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ABSTRACT

Based on the field research data of 424 large-scale pig farmers in Zhejiang Province, this paper 
takes the biogas fermentation as the main adoption behaviour of pollution treatment, and make the 
quantitative analysis on the biogas investment intention and its influencing factors on large-scale pig 
farmers under the emission trading system. The research shows that the emission trading system 
can encourage large-scale pig farmers to adopt biogas fermentation to deal with pollution and make 
environmental protection investment for waste resources utilization, which mainly depends on the 
pig breeding scale, the biogas digesters purchased or not, the benefit evaluation of biogas fermentation 
and the biogas fermentation technology service existed or not, rather than environmental awareness. 
Therefore, it is feasible to introduce the emission trading system into the agricultural non-point source 
pollution control with pig breeding pollution as the typical example. For the pig breeding industry, 
emission trading can be transformed from the traditional redistribution of environmental capacity to the 
redistribution of production scale.

INTRODUCTION

Because privatization of public resource property right is 
difficult to operate, it is generally considered unfeasible to 
implement an emission trading system in the field of agri-
cultural non-point source pollution (Stiglitz 1989). In recent 
years, more and more scholars (Haiyu 2007, Zhiyong et al. 
2012, Weijun et al. 2013, Guangyue et al. 2014, Min et al. 
2017) have applied emission trading as an important econom-
ic means to control agricultural non-point source pollution, 
but they have not realized that environmental capacity is not 
easy to determine because different geographical, meteor-
ological and hydrological conditions have a great impact 
on pollution migration and transformation. Therefore, the 
emission trading system in the field of agricultural non-point 
source pollution cannot be based on environmental capacity 
allocation, but can only be implemented based on production 
scale allocation, that is, to control pollution from the source 
of production. Under the production pattern of large-scale pig 
breeding, as the main source of agricultural non-point source 
pollution, the pollution of pig breeding is different from that 
of chemical fertilizers and pesticides. It can be isolated from 
the production process and has the special applicability of 
the emission trading system.

However, can the emission trading system encourage 
large-scale pig farmers to invest in environmental protection? 
In the field of industrial point source pollution, some 

conclusions have been answered in the affirmative. 
This system enables enterprises to increase investment 
in environmental protection and invest excessively in 
pollution treatment technology under the expectation of 
higher emission trading price (Laffont et al. 1995, Yingde 
2012). Moreover, it can encourage enterprises to carry out 
technological innovation and reduce the unit cost of pollution 
treatment (Carlson et al. 2000). Of course, some contrary 
findings should not be ignored. The new environmental 
protection technology will reduce the marginal cost of 
pollution treatment of enterprises, leading to a decline in the 
emission trading price, and reducing the innovation income 
of enterprises. Therefore, enterprises are not strongly willing 
to invest in environmental protection under this system 
(Villegas-Palacio et al. 2009). Especially compared with 
environmental taxes and fees, if enterprises are short-sighted, 
the system will not significantly improve their willingness 
to invest in environmental protection (Milliman et al. 1989, 
Requate 1995, Requate et al. 2001, Requate et al. 2003).

We are committed to seeking the environmental protec-
tion investment intention of large-scale pig farmers under 
the emission trading system. Based on the field research 
data of 424 large-scale pig farmers in Zhejiang Province, the 
biogas fermentation is taken as the main adoption behaviour 
of pollution treatment, and the quantitative analysis is made 
on the biogas investment intention and its influencing factors 
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of large-scale pig farmers under the emission trading system. 
We aim to provide a realistic basis and lay an empirical 
foundation for introducing the emission trading system into 
the agricultural non-point source pollution control with pig 
breeding pollution as the typical example, to explore the 
corresponding analysis framework of property rights trading.

MATERIALS AND METHODS

Theoretical Framework

Compared with industrial point source emission trading, 
emission trading in pig breeding pollution control is essen-
tially a kind of scale right trading. There are three main rea-
sons. First, pig waste comes from a single production form, 
and the quantity of pollution can be controlled by adjusting 
the production scale spontaneously. Second, cultivated land 
is the main carrier of pig waste consumption environment, 
which has the exclusivity of private use in spatial distri-
bution. Third, the utilization of pig waste as resources has 
great potential, which can generate economic incentives for 
environmental protection. Therefore, for the pig breeding 
industry, emission trading can be transformed from the 
traditional redistribution of environmental capacity to the 
redistribution of production scale. This change makes the 
producers with low cost of emission reduction no longer sell 
emission rights, but buy scale rights to improve efficiency. 
Under this system, according to the established environ-
mental capacity standard, namely “the carrying capacity of 
livestock per 0.067 ha of cultivated land”, pig farmers with 
the ability to recycle wastes will buy scale rights and have 
strong willingness to invest in environmental protection, and 
pig farmers who cannot recycle wastes will sell scale rights 
and have a strong willingness to give up raising pigs when 
the average cost of production is higher than the average 
benefit of production.

We take biogas fermentation as the main way to recy-
cle pig waste. The willingness to invest in biogas facilities 
reflects the extent to which the emission trading system 
can enable pig farmers to consciously adopt environmental 
protection. Based on relevant literature (Xinyu 2007, Hao et 
al. 2008, Bin 2009, Yi et al. 2012) and combined with field 
investigation, we assume that large-scale pig farmers adopt 
biogas fermentation behaviour to deal with pollution and 
have scale economy, or at least no diseconomy of scale, and 
they have a certain willingness to invest in biogas facilities 
and are influenced by the eight factors including “large-scale 
pig farmer from other place or not”, “degree of education”, 
“amount of cultivated land”, “pig breeding scale”, “average 
annual income of raising pigs”, “biogas digesters purchased 
or not”, “benefit evaluation of biogas fermentation” and 
“Biogas fermentation technology service existed or not”.

Generally speaking, if the emission trading system is 
implemented, pig farmers may be willing to invest in biogas 
facilities for five reasons. First, due to the lack of cultivated 
land for pig farmers from other places or the shortage of sup-
porting cultivated land for local pig farmers, a large amount 
of pig waste cannot be effectively returned to cultivated land. 
Under environmental regulations, the scale of breeding must 
be expanded by purchasing scale rights, so as to realize the 
scale economy effect of pollution treatment. Second, pig 
farmers with higher education and strong environmental 
awareness tend to actively respond to the implementation of 
the emission trading system. Third, pig farmers have higher 
income or even need to expand the scale of breeding, but 
diseconomy of scale exists in pollution treatment. Fourth, 
pig farmers have purchased and built biogas digesters and 
are encouraged by the scale economy of pollution treatment, 
or have a higher evaluation of the benefits of biogas fermen-
tation, so they are more responsive to the implementation of 
emission trading system. Fifth, there are supporting services 
related to biogas fermentation technology around the pig 
farm, which can overcome the diseconomy of the scale of 
pollution treatment.

Model Building

Under the emission trading system, whether large-scale pig 
farmers are willing to invest in biogas facilities is a type 0-1 
dichotomous dependent variable. Hence we used the binary 
Logit model to estimate the relevant influencing factors. For 
the dependent variable “biogas investment intention”, a large-
scale pig farmer who had been willing to invest in biogas 
facilities was assigned a value of 1, while a large-scale pig 
farmer who had been unwilling to invest in biogas facilities 
was assigned a value of 0. The specific form of the binary 
Logit model is as follows:
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and “Biogas fermentation technology service existed or not”. 

Generally speaking, if the emission trading system is implemented, pig farmers may be 
willing to invest in biogas facilities for five reasons. First, due to the lack of cultivated land for pig 
farmers from other places or the shortage of supporting cultivated land for local pig farmers, a 
large amount of pig waste cannot be effectively returned to cultivated land. Under environmental 
regulations, the scale of breeding must be expanded by purchasing scale rights, so as to realize the 
scale economy effect of pollution treatment. Second, pig farmers with higher education and strong 
environmental awareness tend to actively respond to the implementation of the emission trading 
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Here, Ii is the probability that the i-th large-scale pig farmer is willing to invest in biogas facilities; 
Xki is the k-th influencing factor of the biogas investment intention of the i-th large-scale pig 
farmer; α0

 and αk are the corresponding regression coefficients; η is the random error. We set eight 
independent variables (Table 1). 
Table 1: Independent variables and their instructions. 

Independent Variables Symbol Instructions 

Large-scale pig farmer from another place or not X1 No=0, Yes=1 

Degree of education X2 
Years of academic education: Primary school =6, Middle school 

=9, High school =12, Junior college =15, Undergraduate =16 

Amount of cultivated land X3 A unit of 0.067 hectares 

 …(1)

Here, Ii is the probability that the i-th large-scale pig 
farmer is willing to invest in biogas facilities; Xki is the k-th 
influencing factor of the biogas investment intention of the 
i-th large-scale pig farmer; α0

 and αk are the corresponding 
regression coefficients; h is the random error. We set eight 
independent variables (Table 1).

RESULTS AND DISCUSSION

We took large-scale pig farmers as the survey objects. 
According to the regulations of China Animal Husbandry 
Yearbook, we took 50 pigs raised at the end of every year 
as the lower statistical limit of large-scale pig breeding and 
used the Conditional Value Assessment Method to explore 
large-scale pig farmers’ biogas investment intention under the 
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emission trading system. During 2018-2019, we distributed 
450 questionnaires to large-scale pig farmers in Hangzhou, 
Jiaxing, Ningbo, Quzhou and other areas in Zhejiang Prov-
ince. After information screening and reliability assessment, 
424 questionnaires were confirmed to be valid, accounting 
for 94.22%. The characteristics of survey data are shown in 
Table 2. The survey results show that: if the emission trading 
system is implemented, 94.81% (402 households) large-scale 
pig farmers are willing to invest in biogas facilities, while 
5.19% (22 households) large-scale pig farmers are not; 3.54% 
(15) large-scale pig farmers are willing to give up raising pigs 
completely, while 96.46% (409) farmers are not; among the 
large-scale pig farmers (22 households) unwilling to invest in 
biogas facilities, 68.18% (15 households) are willing to give 
up raising pigs completely, while 31.82% (7 households) are 
not. Therefore, it is practical to adopt biogas fermentation 
as the main behaviour of pollution treatment for large-scale 
pig farmers under the emission trading system.

We used STATA 11 statistical software to estimate the 
parameters of the binary Logit model with the maximum 
likelihood estimation method, and further screened the in-
dependent variables of the model by the stepwise forward 
regression method (the standard of P-value of all variables 
selected was set at 0.100). The results show that the regres-
sion equations are well fitted (Table 3).

If the emission trading system is implemented, the larger 
the pig breeding scale, the biogas digesters are purchased, the 

lower the benefit evaluation of biogas fermentation, and the 
biogas fermentation technology service is existed, the strong-
er the biogas investment intention for large-scale pig farmers 
will be, and a large-scale pig farmer from other place or not, 
the amount of cultivated land, the average annual income of 
raising pigs and the degree of education have no significant 
impact on large-scale pig farmers’ willingness to invest in 
biogas facilities. A large-scale pig farmer from other place 
or not, the amount of cultivated land and the average annual 
income of raising pigs are closely related to the pig breeding 
scale. With no cultivated land for the large-scale pig farmers 
from other places, insufficient supporting cultivated land for 
local farmers, and high average annual income of raising pigs, 
the expansion of pig breeding scale will be stimulated by 
purchasing scale rights under the of scale trading system. If 
the original pollution treatment behaviour exists diseconomy 
of scale, large-scale pig farmers will be willing to invest in 
biogas facilities. The biogas fermentation technology service 
existed is an important factor in the willingness to invest in 
biogas facilities for large-scale pig farmers and determines 
the extent to which they respond to the emission trading 
system. If large-scale pig farmers have already built biogas 
digesters, they may be motivated by the scale economy 
of pollution treatment and form behavioural inertia, thus 
actively responding to the implementation of the emission 
trading system, but this has nothing to do with the awareness 
of environmental protection determined by large-scale pig 

Table 1: Independent variables and their instructions.

Independent Variables Symbol Instructions

Large-scale pig farmer from another place or not X1 No = 0, Yes = 1

Degree of education X2 Years of academic education: Primary school = 6, Middle school = 9, 
High school = 12, Junior college = 15, Undergraduate = 16

Amount of cultivated land X3 A unit of 0.067 hectares

Pig breeding scale X4 The amount of pig raised at the end of every year

Average annual income of raising pigs X5 Ten thousand Yuan

Biogas digesters purchased or not X6 No = 0, Yes = 1

Benefit evaluation of biogas fermentation X7 Not very good = -1, Almost flat = 0, Very good = 1

Biogas fermentation technology service existed or not X8 No = 0, Yes = 1

Table 2: Characteristics of the survey data for large-scale pig farmers.

Independent Variables X1 X2 X3 X4 X5 X6 X7 X8

Maximum 1 16 16 2800 60 1 1 1

Minimum 0 0 0 50 2 0 -1 0

Mean 0.202 8 7.438 7 4.346 5 288.563 7 7.110 5 0.681 6 -0.761 8 0.75

Standard Deviation 0.402 6 3.285 6 2.272 9 404.995 2 3.986 5 0.466 4 0.448 1 0.433 5
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farmers’ own education level. Of course, some studies have 
highlighted the significance of environmental awareness. For 
example, Yi et al. (2012) believe that if pollution emission 
subsidy is implemented, pig farmers with higher education 
level are more likely to choose the disposal method of organic 
manure. Contrary to the theoretical expectation, it is not 
that the benefit evaluation of biogas fermentation is higher, 
large-scale pig farmers are willing to invest in biogas facili-
ties under the emission trading system. The reason is likely 
to be that the scale economy of biogas fermentation as the 
main adoption behaviour of pollution treatment can only be 
achieved when the pig breeding scale is expanded to a certain 
extent. However, under the emission trading system, it not 
only needs to increase production input but also may have the 
risk of bidding for scale rights, which may not be able to be 
borne by many small-scale pig farmers. Here, it can also be 
verified from the fact that the larger the pig breeding scale, 
the stronger the biogas investment intention.

CONCLUSION

The emission trading system can encourage large-scale pig 
farmers to adopt biogas fermentation to deal with pollution 
and make environmental protection investment for waste 
resources utilization. In response to the implementation 
of the emission trading system, large-scale pig farmers are 
willing to invest in biogas facilities, mainly depending on 
the pig breeding scale, the biogas digesters purchased or not, 
the benefit evaluation of biogas fermentation and the biogas 
fermentation technology service existed or not, rather than 
environmental awareness. Therefore, it is feasible to intro-
duce the emission trading system into the agricultural non-
point source pollution control with pig breeding pollution as 
the typical example. For the pig breeding industry, emission 
trading can be transformed from the traditional redistribution 
of environmental capacity to the redistribution of production 
scale. However, it is still urgent to investigate and confirm 

whether the adoption of biogas fermentation by large-scale 
pig farmers to deal with pollution does not exist diseconomy 
of scale. Only then can the system design be carried out from 
five aspects: environmental capacity standard, transaction 
operation mode, transaction price determination, public 
participation mode and supporting measures.
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