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The study determined the economic value of the proposed liquid organic fertilizer (LOF) project in the
Vietnamese Mekong Delta through the estimation of farmers’ willingness to pay using the approach of the
double-bounded dichotomous choice contingent valuation model (DBDC CVM). The results showed that
the majority of farmers supported and agreed to buy LOF with a willingness to pay or a price of around
169,000 VND ($7.44) per ton. Farmers who used to apply organic fertilizers before or consider the use of
biomass fertilizer as safe are more likely to pay for the proposed LOF.

Key words: double-bounded dichotomous choice contingent valuation model (DBDC CVM), Mekong River

Delta, organic fertilizer, willingness to pay (WTP).

INTRODUCTION

Rapid population growth increases pressure on the
natural environment and social environment. The
capacity of the natural environment is limited, when the
population increases rapidly and untreated waste is dis-
charged into the environment, it exceeds the self-clean-
ing capacity of the natural environment. In recent years,
the Vietnamese population has been constantly increas-
ing from 86,947 million in 2010 to 93.7 million in 2017.
Along with the increase in population, the quantity of
solid waste has increased rapidly to cause difficulties for
collection and treatment. Sludge from septic tanks, a
form of solid waste, is expected to increase in volume
along with population growth and people’s living needs.
Sludge generation from sanitation (septic tanks) in
Vietnamese urban areas is 0.04 —0.07 m*person/year
(QCVN 07:2016/BXD). However, at present, there are
no complete statistics on sludge generation nationwide.
At the same time, the management of septic tank sludge
in Vietnam currently does not have an effective sludge
management mechanism (Oanh and Hong, 2019). The
composition of sludge from the septic tank contains
mainly organic substances with a high content of nitro-
gen, phosphorus which is a good condition to use as fer-
tilizer for agriculture (Heinonen-Tanski and van Wijk—
Sijbesma, 2004; Winker et al., 2009).

On the other hand, chemical fertilizers in agricul-
tural production in Vietnam is widely used due to its cost
advantages and fast efficiency for crops. On average,
plants only absorb about 40-50% of chemical fertilizers
(about 30-45% of nitrogen, 40-45% of phosphate, and
50-60% of potassium) the rest is discharged into the
environment. The amount of fertilizer imported in 2017
was 8,708 tons, equivalent to about $2,549 million, dou-
bled compared to that of 2016 when only 4,197 tons
were imported with a turnover of about $1,125 million
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(Ministry of Natural Resources and Environment of
Vietnam, 2018).

Therefore, recycling sludge from the septic tank into
organic fertilizer to supply agricultural production is
properly considered to both help deal with the increas-
ing amount of waste and limit environmental pollution
caused by chemical fertilizers. Moreover, the domestic
production of organic fertilizers, will also limit the import
of chemical fertilizers is the reason why this study evalu-
ates the economic value of the liquid organic fertilizer
project to recycle sludge from septic tanks to have a
basis for proposing policies to increase the use of organic
fertilizers by farmers in agricultural activities. The
results of the study contribute to the improvement of
waste management and environmentally friendly agricul-
tural production.

LITERATURE REVIEW

The approaches of revealed and stated preferences
are popularly used to evaluate the economic value of
non-market goods (Pearce and Moran, 1994). The tech-
nique of revealed preference evaluates the economic
value of market goods, which are considered equivalent
to the environmental goods to be valued, to infer the
economic value of environmental goods (Bockstael and
Kling, 1988). The revealed preference approach is suita-
ble for estimating the economic value of an environmen-
tal good when a comparable market good exists.
However, finding equivalent market goods is a very com-
plex task (Carson, 1998; Barkmann et al., 2008).
Therefore, in case it is difficult or impossible to find
equivalent market goods, the research prioritizes using
the stated preference methods.

The stated preference methods directly value the
non-market commodity, assuming that individuals can
reveal their true preference for environmental goods
through their behavior in the hypothetical market
(Hanley et al., 1998). The outstanding advantage of the
stated preference technique is to be used to value any
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non-market goods with relatively uncomplicated data
requirements (Diafas, 2016). Besides, the stated prefer-
ence method is considered suitable when used to esti-
mate the values of the total economic value, especially
indirect use value and non-use value, of environmental
goods (Freeman Il et al., 2014; Diafas, 2016). The con-
tingent valuation method (CVM) is the first stated pref-
erence method applied in valuing non-market resources
and goods. The origins of this approach can be traced
back to the work of Ciriacy—Wantrup (1947), which used
public opinion surveys to collect values for public goods.
However, Davis's (1963) study, which estimated the
value of outdoor recreation in the Maine forest (New
England, USA), is considered the first experimental
study using the CVM. Subsequently, the CVM became a
popular method in valuing entertainment and other
fields such as air pollution control, landscaping, wet-
lands, and other public goods (Smith, 2006).

Although some studies have applied the CVM to esti-
mate the willingness to pay (WTP) for organic fertilizer
in some countries (Etim and Benson, 2016; Okuma and
Isiorhovoja, 2017; Muhammad et al., 2020; Rachmah,
Darwanto and Mulyo, 2020), only three studies on farm-
ers’ demand for organic fertilizers from human waste
(Danso et al., 2006; Hong et al., 2017; Kuwornu et al.,
2017) (reviewed by Gwara et al., 2020). This study also
aims to contribute to the literature and provide more
information on farmers’ demand or willingness to pay for
liquid organic fertilizer produced from human waste.

The CVM approach is used to estimate values associ-
ated with public and non-market goods using five types
of elicitation techniques, namely the bidding game, the
open-ended, the payment card and single-bounded
dichotomous choice, and double-bounded dichotomous
choice approaches (Bateman et al., 2002). The double—
bounded dichotomous choice question requires respond-
ents to answer two bid questions (the initial bid and the
followin—up bid). The outstanding advantage of this
question is to help researchers to get more information
related to the respondents’ preferences for non-market
goods (Bateman et al., 1999) to measure WTP effec-
tively (Hanemann et al., 1991). Moreover, the double—
bounded dichotomous choice question could overcome
choosing an initial price too low or too high (Hanemann
and Kanninen, 2002). Therefore, this study conducts an
economic valuation of the liquid organic fertilizer project
by asking the WTP of the household in the form of a
double-bounded dichotomous choice question.

DATA COLLECTION

Primary data was randomly collected by directly
interviewing 620 farmers in four provinces (225 farmers
in Vinh Long, 120 farmers in Hau Giang, 110 farmers in
Ben Tre, and 30farmers in An Giang) and one city
(135 farmers in Can Tho) of the Vietnamese Mekong
Delta. The farmers selected for the interview are those
who grow typical crops in each region. The content of
the questionnaire is designed to estimate the economic
value of the liquid organic fertilizer (LOF) project by the

DBDC CVM questionnaire. The structure of the ques-
tionnaire included the information of the farmers’ knowl-
edge, chemical fertilizer uses, and their willingness to
pay for LOF from septic tank sludge. Before asking the
CVM question, the questionnaire provided information
on the harmful effects of chemical fertilizer overuse, the
composition of LOF from the sewage sludge of the septic
tank, and the advantages and disadvantages of the LOF.

The production technology of LOF is described as
human waste collected from residential areas, offices,
and public facilities (e.g. schools, supermarkets) which
is processed by the technology of the self-heating treat-
ment system developed by Japanese technology. During
the treatment process, bacteria harmful to soil, plants
and affecting human health have been eliminated. LOF
from human waste has high contents of N, P, K, Ca, and
other minerals which are indispensable components in
the growth and development of plants. Human waste is
recycled into liquid biomass for use in agricultural pro-
duction.

The initial bid level used in the study was the price
of the LOF product. Then the farmers were asked if
they are willing to buy the above-mentioned LOF at an
initial bid price, if yes, they continue to be asked for a
higher price, if no, asked for a lower price. Based on the
results of previous research by Hong et al. (2017) in Da
Nang, the given bid prices was 100,000VND, 120,000VND,
140,000 VND, 160,000 VND, and 180,000 VND per ton of
LOF. The prices were also found to be quite suitable
with the ability of farmers’ payment after doing the pilot
survey.

METHODOLOGY

According to Markantonis et al. (2012), there are
some limitations such as starting—point bias, non-
response bias, and yea-saying bias in the approach of
contingent valuation method (CVM). However, the
approach of double-bounded dichotomous choice con-
tingent valuation method (DBDC CVM) could partly
reduce these above biases and the variation of the esti-
mated parameters (Hanemann et al., 1991). This study
applied the approach of DBDC CVM with the STATA
command “doubleb” to estimate WTP for the proposed
LOF with the linear assumption between WTP and its
related factors (Lopez—Feldman, 2012; Batte et al., 2007,
Sriwaranun et al., 2015):

WTP, (z,,u,) =2,8 +u, withu~N(0, 0% @Y

where 2, is a vector of independent variables, S is a vec-
tor of parameters, u, is an error term. In the DBDC CVM
model, farmers were asked to answer two closed WTP
questions with the first bid labeled ¢ and the second bid
labeled ¢*. Then, each farmer’s WTP falls into one of the
following four groups:

Yes — Yes answers: t* >t and < WIP < o

Yes — No answers: ¢! < WTP < *
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No — Yes answers: * < t'and t* < WTP < t'
No — No answers: 0 < WTP < t*

The answers to the first and second closed questions
could be defined as the dichotomous variables ! and 7 ,
respectively. If the farmer answers “yes”, the variables
take the value of 1, and O for the answer of “no”.
According to Lopez-Feldman (2012), with the normal
distribution assumption of the WTP and the error term
u,, the probability of farmers’ answers is described as the
following expressions:

yi=landy'=1:Pr(yi=1,y°=112)=Pr (¥, Y)

B _r
S il

yi=landy’=0:Pr(y.=1,y°"=012,) =Pr (Y,N)

Bt Bt
=0z )P (e ),

y'=0andy’=1:Pr(y.=0,y°=112)=Pr (N, Y)
B ¢ B 2

B R i bl

y'=0andy’=0:Pr (y.=0,4°=012,) =Pr (N, N)
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The parameters of 8 and ¢ are identified using the
technique of the maximum likelihood estimation (MLE)
with the log-likelihood (LL) function as followings:

Z':,u[dfym(mz;%—l%))
+dfjvln(®(z;%—t7 |
—@le%—%))
$a (@ (2 L) |
o)

N Y ) B t*
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where ¢ =1,..,nind!", d"", d""”, and d*" are variables
that value equal 1 or 0 depending on the relevant case
for each farmer.

RESULTS AND DISCUSSION

Table 1 presents the demographic and socioeco-
nomic characteristics of farmers. With an average age of
about 40 years, farmers have about 17 years of experi-
ence in agricultural production, of which the highest
experience is 57 years and the lowest is 1 year, indicating
that most farmers have a lot of experience in production
as well as experience in choosing which fertilizers to use
for their crops. Although the percentage of male farm-
ers interviewed in the study was quite high, about 87%,
the data was still acceptable and did not affect the accu-
racy of the data analysis. In most rural areas, men are
usually the heads of households and are directly involved
in agriculture, planting, fertilizing, and often also the
ones who make decisions about which fertilizers to use,
so they have a good understanding of the fertilizers
being applied to their plants.

The results also show that other demographic and
socio—economic characteristics of farmers such as the
average education level of about 8 years, family size of
4 members, agriculture land of 0.46ha, and average
annual net farm income of about 56.2 million
VND/1,000 m?, are quite consistent with the characteris-
tics of households in rural areas in the Mekong Delta.
About 35% of farmers in the sample said that they had
attended training courses on agricultural production. On
average, they use about 690 kg of chemical fertilizers per
year and there is a significant difference between the
farmers who attended the training courses (about
611 kg/year) and those who did not participate in the
training (about 735 kg/year).

Table 2 presents the use of organic fertilizer by
farmers. The results show that 298 farmers, accounting
for nearly half of 48%, have used organic fertilizers in
the past, of which 23% of farmers used manure from
chickens, ducks, goats, bats, etc. About 18% of farmers
used to use green fertilizers and some other organic fer-

Table 1. Demographic and socio—economic characteristics of farmers in the sample

Items Mean Standard Deviation Min Max
Age (years) 39.71 11.943 21 98
Experience (years) 16.53 12.646 1 57
Male farmer 0.87 0.337 0 1
Education (years) 6.99 3.088 0 16
Family members (persons) 4.25 1.409 1 10
Agricultural land (1000 m*) 4.63 8.63 0.50 200
Training attendance 0.35 0.48 0 1
Chemical fertilizer use (kg/year) 690.87 789.79 50 6500
Net farm income (million VND/1.000 m*/year) 56.19 34.88 3 250
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Table 2. The use of organic fertilizers by farmers

Items

Frequency (N) Ratio (%)

Use organic fertilizers
Manure (chicken, duck, goat, bat, etc.)

Mineral organic fertilizers

Green manure or other organic fertilizers

Do not use organic fertilizers

298 48.06
143 23.06

45 7.26
110 17.74
322 51.94

Table 3. Farmers awareness about liquid organic fertilizer use

Safety ! ; , ; \ Environment
Absolute Safety The same Good Absolutely
safety (60,3%) good
(1,9%) (31,9%) (5,8%) (0%)
Safety } } } } I Profit
Absolute Safety The same High Absolutely
safety high
‘ 4%  (168%) (48,9%) (31%) (1%)
Enviro ' , ; ; ; Profit
nment Absolutely Good The same High Absolutely
good (50%) high
(1,8%) (8,5%) (38,1%) (1,3%)
Table 4. Farmer’s willingness to pay and unwillingness to pay at Bid, and Bid, for LOF
Bid, < Bid, Bid, > Bid,
Bid,
(VND) No. Yes — Yes Yes — No No - Yes No - No
No. % No. % No. % No. %
100.000 124 73 58,87 11 8,87 0 0 40 32,26
120.000 124 67 54,03 9 7,26 1 0,81 47 37,9
140.000 124 68 54,84 10 8,06 0 0 46 37,1
160.000 124 57 45,97 13 10,48 0 0 54 43,55
180.000 124 55 44,36 10 8,06 2 1,61 57 45,97
Total 620 320 51,61 53 8,65 3 0,48 244 39,36

tilizers. Moreover, the study also asked farmers about
their perception of liquid organic fertilizer use, explained
by three criteria of concern among farmers: Safety,
Environment, and Profit (See Table 3). When compar-
ing criteria such as Safety-Environment, Safety—Profit,
and Environment—Profit, most farmers choose these cri-
teria as equally important, about 60% for Safety—
Environment, nearly 49% for Safety—Profit, and 50% for
Environment-Profit, respectively. A part of farmers
(about 32%) towards Safety criteria when comparing
Safety and Environment criteria. About 31% of farmers
consider Profit when comparing Safety criterion with
Profit and 38% when comparing Environment criteria
with Profit. Thus, of the three criteria, Profit is the most
concern by farmers. However, they also tend to pay
more and more attention to Safety criterion in the pro-
duction process. This is also a potential signal for the
development and promotion of organic fertilizer use in
agricultural production.

Although the Profit factor is more concerned by

farmers in the agricultural production process, it is not
the only factor. Safety and Environment factors are still
concerned, which shows that it is not impossible to
receive environmentally friendly inputs, namely organic
fertilizers. The percentages of farmers agreeing and dis-
agreeing with the Bid levels of organic fertilizers are pre-
sented in Table 4.

Table 5 summarizes farmers’ willingness to pay for
LOF. The percentage of farmers who answered “Yes” to
both Bid, and Bid, prices ranged from 59% for
100,000 VND to 44% for 180,000 VND, on average farm-
ers answered “Yes—Yes” with the two Bid prices of 52%.
Only 0.48% of farmers answered “No” to Bid, and “Yes”
to Bid,. The percentage of farmers who answered “No”
at the Bid, and “No” at the Bid, ranged from 32% for
100,000 VND to 46% for 180,000 VND, while farmers say-
ing “No"-No” for the two Bid prices were about 39%.

Table 5 summarizes farmers’ reasons for their unwill-
ingness to pay for LOF at both Bid, and Bid, prices.
About 57% of farmers did not agree to pay for LOF with
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Table 5. Reasons for farmers unwilling to pay for LOF

Reasons Frequency (N) Ratio (%)
I think that the price of LOF is too high 3 1.23
I don’t care about the environment in the production process 20 8.20
I feel that LOF is not effective 66 27.05
I am worried that LOF affects farmer’s health 8 3.28
I do not need to use LOF 139 56.97
I don’t have much information about LOF 139 56.97
I don’t know how to use LOF for my crops 96 39.34
I don’t like using organic fertilizers 14 5.74
The application of LOF causes difficulties and inconveniences, especially in transportation. 25 10.25
Other reasons 16 6.56

the reason of “I do not need to use LOF” and “I don't
have much information about LOF”. Next is the reason
“I don't know how to use LOF for my crops” with nearly
39% of farmers choosing. It is also worth noting that
only 1.23% of farmers said “I think that the price of LOF
is too high”. These reasons show that increasing public-
ity about LOF is essential to increase farmers’ payment
for this product.

Table 6 shows the results of the DBDC CVM model
of the respondent’s willingness to pay for LOF. Model 1
is only estimated with the Bid, and Bid, variables, while
Model 2 is analyzed including the variables of farmers’
demographic characteristics (Age, Male, Education,
and Family members) and other important factors
affecting the WTP (Agricultural land, Net farm
mcome, Training, Organic fertilizer wuse, and
Safety). Age is the age of the respondent, expected to
have a positive effect on farmers’ willingness to pay.
Male is a dummy variable that takes the value 1 if male
and 0 otherwise. Men are often the main laborers of the
family and often work hard to study, research, and cap-

ture information about pesticides and fertilizers for their
crops. Therefore, men tend to be willing to pay for
organic fertilizer. Education is the number of farmers’
schooling years. The higher the level of education, the
more knowledgeable farmers about organic products or
better understanding of the advantages of organic ferti-
lizers. Therefore, this variable is expected to have a pos-
itive effect on willingness to pay (Ranjith and Clem,
2004). Family members is the number of members in
the household. This variable is expected to have a posi-
tive effect on farmers’ willingness to pay (Kuwornu et
al., 2017).

Agricultural land is the total farming area of the
household in 1000m* The more agricultural land a
farmer has, the more concerned it is with soil nutrients
and the quality of agricultural products. Therefore,
households with more arable land tend to prefer to use
organic fertilizers. Net farm income is total net income
from farming activities in million VND/1.000 m*year.
Farmers with higher net farm income from farming activ-
ities tend to choose to use organic fertilizers more (Hong

Table 6. The results of the DBDC CVM model for calculating farmers’ willingness to pay for LOF

Variables Model 1 Model 2
Coefficient Standard Error Coefficient Standard Error

Age 0.305 0.740
Male 6.425 25.457
Education 3.861 2.877
Family members 4.232 6.226
Agricultural land 0.000 0.001
Net farm income -0.084 0.361
Training -6.715 18.592
Orgamnic fertilizer use 108.844** 21.836
Safety 58.080%*** 19.998
Beta constant 169.185%%** 9.346 14.563 59.893
Sigma constant 180.830%%* 21.746 171.451%%* 20.510
Log likelihood -607.010 -579.821
Mean WTP (VND) 169.185 168.617

(95% CI) (VND)

(150.867-187.504)

(150.866-186.367)

Notes: 95% CI: 95% confidence interval;, *** ** * qre levels of statistical significance at the 1%, 5%, and

10%, respectively.
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et al., 2017), Training is a dummy variable that takes
the value 1 if the farmer has attended training courses
on fertilizer use and 0 otherwise. Farmers who partici-
pate in more training courses related to organic produc-
tion have a better awareness of safe production and the
use of organic fertilizers, so they tend to use organic fer-
tilizers (Hong et al., 2017). Organic fertilizer use is a
dummy variable that takes the value 1 if the farmer has
used organic fertilizers and 0 otherwise. Farmers who
know and have experience in using organic fertilizers
tend to continue to use other types of organic fertilizers
for crops (Danso et al., 2006; Hong et al., 2017). And
safety awareness is a dummy variable that takes the
value 1 if the farmers have an understanding of health
and safety and 0 otherwise. This variable is expected to
be in the same direction as the farmer’s willingness to
pay for LOF. Before estimating the model, this study has
tested the existence of multicollinearity and the results
show that there is no multicollinearity between the inde-
pendent variables because all VIF values are less than 3
and the correlation of independent variables is not
higher than 0.7 (Khai and Yabe, 2014; Khai, 2015).

Model 2 shows that farmers who have used organic
fertilizers before are more likely to pay for LOF' (this var-
iable has a positive sign at the 1% level of statistical sig-
nificance). This result is consistent with previous
researches (Danso et al., 2006; Hong et al., 2017). The
research result also indicates that farmers who consider
the use of biomass fertilizers as safe are more likely to
pay for LOF (this variable has a positive sign at the 1%
level of statistical significance). This result shows that
safety is an important characteristic of biomass fertilizer.
The average WTP of farmers for LOF is about
169,000 VND/ton, which is higher than the WTP of farm-
ers in Da Nang for LOF by Hong et al., 2017
(94,800 VND/ton). If this estimated WTP is assumed to
be the price of LOF with the scenario that farmers use
10 tons/1000 m* for their crop, the cost of LOF (1.69 mil-
lion VND/1000 m®) is higher than the current fertilizer
cost (1.35million VND/1000m*) about 0.34 million
VND/100 m*>. However, this cost increase is really mean-
ingful because farmers will receive benefits for them-
selves and their living environment.

CONCLUSION

The study identified the demand of the proposed
LOF through the estimation of Mekong Delta farmers’
WTP to find out the marketability of LOF in the Mekong
Delta. The results showed that a number of farmers
began to pay more attention to Safety and Environment
criteria in agricultural production. Nearly 50% of
Mekong Delta farmers used to make “do-it—yourself”
organic fertilizers. However, this is a favorable first step
to introduce LOF into agricultural production. The
study estimated the Mekong Delta farmer’s WTP of
about 169.000 VND/ton for LOF with the percentage of
farmers answering “Yes — Yes” accounting for 51.61%,
revealing that the LOF production program is feasible.
Farmers with organic knowledge and experience in using

organic fertilizers also pay higher for the proposed LOF.
Farmers who prioritize safety over other factors (envi-
ronment, profit) are also more likely to pay for LOF. The
lack of basic information on LOF and the environmental,
social, and health benefits of using LOF for farmers is a
major obstacle in their use decision. Therefore, provid-
ing information on the benefits of liquid organic fertilizer
for farmers to have more understanding and access to
organic inputs is very important to increase the use of
environmentally friendly inputs or LOF. When farmers
have great confidence in LOF, the demand and market
for LOF in the future will become more and more posi-
tive and feasible. Policymakers should promote LOF in
Vietnam because this provides an organic fertilizer
source for agriculture, reduces pressure on the waste
management system, and decreases environmental pol-
lution.
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