trust factors
(e.g., a counterparty’s behaviors and attitudes) that can affect transaction costs in bilateral trade.
Williamson acknowledged that “a common characteristic of these studies [on transaction cost] is that
direct measures of transaction costs are rarely attempted” [39]. In the straw collection process, a
lengthy negotiation prevents middlemen from collecting straw at a volume sufficient to guarantee
profit because the period at which straw can be collected is short. Collecting straw becomes difficult
as the weather turns colder. In situations wherein farmers both collect and sell straw to middlemen,
the latter are compelled to monitor straw quality (e.g., whether farmers add soil or water to straw in
order to earn more profits). As can be seen, the absence of trust increases transaction costs (negotiation
and monitoring costs). There are opposite which is about long-term relationship in general reduce
transaction costs. In the case that little is known about the market potential of a technology, the size of
the innovating entity is taken into account for the use of loans [40–42]. For example, in the case of a
large multi-technological company, the size and the reputation of the firm could represent a guarantee
of good investment. More difficult is the situation where little is known about the technology and the
firm asking for private loans. In this case, access to private finance is facilitated through collateralized
loans to secure debt [43]. However, long-term relationship with a bank can reduce the need for
collaterals [44]: the probability of collateral being pledged decreases from 53 to 37 percent every 10
years of a bank-borrower relationship. This function of long-term relationship has also described in
wind technology development study [45]. Although this study didn’t test the relationship between
long-term relationship and transaction cost because of the difficulty of collecting data related with
long-term relationship, it is believed that the function of long-term relationship is significant in the
supply chain.

Therefore, our research question is “can trust decrease transaction cost in straw transaction
process?” “what trust factors can significantly decrease transaction cost?” Because of the difficulties
in directly measuring transaction costs, the present study investigated the relationship between trust
factors and the possibility that transaction costs will be reduced with reference to two questions. If a
farmer has a personal relationship with a middleman or trusts the middleman, will he/she sell straw
directly to the middleman without negotiation? If a farmer has a good relationship with a middleman
or trusts the middleman, will he/she sell high-quality straw to the middleman or will he/she focus on
earning more profits, regardless of the relationship?

Trust and Public Participation

Several studies have shown that public participation is an important mechanism for enhancing
trust [46–49]. Some scholars asserted that members of the public must, for example, be involved
in policy decision making and policy formulation activities [50], but others argued that the public’s
involvement in such endeavors may not necessarily enhance public trust and that ineffective public
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participation may increase distrust [51]. In the same vein, trust is an avenue by which participation
is enhanced. A study in Hong Kong discussed the effectiveness of trust as a means of developing
an appropriate stakeholder participation strategy for environmental governance [52], and a study in
China examined the relationship between trust in government and public participation in nuclear
power development [53]. Focht and Trachtenberg proposed a trust-based framework for guiding
the selection of an appropriate stakeholder participation strategy [54]. Trust has also been found to
predict participation through a mediator. A study in France, for instance, quantitatively examined the
relationship between trust and participation and found that effective commitment mediates between
trust and participation in the governance of cooperatives among farmer members [55].

In the previous study, factors influencing farmers’ participation have been investigated in selling
agricultural land [56], environmental protection [57], land diversion schemes [58], and implementing
energy efficiency and renewable energy measures [59,60]. A study of exploring the willingness of
Cumbrian farmers to engage with bioenergy and wood biomass production was conducted. However,
trust factor is missing in these studies. Through investigation, we found that Trust plays a role in
facilitating farmers’ participation in straw supply. Therefore, we derive our research question as “does
trust factors has impact on farmers’ willingness to participate straw supply? If yes, how much impact
does trust has on straw supply?”.

3.1.2. Empirical Basis

As previously stated, despite the abundant straw production in Wangkui County, the examined
biomass power plant continues to encounter difficulties in collecting straw from farmers. To solve the
straw collection problem, this study delved into the effects of trust on risk perceptions, the possibility
that farmers will reduce transaction costs, and farmers’ willingness to supply straw to allow for a
broader analysis of the predictors of support for straw supply.

Interviews and a survey were conducted in September and October 2014 with a random sample of
275 respondents from villages located around the National Bioenergy Power Plant. The questionnaire
contains questions on four farmer-related dimensions: (1) trust; (2) possibility of reducing transaction
costs; (3) willingness to supply straw; and (4) sociodemographic characteristics.

Several measures were adopted to minimize sampling bias. Farmers were selected randomly from
different villages. The first group of farmers who supply crop straw to middlemen was introduced by
village committees. Additional farmers were found through referrals by the first group of respondents
(snowball effect). During the first phase of the study, 50 farmers were interviewed: 15 from a
low-income village, 20 from a medium-income village, and 15 from a high-income village. The
questionnaire was piloted by presenting two questions regarding transaction costs (i.e., negotiation
and monitoring costs) to the respondents. After three pilot surveys, the questionnaire was modified
and administered to the participants in the next phase of the study. In this stage, 300 farmers answered
the questionnaires with assistance from the village committees. Out of the 300 questionnaires returned,
275 contained valid responses. The final sample was composed of 189 male and 86 female respondents.
The age of the respondents ranged from 35 to 79, with a median age bracket of 45 to 54.

To gain additional insights into the factors affecting risk perceptions, the possibility of transaction
cost reduction, and the willingness to supply straw, multiple regression analysis was conducted.
Table 2 describes the variables that were employed in the analysis.
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Table 2. Definition of variables.

Dependent Variables Description

Risk perception Respondent’s views on his/her likelihood of exposure to a risk situation, such as economic loss (from
1 = very low to 4 = very high)

Possibility of reducing
transaction costs

Respondent’s views on his/her confidence in lowering straw transaction costs on the basis of trust
(from 1 = strongly disagree to 5 = strongly agree)

Willingness to supply straw Respondent’s willingness to participate in straw supply activities (from 1 = strongly disagree to
5 = strongly agree)

Independent variables Description

Gender Dummy variable: 1 = male, 0 = otherwise

Age Age of respondent in years

Education Categorized as 1 = illiterate, 2 = primary school 1–2 years, 3 = primary school over 3 years, 4 = middle school,
5 = high school

Income Income in US dollars

Transparency Respondent’s trust in the transparency of middlemen (from 1 = the least trust to 5 = the most trust)

Equal treatment Respondent’s trust in equal treatment by middlemen (from 1 = the least trust to 5 = the most trust)

Competence in handling conflict Respondent’s trust in middlemen’s competence in handling conflict (from 1 = the least trust to
5 = the most trust)

Competence in helping others Respondent’s trust in middlemen’s competence in helping others (from 1 = the least trust to
5 = the most trust)

Credibility Respondents’ trust in middlemen’s credibility (from 1 = the least trust to 5 = the most trust)

Moral integrity Five variables on respondents’ trust in moral integrity: 1 = the least trust, 5 = the most trust

Care Respondent’s trust in middlemen’s caring attitude (from 1 = the least trust to 5 = the most trust)

Humble attitude Respondent’s trust in middlemen’s humble attitude (from 1 = the least trust to 5 = the most trust)

The survey results revealed that the farmers were divided with respect to views on straw
supply and that their risk perceptions were all related to middlemen’s behaviors (Figure 2). A
substantial proportion of the respondents perceived straw supply as highly risky, particularly in
terms of being cheated and earning little profit. Distrust factors were the most common drivers of
these risk perceptions, making distrust the direct cause of farmers’ low willingness to participate in
straw supply activities and their perception of such participation as risky. For example, the farmers
expressed concerns that their farmlands are being damaged and that middlemen may not clear their
lands, causing them extra costs. The farmers were also troubled by the possibility that middlemen will
not remit money to them after the latter have sold their straw.
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Figure 2. Perceived risks in relation to the selling of crop straw.

To determine what aspects the respondents trust and distrust, they were asked about their views
on farmers who supply straw to the biomass power plant. To help the respondents understand
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trust-related concepts, we provided a set of seven attributes that embody the three dimensions of
distrust and provided indicators for each attribute. These key dimensional attributes and indicators
of trust (Table 3) were referenced from Mishra [61], Braithwaite [62], Denhardt [18], Poortinga and
Pidgeon [22], and Mah et al. [23] and were adopted in the field survey.

Table 3. Key dimensions and indicators of distrust.

Dimensions of Distrust Attributes Indicators

Distrust in motives

Moral integrity The middleman is dishonest when trading with farmers.
Care The middleman does not consider farmers’ feelings when deciding on price.

Equal treatment The middleman looks down on poor farmers.
Humble attitude The middleman is disrespectful when trading with farmers.

Distrust in transparency Transparency The middleman is not open to farmers about the purchasing price of straw.
Credibility The middleman rarely fulfills his/her commitments.

Distrust in competence
Competence in

handling conflict The middleman cannot deal with conflict through a modest approach.

Competence in
helping others The middleman cannot help farmers.

In relation to trust in motives, more than half of the farmers disagreed that middlemen have a
humble attitude (52.7%), are competent in handling conflict (56.0%), provide equal treatment (57.8%),
and are transparent (57.5%). About half (52.7%) of the respondents disagreed that middlemen consider
their situation (“care” attribute), and 51.3% said that they cannot rely on middlemen to keep their
promises on the basis of their previous experiences with them (“credibility” attribute). In terms of the
“moral integrity” attribute, 45.5% of the respondents disagreed that middlemen are people of integrity,
and 34.9% exhibited a neutral stance on this matter (Figure 3).
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Chi-square tests were performed to assess whether socioeconomic characteristics significantly
differ between respondents who have varying levels of trust in middlemen. The results suggested that
education (p = 0.000) and annual income (p = 0.000) significantly differed across the four groups of
respondents with different trust levels (Table 4). As shown in Table 4, the farmers with a high level of
education exhibited high trust, whereas those with low education exhibited a low level of trust. Of
the respondents, 17% expressed distrust in middlemen, whereas 14% indicated that they feel they can
always trust middlemen. Several respondents stated that they can trust middlemen sometimes (40.0%)
or most of the time (29.0%).
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Table 4. Trust levels in relation to demographic characteristics.

Demographic Characteristic TRUST LEVEL

Distrust (%) Trust Sometimes (%) Trust Most of the Time (%) Always Trust (%)

Percentage of respondents 17.0 40.0 29.0 14.0

Gender (p = 0.968)

Female 22.0 37.0 27.0 14.0
Male 19.0 39.0 30.0 13.0

Education *** (p = 0.000)

Illiterate 38.0 55.0 7.00 0.00
Primary school 1–2 years 44.0 50.0 2.00 4.00

Primary school over 3 years 12.0 57.0 28.0 3.00
Middle school 4.00 16.0 56.0 24.0
High school 2.00 12.0 49.0 37.0

Age (p = 0.325)

35–44 13.0 30.0 39.0 18.0
45–55 16.0 37.0 32.0 15.0
>55 36.0 49.0 10.0 5.00

Annual income *** (p = 0.000)

Less than US$3,266 43.0 52.0 5.00 0.00
US$3267–US$5717 13.0 45.0 40.0 2.00

More than US$5718 0.00 13.0 42.0 45.0

Note: *** indicates <0.001 significance level in chi-square test.

The survey was also intended to study the extent to which trust level influences farmers’ risk
perceptions, the possibility that transaction costs will be reduced, and the farmers’ willingness to
supply straw (Figure 4a–c). Compared with the farmers with low trust, those with high trust levels
tended to exhibit low risk perceptions, a positive probability that they will reduce transaction costs,
and a strong willingness to supply straw. Figure 4d indicates that risk perception and the probability
that transaction costs will be reduced were negatively correlated.
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In line with the theoretical and empirical bases, we considered risk perception, the possibility that
transaction costs will be reduced, and farmers’ willingness to supply straw as the dependent variables
and regarded trust and trust factors as the independent variables. Some specific trust behaviors of
middlemen influenced fluctuation in the independent variables. As illustrated in Figure 4a–c, the
higher the farmers’ trust in middlemen, the lower their risk perceptions, the more positive their
possibility of reducing transaction costs, and the stronger their willingness to supply straw. Figure 4d
indicates clear relationships between farmers’ risk perceptions and the possibility of transaction cost
reduction. With consideration for these findings, we formulated the following hypotheses:

H1. Trust factors (integrity, care, equal treatment, humble attitude, transparency, credibility,
competence in handling conflict, and competence in helping others) have a direct positive relationship
with each of the dependent variables (risk perception, possibility of transaction cost reduction, and
willingness to supply straw) in the straw supply chain.

H2. A substantial level of trust leads to low risk perceptions, a strong willingness to supply straw,
and a high possibility of transaction cost reduction; high risk perceptions and a low possibility of
transaction cost reduction diminish farmers’ willingness to supply straw.

4. Results

The first hypothesis was tested by regression analysis conducted using SPSS 22.0 (IBM, Chicago,
IL, USA), and the second hypothesis was verified by path analysis using AMOS 21.0 (IBM, Chicago,
IL, USA).

4.1. Regression Analysis

Using a theory-based approach, we carried out multiple regression analysis to evaluate the extent
to which trust factors (i.e., transparency, equal treatment, competence in handling conflict, competence
in helping others, credibility, moral integrity, care, and humble attitude) explain and predict the
farmers’ risk perceptions, possibility of reducing transaction costs, and willingness to supply straw.
The results showed that risk perception was affected by demographics and trust attributes, both of
which explained 63.8% of the variance in risk perception, F(7, 267) = 70.046, p < 0.001, Adj. R2 = 0.638.
In relation to demographic factors, the farmers are more likely to perceive the risk in straw supply as
high if they have low income (Table 5). With regard to trust attributes, the results. The results also
indicated that a high transparency, equal treatment, competence in helping others, moral integrity,
care, and a humble attitude reduced risk perception:

Table 5. Regression of trust factors that influence risk perception, possibility of transaction cost
reduction, and willingness to supply straw.

Variable Risk Perception Possibility of Transaction
Cost Reduction Willingness to Supply Straw

No. of observations 275 275 275
Adjusted R-square 0.638 0.789 0.378

F-value 70.046 *** 171.393 *** 55.579 ***
Income –0.216 *** n.s. n.s.

Education n.s. n.s. 0.152 **
Transparency –0.095 * –0.085 ** n.s.

Equal treatment –0.132 * 0.124 ** n.s.
Competence in helping others –0.151 *** n.s. n.s.

Credibility n.s. 0.418 *** 0.246 ***
Moral integrity –0.114 * 0.389 *** 0.308 ***

Care –0.199 *** n.s. n.s.
Humble attitude –0.223 *** 0.113 ** n.s.

Notes: (1) Only significant variables are displayed in the table; (2) * p <0.05, ** p <0.01, *** p <0.001;
(3) n.s. = non-significant.



Energies 2017, 10, 1749 11 of 19

The beta weights revealed the significant effects of transparency, equal treatment, credibility,
moral integrity, and humble attitude on the possibility that lowering transaction costs will be reduced;
these attributes explained 78.9% of the variance in such possibility, F(6, 268) = 171.393, p < 0.001, Adj.
R2 = 0.789). Thus, decreased transparency and increased equal treatment, credibility, moral integrity,
and humble attitude were associated with a positive possibility that transaction costs will be reduced.

The regression modeling of the farmers’ willingness to supply straw indicated that education,
credibility, and moral integrity were significant predictors, accounting for 37.8% of the total variance in
the willingness to supply straw, F(3, 271) = 48.331, p < 0.001, Adj. R2 = 0.378. The higher the educational
level, credibility, and moral integrity, the higher the farmers’ willingness to supply straw.

4.2. Path Model

The estimation procedure of AMOS 21.0 was implemented to construct a path model for verifying
the second hypothesis. A comparison structural model that includes all the observed variables
(i.e., trust, risk perception, possibility of reducing transaction costs, and willingness to supply straw)
was also established. Mean values were used for the trust and risk perception variables. The goodness
of fit of the models was assessed using three practical fit indices: the comparative fit index (CFI), the
Tucker–Lewis index (TLI), and the root mean square error of approximation (RMSEA). In line with the
recommendations in [63], the cutoff values employed for these indices were CFI > 0.90, TLI > 0.95, and
RMSEA < 0.10 for good fit (<0.05 for very good fit) [64].

The chi-square value of the structure structural model was nonsignificant (χ2 (1) = 2.804, p = 0.094,
indicating no significant difference between the structural model and the model generated by the
computer (i.e., path model). The practical fit indices indicated good model fit for structural model
(CFI = 0.997, TLI = 0.982, RMSEA = 0.081). Figure 5 presents the structural model with standardized
path coefficients and significance levels. As expected, trust significantly predicted risk perception
and the possibility of transaction cost reduction. Risk perception negatively predicted the farmers’
willingness to supply straw, whereas the possibility of transaction cost reduction was positively
associated with such willingness. Trust did not directly and significantly predict the farmers’
willingness to supply straw.
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5. Discussion

In line with the vital role of trust in straw supply, we developed and tested two sociopsychological
models, namely, (1) the regression model of the relationship between trust factors and the farmers’ risk
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perceptions, possibility of reducing transaction costs, and willingness to supply straw and (2) the path
model of causal relationships.

5.1. Factors Affecting Risk Perception

The results showed that lack of trust was associated with high risk perception. Specifically, the
farmers’ lack of trust in middlemen’s provision of equal treatment, competence in helping others,
moral integrity, care, and humble attitude likely led to perceptions of great risks (Table 5). This
result is consistent with those of previous research on the relationship between risk perception and
trustworthiness in a nuclear power plant [23]. This result of this study also consistent with result
of study on public acceptance of recycled water, which indicated that higher trust associated with
lower perception of risk [65]. The trust factor that exerted the strongest influence on the likelihood of
high risk perception was humble attitude (i.e., whether the respondents perceive a good attitude and
respect as they trade with middlemen), followed by care. This finding may be attributed to the fact
that farmers, especially low-income farmers, consider themselves belonging to the bottom group of
society. They feel inferior to high-income individuals and desire to be respected by others. Our results
suggest that middlemen play a significant role in shaping farmers’ perceptions of risk in crop straw
supply and that they directly influence important ideas regarding risk management in cooperating
with farmers.

5.2. Factors Affecting the Possibility of Transaction Cost Reduction

The regression model verified whether trust and demographic factors explain the possibility that
transaction costs will be reduced in the straw supply process. Trust factors determined the possibility
that the farmers will reduce transaction costs but with a slightly different dynamic when compared
with the findings on risk perception. Demographic factors did not significantly predict the possibility of
transaction cost reduction, but both credibility and moral integrity were identified as strong predictors
of such possibility. This finding is consistent with those of previous studies in which trust factors
affected transaction costs [66,67]. However, in previous studies, quantities analysis was not conducted
to test the degree that trust factors influencing on transaction cost. As an exploring study, this study
quantified trust factors and possibility of lowering transaction cost.

A likely explanation for this result is that during the transaction process, farmers can clearly
remember middlemen’s behaviors, particularly whether they deceive farmers. Thus, credibility and
moral integrity are vital criteria for farmers in decisions regarding doing business with middlemen,
including those revolving around reducing transaction costs. Interestingly, transparency exerted
a negative effect on the possibility of transaction cost reduction. Farmers are empowered to
reduce transaction costs because China is a renqing (“relationship of mutual help and interest” or
“complementary relationship”) society. Brisk trading would provide middlemen with a good image
and increase farmers’ appreciation of them. In this case, a farmer helps a middleman obtain more
benefits. The middleman would then owe the farmer renqing. If the farmer asks the middleman
for help, then the middleman would be obligated to return the favor. People usually use renqing to
establish or extend their relationships.

5.3. Factors Affecting Willingness to Supply Straw

The farmers with a high level of education tended to exhibit a strong willingness to supply straw
(Table 4) possibly because such farmers are concerned about high environmental risk, which is one of
the important factors preventing them from burning straw on farmlands. The best way to deal with
excess straw in an environment-friendly manner is to sell it to middlemen. Generally, farmers with
high education earn high incomes and are thus minimally concerned about income from selling crop
straw. By contrast, farmers with low education have low perceptions of environmental risk. Their
only purpose for selling straw is to obtain economic benefits. When they feel that they cannot derive
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satisfactory profits from selling straw, their willingness to supply straw diminishes. Farmers who are
not concerned about environmental problems prefer to burn straw in an open field.

The farmers’ willingness to supply straw depended on their trust in middlemen’s credibility and
moral integrity (Table 5). The results showed that middlemen’s credibility, commitment, and integrity
toward the farmers significantly predicted their willingness to supply straw. Thus, credibility and
moral integrity were critical determinants of the quantity of straw supplied to the biomass power plant.
This implies that middlemen’s behaviors considerably affect farmers’ willingness to supply straw. That
is, farmers prefer to cooperate with middlemen who have high credibility and integrity. Although in
this study, we didn’t test the correlation between “price offered to farmers” and “farmers’ willingness
to supply straw”, because the price offered to farmers is so low that many farmers don’t care about that
amount of income from selling straw. The correlation between “price offered to farmers” and “farmers’
willingness to supply straw” may not strong. Instead, other factors related with farmers’ characteristics
and middlemen’s behavior have significant impact on farmers’ willingness to supply straw.

5.4. Relationships among Risk Perception, Possibility of Transaction Cost Reduction, Willingness to Supply
Straw, and Trust

The regression analysis result (as shown in Table 5, trust predicted the farmers’ risk perceptions to
a lesser extent than it did the possibility of transaction cost reduction (63.8% and 78.9%, respectively),
indicating that increasing trust can more effectively elevate the possibility of transaction cost reduction.
This is a new finding as previous studies focused mainly on the relationships among trust, risk
perception, and willingness. Siegrist et al., for example, demonstrated that when social trust is
controlled, the relationship between perceived risks and benefits diminishes [68], and Ross validated
the relationships among trust, risk perception, and the acceptance of recycled water [65]. No research
has probed into the associations among trust, the possibility of transaction cost reduction, and
the willingness to supply straw. A possible reason for this deficiency is that all transaction costs,
including negotiation and monitoring costs, are related to middlemen’s behaviors. Trust decreases
negotiation costs by fostering the type of cooperation in which actors quickly arrive at a resolution
rather than implement a tactical approach characterized by cautious and slow resolution [69]. Trust also
decreases monitoring costs as a result of each party’s confidence in the other’s performance [70]. This
phenomenon is consistent with previous studies in which trust was concluded as not only minimizing
transaction costs but also creating value in an exchange relationship [71–73]. Middlemen’s behaviors
affect farmers’ trust in them, which in turn, influence their decision to supply straw. Trust therefore
more strongly predicts the possibility of transaction cost reduction than risk perceptions.

With the path analysis via the structural model, we further investigated the causal relationships
among trust, risk perception, the possibility of transaction cost reduction, and the willingness to
supply straw. Although both risk perception and the possibility of transaction cost reduction equally
predicted the farmers’ willingness to supply straw, risk perceptions were related to a lesser extent
to such willingness than to the possibility of transaction cost reduction. This further emphasizes the
importance of middlemen’s trustworthy behaviors in straw-purchasing activities.

5.5. Model of the Influence of Trust

On the basis of the statistical analysis results, we established a model of the influence of trust on
farmers’ risk perceptions, possibility of transaction cost reduction, willingness to supply straw, and
demographic characteristics (Figure 6). The model provided the following insights: First, demographic
characteristic and trust factors affected the farmers’ risk perceptions and willingness to supply straw.
Second, a correlation existed between trust and demographic characteristics, risk perceptions, the
possibility of transaction cost reduction, and willingness to supply straw. The model also indicated that
demographic characteristics and trust factors influenced the farmers’ risk perceptions and willingness
to supply straw in different ways. The significant trust attributes differed among risk perceptions, the
possibility of transaction cost reduction, and the willingness to supply straw. Whereas care, a humble
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attitude, and competence in helping others influenced risk perception, credibility and moral integrity
affected the possibility that farmers will reduce transaction costs. Credibility and integrity also exerted
effects on the farmers’ motivation to engage in straw supply. These findings point to the significance
of trust in farmers’ decision making regarding cooperating with middlemen to supply straw.
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5.6. Interaction between Trust and Contracts Toward Maintaining Long-Term Relationships in the Straw
Supply Chain

Maintaining a long-term relationship necessitates both trust and contracts. A contract alone
cannot guarantee relationships that span a long-term horizon. Legal contracts create external control
intended to reduce opportunistic behaviors, while trust acts as a self-enforcing safeguard, which is a
more effective and less costly alternative to a formal contract [74]. In the Chinese market, trust and
contracts have a special relationship given the country’s culture and imperfect legal system. Guanxi
(“personal relationship”) serves as the prevailing principle that underlies the Chinese business culture.
A guanxi relationship emphasizes the role of trust and discounts the effects of contracts. Among
Chinese partners, trust is based on reciprocal, rather than contractual, obligation.

The importance of guanxi is visibly observed in the straw supply process. It is particularly
essential in villages because of the village culture of gossip and close relationships with neighbors.
Middlemen who cultivate guanxi with farmers can purchase straw at a cheaper price or acquire it for
free and easily maintain long-term relationships with them. This is reflected in the results derived by
Wang et al., who indicated that trust directly affects the orientation toward long-term relationships and
that no interaction effect is expected between trust and contractual obligation [75]. Transaction costs
are reduced because no negotiation takes place. Farmers trust middlemen and their risk perceptions
decrease, which increases their motivation to supply straw, as confirmed by our results. In this
situation, middlemen can conserve time in the straw collection process. A contract based on trust
guarantees the quantity of straw that middlemen collect annually. The biomass power plant can also
predict the quantity of raw materials that they receive on an annual basis.
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6. Policy Implications

This study puts forward policy recommendations concerning farmers’ willingness to supply
straw given that collecting a sufficient quantity of crop straw is critical to the development of biomass
power plants. To enhance farmers’ willingness to supply straw, the most effective approach would
be to increase the possibility that farmers will reduce transaction costs. Doing so necessitates that
middlemen improve their credibility and moral integrity. That is, middlemen must be committed to
their work as this dedication would directly enhance farmers’ willingness to supply straw. Reducing
risk perception is also important—a goal that can be achieved by enhancing the caring and humble
attitudes of middlemen and their competence in helping others. These attributes are important to
low-income farmers. The power plant operators can also enhance their caring attitude and competence
in helping others by understanding the risk perceptions of farmers, particularly those with low
incomes, and supporting middlemen by, for instance, increasing the price at which they purchase
straw from them. To guarantee the quantity of straw supply, middlemen and farmers should enter
into a contract. The contract can be built on trust, thereby enabling the parties to maintain a long-term
relationship informally and provide safeguards for reducing uncertainty in profit generation and
business operation.

Taken together, the results of this research present valuable empirical and theoretical contributions
to the current supply chain in the biomass industry of China by providing a comprehensive
conceptualization of trust factors and the relationships among trust, risk perception, possibility of
transaction cost reduction, and willingness to supply straw. This study highlights the importance of
trust factors in the straw supply chain. The findings also extend our understanding of the influence
exerted by the possibility of transaction cost reduction on the willingness of farmers to supply straw by
demonstrating that a positive possibility of cost reduction translates to high motivation for engagement.
Finally, our research revealed that in the straw supply chain, the behaviors of middlemen and support
from the power plant are critical to cultivating trusting relationships with farmers. In the future, formal
contracts will be needed as part of the development of the straw supply market.

7. Conclusions

This study derived four main findings with respect to improving farmers’ willingness to
supply straw. First, our analysis identified factors of trust that significantly influence farmers’ risk
perceptions, the possibility that they will reduce transaction costs, and their willingness to supply
straw. In particular, care, a humble attitude, and competence in helping others significantly affected
risk perceptions, whereas credibility and moral integrity significantly influenced the possibility
of transaction cost reduction. Credibility and moral integrity also strongly affected the farmers’
willingness to supply straw. Our findings suggest that middlemen need to direct as much attention to
building trust as that devoted to economic benefits as they communicate with farmers.

Second, we discovered that increasing trust exerted a greater effect on the possibility of transaction
cost reduction than on risk perception and willingness to supply straw. Previous research focused only
on the relationship between trust and risk perception.

Third, the structural model revealed that the possibility of transaction cost reduction more strongly
influenced the farmers’ willingness to supply straw than did risk perception. The second and third
insights indicate that as straw collectors, middlemen are principal mediators between the biomass
power plant and farmers. Altering the manner by which middlemen conduct themselves can effectively
enhance farmers’ trust in such agents.

Fourth, trust predicted risk perception and the possibility of transaction cost reduction—a finding
that helps clarify the process underlying the increase in farmers’ willingness to supply straw. Changing
middlemen’s behaviors, such as moral integrity and care, would increase farmers’ trust and thereby
mitigate risk perception and increase the possibility that farmers will reduce transaction costs. The
farmers’ motivation was predicted by both risk perception and the possibility of cost reduction. This
finding serves as a valuable reference for improving the straw supply process in China.
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This study intended to solve straw supply problem from phycology perspective. Although in the
biomass industry field, technology is still key point, software such as policy, regulation, relationship
are significant to improve the supply situation and cannot be neglected. Because farmers are the
suppliers for biomass power plant, this study focuses on increasing farmers’ motivation to supply
straw. This study contributes to solve biomass supply problem in rural area and gives enlightens for
policy and regulation making regarding biomass power industry development in China, that is farmer
group should be paid attention on in the biomass supply chain.

This study conducted from the psychological perspective. To analyze the whole industry is
necessary to fully understand the weakness and improvement aspects of this industry. Therefore,
future studies would focus on institutional analysis of biomass power industry to further develop
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