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Abstract
Recently, 90 tons of human waste per day are collected from private residences, offices, and public facilities in Da Nang City. Meanwhile, farmers in
this region have to allocate 10% - 20% of rice sales for purchasing chemical
fertilizer. Therefore, it is essential to be adopted more inexpensive organic fertilizer. To deal with these problems, Japan International Cooperation Agency
(JICA) has signed a contract with Da Nang city government about human
waste treatment and production of organic biomass liquid fertilizer (OBLF) in
2015. The aims of this project are to promote the use of OBLF in farming and
improve public awareness of environmental protection. 530 respondents were
interviewed at Hoa Vang districts of Da Nang city, and data was analyzed by
Contingent Valuation Method (CVM) under double bounded dichotomous
choice approach. The results have revealed that 436 respondents (82%) agreed
to use OBLF. The farmers’ WTP depends on factors including household income, experience in using organic fertilizer, awareness of environment and
training of organic fertilizer in the past. The estimated price for OBLF was
94,856 VND (4.0 USD)/ton. The cost that farmers paid for OBLF was lower
than that of current available chemical fertilizers in Da Nang city. This proves
that marketability seems to be existed for OBLF product in Da Nang city.
From these findings, the government should have policies to support and subsidize the farmers to encourage them to use OBLF in a large scale of cultivation. Furthermore, establishment of a market to consume the organic products harvested from cultivated areas using OBLF is also recommended.

Keywords
Contingent Valuation Method (CVM), Double-Bound Dichotomous Choice,
Organic Biomass Liquid Fertilizer (OBLF), Willingness to Pay (WTP), Marketability
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1. Introduction
Nowadays, developing countries, especially large cities with rapid urbanization,
are facing the problem of waste management, environmental protection and
food safety [1] [2]. In Da Nang city, the third largest and most developed city in
Vietnam, the city government also has encountered the major challenge of the
same situation. Recently, 90 tons of human waste per day are collected from
private residences, offices, and public facilities in Da Nang city. The current
treatment method is pouring human waste into the disposal compartments of
the landfill and handling the odor. However, irrigation canals located below the
human-waste treatment plants cause serious environmental problems such as
foul odor, mass generation of mosquitos and flies [3]. The problem of waste
management, waste treatment and environmental pollution in term of air, soil
and ecological system needs to be addressed.
In agricultural production, chemical fertilizers and pesticides have contributed significantly to increased crop yields. However, due to the prolonged and
heavy usage of chemical fertilizers and pesticides, soil quality was degraded
causing low yield and pour qualitative products. To minimize the adverse effects
of conventional farming, organic agriculture production has been gaining familiarity as an organic and plant nutritional soil supplement [4]. The fact that
consumers strongly concerned about the importance of health and safety food
choice was well documented in the literature [5]-[10]. Statistical data from previous study indicated that 135 countries in the world already conducted organic
farming model including Vietnam [11]. In Europe, government policies aim to
stimulate the organic sector through subsidies for agriculture producers, consumer education, and support in the form of research, education and marketing
[12]. At present, researchers together with farmers are concerning about natural
farming sources such as human waste and animal waste to produce organic fertilizer for agricultural production. Application of human urine has been gaining
popularities as a fertilizer in selected countries for agricultural practices
[13]-[21].
However, Da Nang City has not taken advantages of this source from human
waste because of limited technology. Meanwhile, the local farmers have to pay
very high cost for fertilizer, especially chemical fertilizers. Every year, all Vietnamese farmers spend 110 thousand billion VND (̴̴5 billion USD) for purchasing
fertilizer every year [22]. According to statistical data, about 1666 tons of chemical fertilizer and 4.3 tons of pesticides per year were applied in Da Nang city
[23]. Additionally, rice-crop farmers have less income than urban residents, and
moreover, they have to allocate 10% - 20% of rice sales for purchasing chemical
fertilizer [3]. The environmental friendly agricultural production, combined
with the consumer’s desire for safe food containing no synthetic chemicals is
needed for a sustainable agriculture.
In recent years, Da Nang city is shifting commercial agricultural production
into organic production by applying organic fertilizers to produce safe and quaDOI: 10.4236/jep.2017.811083
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litative products [24]. In March, 2015, the municipal People’s Committee of Da
Nang, Japan International Co-operation Agency (JICA) and Chikujo Town’s
mayor had a discussion to give the best solution for Da Nang city in recycling
human waste. Subsequently, the project on “Recycling organic waste into organic biomass liquid fertilizer for clean and environmentally friendly agricultural
production in Da Nang, Vietnam” was contracted. The aims of this project are
to promote the use of organic liquid fertilizer in farming and improve public
awareness of environmental protection through supporting farmers to turn human waste into organic liquid fertilizer for farming at low prices, and migrating
environmental contamination in irrigation channels caused by human waste
treatment facilities [25]. This is the first project in Vietnam for OBLF production
from human waste treated by auto thermal thermophilic aerobic treatment
(ATAT) technology of Japan [26].
Since it is a completely new product, evaluation of this product’s price on the
market is very important, and the sustainability of an agribusiness product requires that the willingness to pay (WTP) for it by target consumers is ensured.
Thus, the contingent valuation method (CVM) with double-bounded dichotomous choice technique was used in this study. The CVM is one of the standard
approaches for valuing non-marketed resources, such as recreation, wildlife, and
environmental quality [27]. Willingness to pay for a product is the amount of
money which a consumer would be willing to pay for a higher level of environmental or commodity quality. According some previous studies [28] [29] [30]
[2], socio-economic characteristic such as age, education, gender, household income and experience of using compost were used to determine the influence on
farmer’s willingness to pay (WTP) for compost made from organic and animal
waste. However, awareness of environment and training factor seem to be not
discussed yet in study of WTP for organic fertilizer product.
Therefore, in this study we want to use the combination of all above factors to
estimate WTP and also to investigate factors affecting WTP toward OBLF from
human waste in Da Nang city of Vietnam. In addition, we also determined
whether marketability of OBLF exists or not in Da Nang city.

2. Methodology
2.1. Analytical Techniques
The double-bounded dichotomous choice (DBDC) method given by [27] is used
to estimate the WTP for OBLF and factors that affect to the local farmer’s purchasing decision. In this approach each interviewee has to give answers for two
levels of bid, where the second bid is decided based on the reaction in the first
bid. If the individual responds “yes” to the first bid, the second bid (to be denoted Biu ) is some amount greater than the first bid ( Bi < Biu ); if the individual responds “no” to the first bid, the second bid ( Bid ) is some amount smaller
than the first bid ( Bid < Bi ). There are four possible outcomes: a) both answers
are “yes”; b) both answers are “no”; c) a “yes” followed by a “no”; and d) a “no”
DOI: 10.4236/jep.2017.811083
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followed by a “yes.” The likelihoods of these outcomes are π yy , π nn , π yn , and
π ny , respectively. Under the assumption of a utility maximizing respondent, the
formulas for these likelihoods are as follows. In the first case, we have Biu > Bi
and

π yy ( Bi , Biu ) =
Pr {Bi ≤ max WTP and Biu ≤ max WTP}

{
} {
=
Pr {B ≤ max WTP} =
1 − G ( B ,θ )
B > B , Pr {B ≤ max WTP B ≤ max WTP} ≡ 1 .
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When a “yes” is followed by a “no”, we have Biu > Bi and

π yn ( Bi , Biu )= Pr {Bi ≤ max WTP ≤ Biu }= G ( Biu , θ ) − G ( Bi , θ )

and when a “no” is followed by a “yes”, we have Bid < Bi and

π ny ( Bi , Bid )= Pr {Bi > max WTP and ≥ Bid }= G ( Bi , θ ) − G ( Bid ,θ )

Given a sample of N respondents, where Bi , Biu and Bid are bids used for
the ith respondent, the log-likelihood function takes form
ln LD (θ )
=

∑ {diyy lnπ yy (Bi ,Biu )+ dinn lnπ nn (Bi ,Bid )
N

i= 1

(

)

+ diyn lnπ yn Bi ,Biu + d?iny

π ny (Bi Bid

)}

where diyy , dinn , diyn , diny are binary-valued indicator variables; the doublebounded dichotomous choice model is estimated using log-normal and log-logistic
model.

(

Mean ( WTP ) = ∫L 1 + e
U

(

)
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where 1 + e −( β0 + β1 log T + β2 X )
is the probability of saying “yes”. T = bid, U and L
are the upper and lower limits of the integration.

 − β − β2 X 
Median ( WTP ) = exp  0



β1





In which β 0 , β1 and β 2 are estimated parameters, X = mean of socioeconomics variables.In this study, zero protest bid was screened out and eliminated from empirical model. Finally, estimation of parameters was carried out
using the LIMDEP software (NLOGIT version 5).

2.2. Study Area
Da Nang city is located on the Eastern Sea coast, midway between Ha Noi and
Ho Chi Minh City and the largest city of Central Vietnam. The terrain of Da
Nang includes main lands and islands. The mainland lies from 15˚55’ to 16˚14’
north latitude and from 107˚18’ to 108˚20’ east longitude. The population of this
DOI: 10.4236/jep.2017.811083
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city now is 1,028,800 people. Total area is 1285.4 km2 including 6 wards (Hai
Chau, Thanh Khe, Son Tra, Ngu Hanh Son, Lien Chieu, Cam Le) and 2 districts
(Hoa Vang and Hoang Sa) [31]. Area for agricultural production is 721.30 km2,
and mostly distributes in Hoa Vang district [23]. Among 11 communes of Hoa
Vang district, four communes (Hoa Nhon, Hoa Phong, Hoa Tien and Hoa
Khuong) possess largest area of agricultural production. These areas basically
produce and supply rice, vegetable and crops for Da Nang city. Hoa Khuong
commune is located in the West of Hoa Vang district. The natural area of this
commune is 5088.2 ha, in which 4023.8 ha is agricultural land (79.08%). Hoa
Tien commune is placed in the Southeast of Hoa Vang district and 13 km far from
the center of Da Nang city. The total area of this commune is 1394 ha including 807
ha agricultural area. Hoa Phong commune is located at the administrative center of
Hoa Vang district with total area of 1859 ha, in which agricultural area occupies
about 30%. The last commune in the study area is Hoa Nhon commune which is
located in the North of Hoa Vang district. The total area of Hoa Nhon commune
is 3259 ha including 2415.2 ha of agricultural land (74.1%) [32].
In recent years, Da Nang city, especially Hoa Vang district, is shifting commercial agricultural production into organic production by applying organic fertilizers to produce safe and qualitative products [24]. Thus, this study was conducted at these four villages of Hoa Vang district for data collection (Figure 1).

2.3. Sampling
A face-to-face interview with local farmer was under taken at four communes

Figure 1. Map of study area in Da Nang city. 1: Hoa Nhon commune, 2: Hoa Phong commune, 3: Hoa Khuong commune, 4: Hoa
Tien commune.
DOI: 10.4236/jep.2017.811083
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including Hoa Nhon, Hoa Phong, Hoa Tien and Hoa Khuong in September to
October, 2016 and January, 2017. In total of 530 respondents, 436 respondents
(82%) were willing to pay for OBLF whereas 94 respondents (18%) were not
willing to pay. Clearly, the percentage of households willing to pay for OBLF is
very high in Da Nang city. Similar results of high level of willingness to pay for
organic fertilizer was found by researches in difference countries, where percentage of respondents willing to pay for organic fertilizers such as compost was
above 70% [29] [33]. Questionnaires were designed by conducting a pre-test
with 30 respondents randomly. The purposes of this test were to help the respondent understanding the content of questionnaire and to decide the format
bid starting point to estimate the range of OBLF’s price. Based on the result of
pre-test, the questionnaire was revised again and the official one was designed
for a main survey. The main survey was divided into two periods: September,
2016 and January, 2017. In total of 530 samples, only 436 (83%) were valid and
could be used for further analyses. Firstly, the demographic information of respondents (name, age, gender, education level etc.), the information about their
experience of organic fertilizer utilization and participating in organic fertilizer
training were asked. Secondly, the information about agricultural production
status of households, such as cultivated area, major crops, yield, annual income
and benefit from agricultural production, cultivated expenses and chemical fertilizer utilization (type of fertilizer, fertilizer’s cost and amount of fertilizer using
for a hectare) was collected. Finally, a summary of current status of chemical fertilizer overuse, its harmfulness and impact on agricultural production was given.
Furthermore, the information and advantages of OBLF were introduced to the
respondents to help them more understand the questions regarding to WTP for
OBLF. Nine pieces of paper were prepared, in which numbers from 1 to 9 were
marked follow nine difference bidding version are 10,000 VND to 160,000 VND
in Table 1. These nine numbers correspond to nine questions about bid levels. A
Table 1. Offer price of the double-bounded CVM.
Unit: 1000 VNDa
First bid

Second higher bid

Second Lower bid

10

20

5

20

30

10

30

40

20

40

60

30

60

80

40

80

100

60

100

130

80

130

160

100

160

190

130

Note. a1USD = 22,365 VND in 2016, at the time of the study.
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respondent will choose one of nine numbers randomly, and answer the corresponded question (See the section of CVM question for more detail in the Appendix A).

3. Results and Discussion
3.1. Situation of Chemical Fertilizer Usage in Hoa Vang District, Da
Nang City
Recently most of farmers in Hoa Vang district are using chemical fertilizers for
agricultural production as the main input. Table 2 indicates the cost of chemical
fertilizer usage in agricultural production. It can be seen that farmers purchased
more for compound (NPK) and nitrogen fertilizers for staple crops.
For vegetable production, they paid higher expense for compound (NPK) and
phosphate fertilizers. In total, farmers spent 6,262,000 VND (280 USD)/ha and
16,366,000 VND (732 USD) for chemical fertilizer in staple crop and vegetables
production, respectively.

3.2. Socio Demographic Characteristics of Respondents
and Variables
Table 3 presents the socio-demographic characteristics of the respondents. Regarding to household income, the farmers averagely earned 52,493,000 VND per
year. The mean actual age of the respondents was from 51 to 60 years old, and
about 63% of respondents were female. The high percentage of female respondents may due to the fact that Vietnamese women dominated all parts of agricultural production while men work for other heavier jobs such as builders or
workers to earn more income.
The educational background of the respondents showed that most respondents had under high school education (85%). Only 15% of respondents showed
higher educational background. Regarding to household size, the average
household members was 2.88 people. The result of farm size of respondents indicated that farmers owned average cultivated areas of 0.27 hectare. For respondents who had experience in organic fertilizer utilization, 87% of them agreed to
purchase and use OBLF in the near future. For those who participated in organic
fertilizer training by village’s agricultural extension center, 49% of respondents
were willing to purchase for this product. In addition, 83% of respondents who
had consciousness in environmental protection agreed to buy OBLF.
Table 2. Cost of chemical fertilizer usage in agricultural production (1000 VNDa).
Cultivation crops

Kind of chemical fertilizer (thousand VND/ha)
Nitrogen Phosphate

Potassium

Compound (NPK)

Others

Total cost

Staple crops

1563

647

560

2783

708

6262

Vegetables

1561

2676

792

10,116

1221

16,366

Note: 1USD = 22,365 VND in 2016, at the time of the study. Source: Own estimates, data available from
the authors
a
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Table 3. Description of socio demographic characteristics.
Variables name

Description

Mean Std. Dev

Household Income Annual household income in year (million VND/year)

52.49

45.03

Gender (1 = Male; 0 = Female)

0.37

0.48

Age

Age of respondent (1 = below 40; 2 = 41 - 50; 3 = 51 - 60. 4
= 61 - 70; 5 = over 70)

3.05

1.06

Education

Level of education (1 = high school and higher; 0 = Under
high school)

0.15

0.36

Household size

Household size of the respondent, i.e., total no. of people
living in respondent’s household

2.88

1.10

Farm size

Total area used for crop cultivation (unit: ha)

0.27

0.23

Experience

Experience of using organic fertilizer (1 = Experience; 0 =
No experience)

0.87

0.34

Awareness

Awareness of environment (1 if farmers have awareness of
environment; 0 if otherwise)

0.83

0.38

Training

Participate in the training about fertilizer usage and cultivation methods (1 = Yes; 0 = No)

0.49

0.50

Gender

3.3. Willingness to Pay of Respondents
Table 4 shows the probability of answering “yes” response to first bid (FB) and
second high bid (SHB) ranged from 96.55% for 10,000 VND to 5.13% for
160,000 VND. The proportion of “yes” responses to FB and “no” responses to
SHB for 10,000 VND and 160,000 VND was 3.45% and 7.69%, respectively.
In the case two proportion of responses to FB and SLB. Respondents answered
“no” at FB and “yes” at SLB ranged from 0% for 10,000 VND to 17.95% for
160,000 VND. Proportion of “no” responses to FB and “no” SLB ranged from
0% for 10,000VND to 69.23% for 160,000VND.
In addition, the respondents answered for WTP questions following the bids.
In detail, percentage of respondents for “yes—yes” answer was 59.86%, for
“yes—no” answer was 14.68% answer. Percentage of “no—yes” and “no—no”
answers was 5.5% and 19.95%, respectively.

3.4. Estimate of WTP for OBLF
Table 5 indicates the estimated coefficients in the model which was estimated
using maximum likelihood estimation with the NLOGIT 5 econometrics software. The log-logistic model is estimated using two models. In detail, all variables and only statistically significant variables were tested in model 1 and
model 2, respectively. After testing, all of the significant variables in model 1 are
still significant in model 2. In addition, all dependent variables have tested correlation and multicollinearity through Variance Inflation Factors (VIF). The result shows all correlations are less than 0.4 and all VIF values were less than 10.
This implies that multicollinearity among combinations of independent variables was not a problem (Table B1 and Table B2 in Appendix B).
DOI: 10.4236/jep.2017.811083
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Table 4. Summary of respondents answer the WTP (1000 VNDa).
First bid (FB) and
Second high bid (SHB)

First
Bid
(VND)

yes—yes

First bid (FB) and
Second low bid (SLB)

yes—no

no—yes

no—no

Observations

Number Percent% Number Percent% Number Percent% Number Percent%
10

56

96.55

2

3.45

0

0.00

0

0.00

58

20

58

95.08

3

4.92

0

0.00

0

0.00

61

30

44

88.00

3

6.00

2

4.00

1

2.00

50

40

46

83.64

8

14.54

0

0.00

1

1.82

55

60

24

53.33

15

33.33

1

2.22

5

11.11

45

80

16

34.78

21

45.65

6

13.04

3

6.52

46

100

8

19.05

5

11.90

5

11.90

24

57.14

42

130

7

17.50

4

10.00

3

7.50

26

65.00

40

160

2

5.13

3

7.69

7

17.95

27

69.23

39

Total

261

59.86 b

64

14.68 b

24

5.50b

87

19.95 b

436

Note: 1USD = 22,365 VND in 2016, at the time of the study. percent (%) = (Number/Observations) × 100.
a

b

Table 5. Determinants of WTP functions.
Model 1 (all variables)
Model 2 (statistically significant only)
Constant and Explanatory
variables
Estimated Coefficient z-value Estimated Coefficient
z-value

Constant

10.73

***

4.69

11.04

***

5.59

Household Income

0.28

**

2.15

0.23

**

2.11

Gender

0.38

1.39

Age

0.20

0.14

Education

0.05

0.14

Household member

−0.08

-0.57

Farm size

−0.60

-0.79

Experience - UOF

1.31

***

2.91

1.18

***

2.75

Awareness

1.26

***

3.54

1.21

***

3.63

Training

0.59

**

2.26

0.61

**

2.37

Bid effect coefficient

−3.99

***

−13.72

−3.90

***

−14.20

Log Likelihood

−293.40

−295.37

Mean

a

94,345

94,856

Median

87,447

87,749

Note: unit: VND. ***, **, *, significant at 1%, 5%, 10%. Source: Author’s estimation.
a

However, the log likelihood ratio (LR) statistic is highly statistically significant.
The sign of all coefficients of variables in the model is consistent with the intuition. The result of estimation shows that Bid effect coefficient, household income, awareness of environment, experience of using organics fertilizer and
DOI: 10.4236/jep.2017.811083

1362

Journal of Environmental Protection

B. X. Hong et al.

training are the factors that determine the households’ decision of whether to
pay or not to pay for OBLF.
Bid effect coefficient variable (−3.99 in model 1 and −3.90 in model 2) has a
negative significant difference at 1%; revealing that an increase in bid amount
could reduce the “yes” response and the existence of the willingness to pay for
OBLF (Table 5). This result is consistency with other studies by [34] [35] [36].
Household income variable was positive and significant at 5%. This indicates
that as the income of the respondent increases, the WTP for OBLF is likely to be
increased. This result is consistency with researches of [2] [37] [34] [36] [38].
The variable of experience of using organics fertilizer has estimated
co-efficiency of 1.31 in model 1 and 1.18 in model 2, and high positive significant difference at 1%. This means respondents who have experience of using organic fertilizer in the past and know well about advantages of organic fertilizer
are more likely to adopt and pay for improving farming techniques easier and
faster than limited experience ones. This result is agreed with researches of [28]
(0.1080 at 10%) and [29] (3.737 at 1%).
Awareness variable (1.26 in model 1 and 1.28 in model 2) was positive significant at 1%. This means the respondents who have consciousness in environmental protection are willing to pay for environmental friendly products and
may enhance critical evaluation of the relevance of better products than commercial ones. In the researches of [28] [29] [30] [2], the variable of awareness
about environment have not been discussed yet. In the study on estimating urban households’ WTP for upland forest restoration in Vietnam, however, [39]
indicated that environmental awareness strongly affected to households’ decision on purchasing for environmental protection service to protect upland forest.
Environmental awareness is one of the most important indicators for displaying
national civilization. It reflects many aspects of environmental status, such as
people’s knowledge, personal consideration and behavior, public capacity, and
the local citizens’ attitude towards sustainable society in general. In our study,
awareness of environment towards sustainable agriculture by using organic inputs.
Training variable also shows positive significant at the 5%. Nowadays in rural
areas of Vietnam, agricultural extension activities are very popular and meaningful for farmers by giving a lecture about new organic products (organic fertilizer) or training of farming methods. Thus, in this study the respondents who
have been already trained for organic fertilizer utilization and cultivation method are willing to pay for OBLF product. This result is consistency with a research of [40]. In their research on the “Adoption of organic farming in Thai
Mahasarakham province”, they found that the training variable was positive and
significant at 5%. They explained that the farmers who had attended the training
courses on organic vegetable farming (OVF) and organic fertilizer production
had the tendency towards growing organic vegetables. Although the main purpose of the training programs is enhance the farmers’ capability in OVF, the
participants are also made aware of benefits for health and finance from raising
DOI: 10.4236/jep.2017.811083
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organic vegetables. Therefore, the training courses play the important and vital
catalytic role in the adoption of new techniques and new organic products as
well.
Finally, the mean WTP of OBLF from human waste was estimated to be
94,856 VND/Ton (4.0 USD/Ton). However, it is not the cost from producers
based on production expenses. To determine the marketability exist of OBLF in
Da Nang city, we hypothesized that above estimated price was the price of OBLF
in the future market, and it has been used to compare to the cost of chemical fertilizer usage in Da Nang city.

3.5. Comparison between the Cost of Chemical Fertilizers and
Organic Biomass Liquid Fertilizer Usage
According to a report of JICA project in Da Nang city, the amount of fertilizer
applied to one hectare of staple crops was 56 tons and for vegetables was 115
tons based on nutrient composition and percentages of N, P and K compound in
OBLF [41]. Using the results shown in Table 2, Table 6 shows the cost comparison between the two types of fertilizers applying for staple crops and vegetables.
It can be seen that if farmers use OBLF for production, the cost will be cheaper
than that of chemical fertilizers. In detailed, for one hectare of staple crop production farmers have to pay 6,262,000 VND (280 USD) while the cost for OBLF
was only 5,311,936 VND/crop/ha (237.21 USD). For vegetables production,
16,366,000 VND/ha/Crop (732 USD) was the cost for chemical fertilizer usage
but only 10,908,440 VND/ha/Crop (487.75 USD) was purchased by farmers if
they use OBLF as input. This proves that marketability seems to be existed for
OBLF product in Da Nang city.

4. Conclusions
This study assessed the factor affecting to willingness of farmers to pay for OBLF.
Using CMV double-bound method, the results have revealed that the most important factors strongly determining the WTP of the farmers were household
income, experience of using organic fertilizer, awareness of environment and
participation in organic product training. The estimated mean WTP for each ton
OBLF from human waste was 94,856 VND (4.0 USD). By comparison with current available chemical fertilizer, the expense for purchasing OBLF in agricultural production such as staple crops or vegetables was much cheaper than that of
chemical fertilizers. Thus, marketability seems to be existed for OBLF in Da
Table 6. Cost of chemical fertilizer and OBLF usage for staple crops and vegetables (1000
VNDa).
Crops cultivation

Chemical fertilizer/crop/ha

Organic biomass liquid fertilizer/crop/ha

Staple crops

6,262,000 VND (280 USD)

5,311,936 VND (237.21 USD)

Vegetables

16,366,000 VND (732USD)

10,908,440 VND (487.75 USD)

Note: a1USD = 22,365 VND in 2016, at the time of the study.
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Nang city. From these results, farmers in Da Nang city will be likely to more
concern about environmental protection and change their thinking that sustainable agriculture only exists when agriculture practices shifted into organic
farming using environment-friendly products such as OBLF from human waste.
In addition, from the estimated price of OBLF we also recommend the fertilizer
producers to refer this price when they sale this product in the market.
Because organic farming using organic fertilizer has benefits in improving soil
tillage and productivity along with environment, the government should have
policies to support and subsidize the farmers to encourage them to use OBLF in
a large scale of cultivation. Furthermore, establishment of a market to consume
the organic products harvested from cultivated areas using OBLF is also recommended.
In addition, environmental education should also be concerned, and lecture
about recycling of human waste should be organized not only for farmers but
also for young people such as students of elementary, secondary and high
schools. This will help them to understand more about the importance of environment in sustainable agriculture production.

Acknowledgements
The authors wish to thank Da Nang Institute for Socio-economic Development
(DISED), Da Nang Urban Environment Company LTD, Hoa Vang Agriculture
and Rural Development Department, General Statistic Office of Hoa vang District and all the respondents who participated in this study. The authors are also
grateful to staffs of Hoa Tien Commune, Hoa Khuong Commune, Hoa Phong
Commune and Hoa Tien Commune for their kind help during author’s surveys
in Da Nang City. Finally, author is grateful to JICA, Laboratory of Environmental Economic, and Kyushu University for supporting and providing facilities to
conduct the research.

References

DOI: 10.4236/jep.2017.811083

[1]

Drechsel, P and Kunze, D. (2001) Waste Composting for Urban and Peri-Urban
Agriculture: Closing The Rural-Urban Nutrient Cycle in Sub-Saharan Africa, Colombo, Sri Lanka: International Water Management Institute (IWMI). FAO, Rome,
Wallingford, 55-58. https://doi.org/10.1079/9780851995489.0000

[2]

Agyekum, E.O., Ohere-Yankyera, K.., Keraita, B., Fialor, S.C., and Abaidoo, R.C.
(2014) Willingness to Pay for Food Faced Compost by Farmers in Southern Ghana.
Journal of Economics and Sustainable Development, 5, 18-25.

[3]

Japan International Cooperation Agency (JICA) (2014) Project Outline.
https://www.jica.go.jp/vietnam/english/activities/c8h0vm00004cfemz-att/GC_81.pd
f

[4]

Stratton, M.L., Barker, A.V. and Rechcigl, J.E. (1995) Compost In: Rechcigl, J.E.,
Ed., Soil Amendments and Environmental Quality. Lewis Publishers, New York.

[5]

Jolly, D., Schutz, H., Diez-Knauf, K. and Johal, J. (1989) Organic Foods: Consumer
Attitudes and Use. Food Technology, 43, 61-66.

[6]

Jordan, J.L. and Elnaghebb, A.H. (1991) Public Perception of Food Safety. Journal of
1365

Journal of Environmental Protection

B. X. Hong et al.

Food Distribution Research, 22, 13-22.
[7]

Baker, A. and Crosbie, P (1993) Measuring Food Safety Preferences: Identifying
Consumer Segments. Journal of Agricultural and Resource Economics, 18, 277-287.

[8]

Grunert, S. and Juhl, J.H. (1995) Values, Environmental Attitudes, and Buying of
Organic Foods. Journal of Economic Psychology, 16, 39-62.
https://doi.org/10.1016/0167-4870(94)00034-8

[9]

Kleijn, E.H.J.M., Borgstein, A., de Jager, M.D. and Zimmermann, H.K.L. (1996) Enlarging the Market for Horticultural Organics in the Netherlands. Acta Horticulturae, 391, 143-151.

[10] Viaene, J. and Gellynck, X. (1996) Consumer Behavior towards Light Products in
Belgium. 47th EAAE Seminar, Wageningen, March 1996.
[11] Willer, H. and Lernound, J. (2016) Organic Agriculture Worldwide 2016: Current Statistics. http://orgprints.org/29790/13/willer-lernoud-2016-global-data-biofach.pdf
[12] Yadav, S.K., Babu, S., Yadav, M.K., Singh, K., Yadav, G.S. and Pal S. (2013) A Review of Organic Farming for Sustainable Agriculture in Northern India. International Journal of Agronomy, 2013, Article ID: 718145.
[13] Kirchmann, H. and Pettersson, S. (1995) Human Urine-Chemical Composition and
Fertilizer Efficiency. Fertilizer Research, 40, 149-154.
https://doi.org/10.1007/BF00750100
[14] Matsui, S. (1997) Night Soil Collection and Treatment, Japanese Practice and Suggestion for Sanitation of Other Areas of the Globe. The Sida Sanitation Workshop,
Balingsholm, 6-9 August 1997, Sida Report No. 9.
[15] Maurer, M., Schwegler, P. and Larsen, T.A. (2003) Nutrients in Urine: Energetic
Aspects of Removal and Recovery. Water Science and Technology, 48, 37-46.
[16] Rodhe, L., Richert, S.A. and Steineck, S. (2004) Ammonia Emissions after Application of Human Urine to Clay Soil for Barley Growth. Nutrient Cycling in Agroecosystems, 68, 191-198. https://doi.org/10.1023/B:FRES.0000019046.10885.ee
[17] Heinonen-Tanski, H. and Wijk-Sijbesma, C.V. (2005) Human Excreta for Plant
Production. Bioresource Technology, 96, 403-411.
[18] Fatunbi, A.O. (2009) Suitability of Human Urine Enriched Compost as Horticultural Growing Medium. World Applied Sciences Journal, 6, 637-643.
[19] Sridevi, G., Srinivasamurthy, C.A., Bhaskar, S. and Viswanath, S. (2009) Evaluation
of Source Separated Human Urine (ALW) as a Source of Nutrients for Banana Cultivation and Impact on Quality Parameter. ARPN Journal of Agricultural and Biological Science, 4, 44-48.
[20] Winker, M., Vinnerås, B., Muskolus, A., Arnold, U. and Clemens, J. (2009) Fertilizer Products from New Sanitation Systems: Their Potential Values and Risks. Bioresource Technology, 100, 4090-4096.
[21] Winker, M., Clemens, J., Reich, M., Gulyas, H. and Otterpohl, R. (2010) Ryegrass
Uptake of Carbamazepine and Ibuprofen Applied by Urine Fertilization. Science of
the Total Environment, 408, 1902-1908.
[22] Tin, D. (2015) Fertilizer Industry Report: Opportunities in Difficulties.
http://www.fpts.com.vn/FileStore2/File/2015/08/11/FPTS-Fertilizer%20Industry%2
0Report.2015.pdf
[23] Da Nang Department of Natural Resources and Environment (2016) Report of Environmental Status of Da Nang City 2011-2015, Da Nang City, Vietnam, 72.
[24] Binh, D. (2017) Shifting to Invest in Organic Agricultural Production.
DOI: 10.4236/jep.2017.811083

1366

Journal of Environmental Protection

B. X. Hong et al.
http://www.baodanang.vn/channel/5404/201702/chuyen-huong-dau-tu-nong-nghie
p-huu-co-2541166/index.htm
[25] Phuong, V. (2015) Project on “Recycling Organic Waste into Organic Liquid Fertilizer for Safe Agricultural Production in Da Nang City”.
http://dpi.danang.gov.vn/web/guest/rss/-/asset_publisher/1BNztAi1f4c7/content/tri
en-khai-du-an-%E2%80%9Ctai-che-chat-thai-huu-co-thanh-phan-bon-dang-longphuc-vu-san-xuat-nong-nghiep-sach-tai-thanh-pho-%C4%91a-nang%E2%80%9D;j
sessionid=99AC9881EDA227B2700627D37D4E9F0B?redirect=http%3A%2F%2Fdpi.dana
ng.gov.vn%2Fweb%2Fguest%2Frss%3Bjsessionid%3D99AC9881EDA227B2700627
D37D4E9F0B%3Fp_p_id%3D101_INSTANCE_1BNztAi1f4c7%26p_p_lifecycle%3
D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-2
%26p_p_col_count%3D1
[26] Wang, P., Ota, M. and Tanaka, M. (2014) Thermal Balance Analysis of Autothermal
Thermophilic Aerobic Treatment of Human Excreta. Engineering in Agriculture,
Environment and Food, 7, 1-6.
[27] Hanemann, W.M., Loomis, J. and Kanninen, B. (1991) Statistical Efficiency of
Double-Bounded Dichotomous Choice Contingent Valuation. American Journal of
Agricultural, 73, 1255-1263. https://doi.org/10.2307/1242453
[28] Ampadu, H.O. (2001) Willingness to Pay for Compost from Urban Waste by Farmers of Different Urban and Peri-Urban Farming Systems in the Greater Accra Region. Master Dissertation, Faculty of Agriculture, University of Ghana.
[29] Danso, G., Drechsel, P., Fialor, S. and Giordano, M. (2006) Estimating the Demand
for Municipal Waste Compost via Farmers’ Willingness-to-Pay in Ghana. Waste
Management, 26, 1400-1409.
[30] Etim, N.A. and Benson D.N. (2016) Willingness to Pay for Organic Fertilizer by
Resource Poor Vegetable Farmers in the Humid Tropic. Journal of Agriculture and
Ecology Research International, 6, 1-11. https://doi.org/10.9734/JAERI/2016/20230
[31] General Statistics Office (2015) Statistical Handbook of Vietnam. Statistical Publishing House, 19.
[32] Hoa Vang District Statistical Office (2015) Statistics Yearbook of Hoa Vang District
2014, 4.
[33] Anh, D.T.H. (2016) Estimating the Farmer’s Willingness to Pay for Municipal Solid
Waste Compost in Ha Noi. Master Dissertation, Faculty of agriculture, Kyushu
University.
[34] Khai, H.V. and Yabe, M. (2014) The Demand of Urban Residents for the Biodiversity Conservation in U Minh Thuong National Park, Vietnam. Agricultural and
Food Economics, 2, 10. https://doi.org/10.1186/s40100-014-0010-5
[35] Susilo, H., Takahashi, Y. and Yabe, M. (2017) Evidence for Mangrove Restoration in
the Mahakam Delta, Indonesia, Based on Households’ Willingness to Pay. Journal
of Agricultural Science, 9, 30-41. https://doi.org/10.5539/jas.v9n3p30
[36] Kumar, B. (2015) Households’ Willingness to Pay for Improved Solid Waste Management in Banepa Municipality, Nepal. Environment and Natural Resources Journal, 13, 14-25.
[37] Christian, N., Sylvia, C.O. and Fetus, U.A. (2017) Willingness to Pay (WTP) for an
Improved Environmental Quality in Ebonyi State, Nigeria. Journal of Environmental Protection, 8, 131-140. https://doi.org/10.4236/jep.2017.82011
[38] Mahji, M.A. and Elizabeth, O.O. (2009) Determinants of Households’ Willingness-to-Pay for Private Solid Waste Management Services in Ibadan, Nigeria. Waste
DOI: 10.4236/jep.2017.811083

1367

Journal of Environmental Protection

B. X. Hong et al.

Management and Research, 27, 961-965.

https://doi.org/10.1177/0734242X09103824
[39] Khuc, V.Q., Mustapha, A., John, B.L., Tran, T.D. and Mark, W.T. (2016) Estimating
Urban Households’ Willingness-to-Pay for Upland Forest Restoration in Vietnam.
Open Journal of Forestry, 6, 191-198. https://doi.org/10.4236/ojf.2016.63016
[40] Gopal, B.T. and Kanokporn, R. (2011) Adoption and Extent of Organic Vegetable
Farming in Mahasarakham Province, Thailand. Applied Geography, 31, 201-209.
[41] Japan International Cooperation Agency (JICA) Project Report (2017) Project
Document on “Biomass Liquid Fertilizer from Human Waste for Improving Urban
Sanitation and Supporting Farmers in Da Nang City”, 12.

DOI: 10.4236/jep.2017.811083

1368

Journal of Environmental Protection

B. X. Hong et al.

Appendix
Appendix A. The Format of CVM Question
1. HH’s Willingness to pay (WTP)
Pay for using this product, in comparison with your expected benefits. Nine
pieces of paper were prepared, in which number from 1 to 9 was marked. These
nine numbers correspond to nine questions about bid levels. A respondent will
choose one of nine numbers randomly, and answer the corresponded question.
When answering these questions below, please concern about your reaction if
you actually had to pay for using this product.
Bid 1 (Number 1)
A1. Are you willing to pay 10,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 20,000 VND for each ton organic OBLF? (No matter the answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 5000 VND for each ton OBLF?
 Yes
 No
Bid 2 (Number 2)
A1. Are you willing to pay 20,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 30,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 10,000 VND for each ton OBLF?
 Yes
 No
Bid 3 (Number 3)
A1. Are you willing to pay 30,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 40,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 2,000 VND for each ton OBLF?
 Yes
 No
Bid 4 (Number 4)
A1. Are you willing to pay 40,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 60,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 30,000 VND for each ton OBLF?
 Yes
 No
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Bid 5 (Number 5)
A1. Are you willing to pay 60,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 80,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 40,000 VND for each ton OBLF?
 Yes
 No
Bid 6 (Number 6)
A1. Are you willing to pay 80,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 100,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 60,000 VND for each ton OBLF?
 Yes
 No
Bid 7 (Number 7)
A1. Are you willing to pay 100,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 130,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 80,000 VND for each ton OBLF?
 Yes
 No
Bid 8 (Number 8)
A1. Are you willing to pay 130,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 160,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 100,000 VND for each ton OBLF?
 Yes
 No
Bid 9 (Number 9)
A1. Are you willing to pay 160,000 VND for each ton OBLF?
 Yes (go to A2)
 No (go to A3)
A2. Are you willing to pay 190,000 VND for each ton OBLF? (No matter the
answer, 10,000VND is last price)
 Yes
 No
A3. Are you willing to pay 130,000 VND for each ton OBLF?
 Yes
 No
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Appendix B. Test for Multicollinearity
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Table B1. Results of correlation matrix for listed variable.
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Table B2. Result of Variance Inflation Factors (VIF) test.
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VIF

Household Income

1.26

Gender
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Age
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Education

1.11
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Farm Size
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