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Abstract: The increased use of renewable energy is imperative as a countermeasure to climate change.
As with conventional electricity generation technologies, public acceptance of renewables is an
important issue, and willingness to pay (WTP) is a widely used indicator to assess such public
attitudes. Unfortunately, the literature to date mostly covers developed countries, with few WTP
surveys in developing countries. Tackling climate change is an urgent issue for these developing
countries; therefore, understanding of public attitudes toward renewables in developing countries
is crucial. This study conducted the first survey on WTP for introducing renewable energy in
Myanmar. Although Myanmar boasts abundant renewable energy resources, including solar power
and biomass in addition to large-scale hydro plants, its resources are not being properly utilized to
generate electricity. This study surveyed WTP for power generation by solar photovoltaics, small
hydropower, and biomass facilities. The results showed the highest WTP for solar power (USD 1.92)
with 10% share in the energy mix, and lower WTP for biomass and small hydropower electricity
generations (USD 1.13 and USD 1.17, respectively). Careful public communication is thus crucial for
expanding biomass and small-scale hydro power plants.

Keywords: willingness to pay; renewable energy; Myanmar; climate change; stated preference;
discrete choice experiment (DCE); random utility theory; energy policy

1. Introduction

As emphasized by the widespread ratification of the Paris Agreement, it has been
globally acknowledged that strategies to combat climate change are urgently required. To
reduce the production of greenhouse gases, the use of renewable energy must be expanded
in the energy sector. Public acceptance of attendant costs will be important for progress by
strategically expanding the use of renewable energy.

One indicator of the level of public acceptance is the willingness to pay (WTP). Al-
though many methods to measure WTP have been developed in the field of environmental
economics, for example, discrete choice experiment (DCE) and contingent valuation meth-
ods [1], they are currently widely used in other fields as a means of investigating consumer
preferences. Although there are a comparatively high number of previous studies on the
WTP for renewable energy in economically developed countries, there are fewer studies
that target less economically developed nations in Asia. The countries targeted for WP
analysis regarding the adoption of renewable energy and other climate change counter-
measures are mostly economically developed. According to a meta-analysis of 11 stud-
ies, 363 such studies targeted high-income countries, 66 upper-middle-income countries,
3 lower-middle-income countries, and 1 that targeted a low-income country [2-12].
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1.1. Literature Review

Very few studies on WTP for renewable energy have targeted the less developed
economies in Asia; five studies on China [13-17], eight on India [18-25], three on In-
donesia [26-28], three on Malaysia [29-31], and one each on Kazakhstan [32], Laos [33],
Pakistan [34], the Philippines [35], Thailand [36], and Myanmar [37]. Their detailed research
topics vary widely and include the research and development of solar energy [37], green
electricity [14,16,30-32], improved electricity services [19,21,27], rural electrification [22,23],
rural electrification with mini-grids [20,28,34,38], off-grid solar [13], electricity [18], eco-
tourism [33,35], electric motorcycles [17], solar home systems in grid-connected areas [36],
solar lanterns [24], and climate change mitigation [26]. Furthermore, the WTP results for
green electricity in these previous studies varied depending on the study and the targeted
country, ranging from an average WIP per month of USD 0.82 [30] in Malaysia, from USD
1.15-1.51 [16] to USD 2.7-3.3 [14] in China, and USD 1 for the research and development
of solar energy in Myanmar [37]. Contingent valuation method was applied for these
studies [14,16,30,37].

This study specifically investigates the WTP for renewable energy in Myanmar. The
WTP for research and development into solar energy in Myanmar has already been studied;
this nation benefits not only from sunshine for the generation of electricity using solar
energy but also with abundant water for hydroelectricity generation. Electricity has also
been generated in biomass facilities fueled by rice husks, a byproduct of rice cultivation,
which is itself a major agricultural product.

1.2. Energy Situation in Myanmar

Hydroelectricity generation has played the largest role in the country (Figures 1 and 2)
because Myanmar has four major rivers (Ayeyawady, Chindwin, Thanlwin, and Sittaung)
and 7.7% of Asia’s total hydroelectric generation resources [39]. The future potential
capacity of large-scale hydroelectricity generation systems is 100 GW, and that of small- to
medium-sized hydroelectric generation systems is 230 MW [40]. The current composition
of the sources of electricity in Myanmar relies on hydropower; within the total electricity
generated, hydroelectricity generation accounts for 56%, gas-fired power generation for
42%, and the only coal-fired power stations for 2.3% [41]. This reliance on hydroelectric
generation leads to the occurrence of outages during the dry season [42]; because the
generation capability falls in this season and because the capacity factor falls, there are
outages, despite the fact that the installed capacity outstrips peak demand [41]. As a result,
strengthening the electricity-generating capability of the country is urgently required.
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Figure 1. Electricity generation by sources. Reproduced by the authors based on the data from the
International Energy Agency (IEA) [43].
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Figure 2. Current share of electricity generation by sources [43].

Therefore, the Ministry of Electricity and Energy (MOEE) plans to develop new
hydroelectric generation dams. However, as emphasized by the decision to suspend
the Chinese-led Myitsone Dam project under the previous Thein Sein administration, a
growing opposition movement has increased the difficulties surrounding large-scale dam
development [44]. Project transparency, stakeholder involvement, and proper consultation
have become even more necessary, especially in the regions inhabited by ethnic minorities
and those ravaged by conflict. However, given the government’s limited capabilities and
resources, there is doubt as to whether the handling of the matter will improve in the
future [44]. Twelve of the existing 26 dams and 42 of the 50 planned dams are located in
areas of conflict or inhabited by ethnic minorities [45]. Considerable efforts are thus needed
for dam development to proceed as planned. Additionally, the MOEE has announced its
plans for four large-scale gas-fired power stations, but their completion within deadlines
is also open to question [41]. With no large-scale power stations in the pipeline whose
construction is straightforward, it is necessary to consider whether strengthening the
electricity generating capability of the country will progress as planned.

Furthermore, the proper utilization of renewable energy resources other than hy-
dropower has not been investigated. The peak technical potential for solar power genera-
tion is 27 GW [46] and the biomass electricity generation capacity potential is 12 GW [47].
However, under the power resource balance scenario of the National Electricity Master
Plan, the share of renewable energy excluding large-scale hydropower systems is set ex-
ogenously at only 9% of the 2030 installed capacity. The National Electricity Master Plan
was proposed in 2015 with the support of the Japan International Cooperation Agency
(JICA) [48], whose scenario selected 2019 to realize universal access to electricity [49].
Myanmar ratified the Paris Agreement [50] and stated that, within its Nationally Deter-
mined Contributions, it would implement mitigating actions in line with the demands
for sustainable development [51]. As a result, a further evaluation of the nation’s existing
renewable energy resources is required.

In this study, the WTP was investigated using a discrete choice experiment targeting
households in Mandalay, Myanmar’s second city. Mandalay is located near the middle
of Myanmar, in the central dry zone, and is the nation’s second-largest city after Yangon.
Yangon is noticeably more developed than other parts of Myanmar in terms of education,
health, and standards of living [47], while the Mandalay region ranks eighth [52] in terms
of annual GDP per capita among the nation’s 14 states /region and one union territory; thus,
we considered it a suitable region for this study. According to the Burmese government, the
proportion of households connected to the national grid was over 50% in 2019 [53]. In this
study, the WTP per household for the adoption of electricity generated using renewable
energy in Myanmar was identified using a discrete choice experiment (DCE) targeting only
households on the national grid.
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2. Methodology
2.1. Theoretical Background

Methods for evaluating WTP can be broadly classified as either “stated preference”
(SP)”, which evaluates the value of the environment based on people’s opinions, or “re-
vealed preference (RP)”, which evaluates the value of the environment based on people’s
behavior [54]. RP includes the replacement cost method, hedonic method, and travel
cost method. The replacement cost method evaluates the value of the environment based
on the cost of artificially supplied goods and services similar to those provided by the
environment; the hedonic method evaluates the value of the environment based on the
effect of environmental quality on housing prices; and the travel cost method evaluates the
value of recreation based on the cost of travel to recreation sites. In contrast, SP includes
the contingent valuation method and the discrete choice experiment (DCE). The contingent
valuation method is a method of directly inquiring about the value of the environment
using a questionnaire survey. On the contrary, the DCE method, which is also based on
questionnaires, evaluates the value of the environment by asking the preference for various
alternatives to improve the environment. RP is based on actual behavior, and it cannot
evaluate hypothetical situations. SP, by contrast, is based on the opinions expressed by
people, and thus can evaluate hypothetical situations. However, because SP is based on
questionnaires, the amount of valuation can be easily affected by the way of explanation;
thus, it is necessary to design the survey carefully [1].

In this study, the DCE method, which is classified as SP, was used because the hypo-
thetical situation about renewable energy was asked. Respondents were asked which of
several alternatives (three alternatives in each choice set, as shown in Table 1) they pre-
ferred. It is characteristic for the DCE that the value of individual attributes that comprise
each alternative is assessed.

Table 1. Sample discrete choice experiment (DCE) survey question.

Choice Set 1 Alternative A Alternative B Alternative C
(Status Quo)
259% Renewable 15% Renewable 79% Renewable
Energy Energy Energy
% ‘
RENEWABLE
ENERGY
&
-

MAIN TYPE “‘
or | W

[§ 8886
e S Eats

RENEWABLE
ENERGY
Solar ‘11; Solar
Biomass
% INCREASE Your monthly Your monthly
IN MONTHLY electricity bill will electricity bill will No change
ELECTRICITY increase by increase by &
BILL 5% 5%

2.2. Model for WTP Estimation

The DCE method is based on McFadden’s random utility model [55] and assumes that
when respondents are presented with choice sets composed of several alternatives, they
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will always select the alternative with the greatest utility. The utility function, U;;, when
respondent 7 chooses alternative j is shown in the formula below, by combining observable
systematic component V;; and random component ¢;;.

Uij = Vij + eij. @

Furthermore, the probability of respondent i selecting alternative j is expressed by the
following equation [1]:
exp (V)

T Eexp (Vi) ®

2.2.1. Conditional Logit Model

McFadden’s conditional logit model [55] focuses more on the characteristics of the
alternative than on the attributes of the individuals, and models systematic component V;;.
X; expresses the vector of the characteristics of alternative, j, as follows:

Vi = B-X;. ®3)

B is the vector of assumed coefficients, each of which signifies the change in utility for
one unit of change in each attribute.

2.2.2. Multinomial Logit Model

The multinomial logit model is suitable for modeling the act of selection. It allows the
characteristics (e.g., income) of the individuals involved and not just the attributes of the
choice alternatives (e.g., cost) to be included as explanatory variables.

In the ordinary multinomial logit model, systematic component Vj; is simulated from
the characteristics of individual people, as shown below [56].

Vi = v-Z;, 4

where regression coefficient 1y; expresses the change in utility when there is a one-unit
change in the characteristics of an individual person.

2.2.3. Multinomial and Conditional Logits

Generally, in the analysis, a model that combines multinomial and conditional logits
is used. Systematic component Vj; relies on variables (e.g., the individuals” perception
of the values of options) defined in relation to the characteristics of the individuals, the
attributes of the option, or the individual and options combined. The typical model is
usually expressed as follows [56]:

Uj = o5+ B-Xij +7j-Zi + &, ®)

where «; is an alternative specific constant, X;; expresses the characteristic that changes
between options (whether it changes depending on the individual person), and Z; is the
characteristic of the individual person that is constant between choice tasks.

2.2.4. Marginal WTP

Here, the systematic component of the utility function is expressed by the following
equation:
V= Zn BnXn + BpriceXprices 6)

where B is the parameter estimated by multinomial logit and, in particular, BpyiceXpyice
expresses the price attribute and its parameter. The total differentiation of Equation (6) gives:

oV oV
av = Zn den + dePrice @)
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where the utility level is fixed (dV = 0) at the initial level, and attributes other than a
specific attribute k are assumed to be fixed (dX,, = 0, n # k) at the initial level. In this case,
Equation (7) becomes:

0= ,Bkka + ;BPricedXPricer (8)

The marginal WTP (MWTP) when X}, which expresses attribute k, then increases one
unit [57]:
dXprice - _ Br
d Xy ,8 Price .
For this analysis, the Apollo package [58] for R was used. The Apollo package was

developed for the estimation and application of choice models. Apollo covers the simplest
Multinomial Logit model as well as a complex structure using random coefficients.

MWTD, =

©)

2.3. Survey Design
2.3.1. Attributes and Levels

In such surveys, the elements comprising the alternatives presented to respondents
are the “attributes” and, in this paper, three attributes were set based on the discussion with
experts based on previous analysis and the conditions in Myanmar: share of renewable
energy within all electric power sources in 2030; type of renewable energy; and rate of
increase in electricity charges. Respondents are shown a choice set, as in Table 1, and
indicate their preferred option.

For the ease of respondents’ understanding, the increase in the share of renewable
energy within all electric power sources was assumed to have been achieved by a single
type of energy, shown in the choice set. The appropriateness of each attribute level was
confirmed by conducting a pretest with a sample size of 30. Table 2 lists the attributes
and their respective levels. Levels were set based on the results of the pre-tests before the
main survey.

Table 2. Attributes and their levels for the survey.

Increase in Monthly
Electricity Tariff

10%/15%/25% /35% Solar /biomass/small-scale hydro 2%/5%/10%/15%/25%

Share of RE in 2030 Type of RE

The current share of renewable energy in Myanmar, excluding large-scale hydroelectric
generation, was 0% [43]. According to the Myanmar government, the energy mix in 2030
will be based on the power resource balance scenario [48] created with the support of
JICA [49]. This scenario puts the share of renewable energy, excluding large-scale hydro-
electric generation, in 2030 at 15%, of which 6% would be from small- to medium-sized
hydropower systems, and 9% from unspecific renewal energy sources [48]. In 2018, the
MOEE announced renewable energy adoption targets of 8% by 2021 and 12% by 2025 [59].
In view of the current global increase in demands for aggressive strategies to counter
climate change, however, the government’s targets for the adoption of renewable energy
cannot be deemed adequate, and they need to be raised. Therefore, in our survey, we set
the relevant levels higher.

2.3.2. Blocks and Choice Sets

Using Matlab’s cordexch function, a D-optimal design was generated, comprising
86 choice sets formed from three alternatives; two hypothetical and one describing the
current situation. The number of responses per respondent was around 5-10 [1], being set
at 7-8 for the purpose of this study. Each group, comprising 7-8 choice sets apportioned to
each respondent, is known as a “block”. The blocks were allocated to respondents in so
that a similar number answered each block.
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2.3.3. Sampling Strategy

The sample size required for calculating WTP using a DCE differs from study to study.
According to Kuriyama et al. (2013) [1], statistical analysis is possible for a sample size of
200. In this paper, we followed de Bekker-Grob, Donkers, Jonker, and Stolk [60] to calculate
the sample size, using Equation (10):

”?m > 500 (10)

where 7 is the number of respondents, t is the number of tasks, a is the number of alterna-
tives, and c is the largest number of attribute levels.

For our design, c = 5, t = 7 as the minimum, and a = 2, because the “status quo”
alternative should not be counted. Therefore, the number of respondents was n > 178.6.
We collected 250 responses to our survey. After excluding two responses that did not meet
the respondent conditions, 248 responses were analyzed.

The area targeted for the survey covered five townships, namely, Aungmyaytharsan,
Chanayetharsan, Maharaungmyay, Chanmyatharsi, and Pyigyeetagone, shown in the
bottom-right corner of Figure 3. We chose five of the seven townships in Mandalay City,
which are centrally located. The electricity provider for this area is the Mandalay Electricity
Supply Corporation, which supplies 244,814 households in the area (as of November 2019).
The 250 respondents were selected via random spatial sampling within the survey area,

with the random extraction of coordinates.
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Figure 3. Map of Mandalay region [61].
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The multinomial logit model allows the inclusion of the selection behavior char-
acteristics of individuals as explanatory variables, as well as the attributes included in
the alternatives. We considered characteristics such as gender, income, and education, as
utility functions, and proposed and tested the following hypotheses: (1) the higher the
respondent’s education level (years of schooling), the higher the WTP; (2) the higher the
respondent’s income is, the higher the WTP; (3) a respondent with children will show a
high WTP; (4) a respondent with strong concerns about electricity shortage will show a low
WTP; and (5) a respondent with strong concern about climate change will show a high WTP.

2.3.4. Structure of the Questionnaire

The questionnaire began with explaining the purpose of the survey. The first part
discussed electricity consumption, and respondents were reminded about their house-
holds” consumption. The second part asked about the electricity usage, for example, their
appliances. The third part was the core of the survey—seven to eight choice experiment
questions and follow-up questions. The fourth part covered their attitudes toward environ-
mental issues. The fifth part asked socio-demographic information of respondents.

3. Results
3.1. Descriptive Statistics

Face-to-face surveys were conducted in July and August 2020. The state of emergency
period because of the COVID-19 pandemic meant that the surveys were conducted later
than planned, but the intended sample size was achieved. The survey was administered
by students from Mandalay Technological University after training. Table 3 shows the
respondents’ socio-demographics. The respondents were predominantly female, probably
because the surveys were conducted during the day (surveys were not conducted at
night mainly due to consideration for the safety of the researchers). The average age
of the respondents was 45.2 and the average length of their education was 11.7 years
(median = 10 years). The Myanmar education system comprises four years of primary
school, four years of middle school, and two years of high school; then, depending on
the subjects studied, 2-3 years of college or 4-7 years of university, with two years for a
master’s degree. Therefore, 10 years of education are equivalent to high school graduation.
The median monthly income of those responding was MMK 500,000, or USD 345. The
average number of people per household was 5.4, including an average of 0.4 children
under six and 0.7 elderly people.

Figure 4 shows the answers to a question regarding whether respondents considered
the different sources of renewable energy to be environmentally friendly or not. The
majority of respondents considered solar energy to be environmentally friendly, with a
total of 91% of respondents selecting either: “1. Very Environmentally Friendly” or “2.
Environmentally Friendly”. The results were similar for small-scale hydropower, with the
same combined percentage of 72%. However, the same combined percentage fell to 50%
for biomass, with a total of 19% of respondents selecting “4. Environmentally unfriendly”,
or “5. Very environmentally unfriendly”. Moreover, with a high 31% of respondents
selecting “3. Not sure” (against 8% for solar power and 16% for small-scale hydropower),
the knowledge level regarding biomass electricity generation is relatively low. This result
was consistent with the answers if respondents knew about each renewable energy source
shown at the bottom of Table 3. A total of 21% of respondents answered that they did not
know about biomass, higher than 15% for small-scale hydropower and 3% for solar power.
These results were considered reasonable.
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Table 3. Socio-demographics of respondents.

Variables Average Median Stal?da.rd Note
Deviation
Gender Female: 74%, Male: 26%
Age 45.2 46 134 20 (min), 78 (max)
Education 1.7 10 40 4 (min), 17.5 (max)
(years)
MMK 300,000 (USD 207)
Ihcome MMK 500,000 (25th percentile), MMK
(USD 345) 1 900,000 (USD 622) (75th
percentile)
MMK 15,000 (USD 10)
Electricity bill MMK 33,719 MMK 26,250 27 8758 (25th percentile), MMK
(per month) (USD 23) (USD 18) A 42,138 (USD 29) (75th
percentile)
Number of
household 54 5 24 1 (min), 15 (max)
members
Number of 0 (min), 3 (max), 66% of
children aged 0.4 0 0.6 households were
under 6 without children
Number of .
elderly people 0.7 0 0.8 0 (min), 4 (max)
Know about Yes: 97%, No: 3%
solar
Know about Yes: 85%, No: 15%
hydro

Know about
biomass

1 U.S. Dollar (USD) = 1448 Myanmar Kyat (MMK) [62].

Yes: 79%, No: 21%

m Very Environmentally

Sol. Friendly
o [T —

Friendly

Biomass - I Environmentally
Unfriendly

oy 00; Aner o o o,  WVery Environmentally
0% 20% 40% 60% 80% 100% Unériendly

Figure 4. Opinions about the environmental friendliness of renewable energy (RE) sources.

3.2. Estimation Results

Table 4 reports the results for the two econometric models. Model 1 is a conditional
logit model, in which only the attributes of the alternatives are independent variables, and
Model 2 is a multinomial logit model, in which the characteristics of individuals are also
variables. To evaluate the impact of the status quo, alternative specific constants (ASCs)
are included. A positive ASC coefficient indicates that the respondent prefers an increase
in the share of renewable energy from its current level. All coefficients in Model 1 have a
significance level of 0.1%, indicating statistical significance.
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Table 4. Estimation results.

Model 1 Model 2
Variables Coeff. Standard t Ratio Coeff. Standard t Ratio
Error Error
ASC 0.769 *#+ 1 0.116 6.61 0.747 0.613 1.22
Type hydro —0.452 *** 0.0874 —5.18 —0.465 *** 0.0885 —5.25
Type biomass —0.442 = 0.0896 —4.93 —0.442 = 0.0909 —4.87
Share 0.0364 *** 0.00397 9.18 0.0378 *** 0.00404 9.35
Price —0.134 *** 0.00628 —-21.3 —0.135 *** 0.00638 —-21.2
Income 2 —0.135 () 0.0995 —-1.36
Education - 0.0574 *** 0.0141 4.08
Child 0.226 (.) 0.0879 2.57
Bill 441 x1076* 217 x10°° 2.03
Importance of
electricity —0.228 % 0.118 —-1.93
shortage
Importance of 0.157 (.) 0.111 141
climate change
Log likelihood —-1778.3 —-1719.7
McFadden’s
pseudo-R 0.167 0.178
squared
AIC 3566.6 3461.3
Observations 1944 1904

L <0.001, * p < 0.05, (.) p <0.1. 2 The income value has been logarithmically transformed.

Regarding the attributes, the share coefficient is positive, indicating that the WTP
increases as the share of renewable energy increases. Because the price coefficient is
negative, respondents do not prefer an increase in electricity charges. These results are
intuitive. Moreover, regarding the results by the type of renewable energy with solar power
as the status quo, a gap can be seen between the WTP for small-scale hydropower and
biomass, and the WTP for solar power. The fact that the coefficients for both hydropower
and biomass are negative shows that respondents prefer solar power and have a higher
inclination to pay for it. This corresponds with the results of previous research [63] and
also with Figure 4, in that the highest number of respondents were of the opinion that solar
power is an environmentally friendly source of renewable energy. Therefore, the signs of
the Model 1 coefficients were correct.

The analysis of Model 2 also included respondents’ socio-demographic characteristics
(income, length of education, whether they have children, and the environmental problems
that they consider important). The Akaike information criterion (AIC) of Model 1 was
3566.64, and that of Model 2 was 3462.62. Therefore, Model 2 had a better AIC value. The
respondent characteristic with the highest statistical significance for Model 2 was the length
of education. As outlined previously [64], cases have been reported where respondents’
education has both a positive impact on their WTP [65] and a negative one [66], with the
length of education also having no significant impact in some cases [67]. In this study, the
impact was positive; in other words, the higher the education level, the higher the WTP for
the adoption of renewable energy. This confirms Hypothesis 1.

In addition, whether a respondent has children was shown to have a significant impact
on the WTP, thus confirming Hypothesis 3. This corresponds with the results in earlier
research [68], because future concerns about the environment because of climate change are
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Most

Second

stronger in households with a child and the value of the future environment is evaluated
to be higher, which seem to lead to a higher current WTP.

The income in Model 2 is the monthly household income. Hypothesis 2 is based on
examples in previous studies [37,64,68]; however, in the results of our survey, the income
coefficient was negative, showing that the higher the income, the lower the WTP. Moreover,
in this study, the size of the monthly charge for electricity was shown to have a significant
impact on WTD, a result that differs from earlier research [68].

We also investigated whether respondents’ interest in climate change had a significant
impact on the relevant WIP. Respondents were asked to indicate, from among several
energy-related and environmental problems, two that they considered important. In
addition to climate change, the listed problems included a shortage of electricity, a problem
directly related to the electric power field, and one that consumers in Myanmar routinely
face. This item was added after the DCE questions to avoid influencing the DCE results.
Among the 10 options, “global warming and climate change” scored highest in terms of
importance (those saying it was the most and the second most important problem were
combined). “Shortage of electricity” was the third. The results are shown in Figure 5. The
consistency of answers was checked using the other related question, and the inconsistent
answers were excluded from the calculation of Model 2. It was clear that interest in climate
change is very high in Myanmar. Additionally, from Model 2, the fact that WIP increased
in line with the level of interest in climate change is shown by the relevant coefficient
being positive, thus confirming Hypothesis 5. By contrast, the fact that WTP falls when
the interest in shortage of electricity rises is shown by the negative relevant coefficient.
This confirms Hypothesis 4. In our opinion, this is because Myanmar, where large-scale
hydropower is currently the main electricity source, has frequent outages; therefore, the
volatility of renewable energy is linked to the idea of electricity shortages.

10% 20% 30% 40% 50% 60% 70% 80%  90% 100%

Global warming and climate change B Air pollution
Electricity shortage B Water shortage
B Hazardous waste from industries W Solid waste management
B Flooding Surface water contamination

H Noise B Groundwater contamination

Figure 5. Energy/environmental problems considered to be of most or second most importance.

Table 5 shows the marginal WTP calculations based on each model. Standard errors
were calculated using the delta method. Because respondents were asked about their
WTP in terms of the percentage increase in monthly electricity charges, the monetary
sums calculated based on average monthly charge are shown. Models 1 and 2 revealed
that, when the share of renewable energy within electric power generation increased by
1 pp, respondents were willing to pay 0.272% (USD 0.063) and 0.280% (USD 0.065) more,
respectively. Additionally, the WTP values for small-scale hydropower and biomass were
—3.44% (USD 0.79) and —3.28%, (USD 0.76) lower, respectively, thus being lower than that
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for solar power based on Model 2. According to Model 1, the values were —3.38% (USD
0.79) and —3.30% (USD 0.77) lower, respectively.

Table 5. Marginal willingness to pay (WTP) for renewable energy.

Marginal WTP Increase in Monthly Electricity Tariff
Model 1 Model 2
(%) (USD) (%) (USD)
Type Hydro —3.38% (0.838) USD —0.79 —3.44% (0.844) usD —0.79
Type Biomass —3.30% (0.890) USD —-0.77 —3.28% (0.899) USD —0.76
Share 0.272% (0.0347) USD 0.063 0.280% (0.0355) USD 0.065

The standard error between parentheses have been calculated using the delta method.

Table 6 shows the WIP by source and share for each model.

Table 6. WTP by source and share.

Increase in Monthly Electricity Tariff

For 10% increase in share

Power source Model 1 Model 2!

% USD Y% USD

Solar 8.46 1.97 8.34 1.92

Small hydro 5.08 1.18 4.89 1.13

Biomass 5.16 1.20 5.06 1.17
For 25% increase in share

% UsD % uUsD

Solar 12.49 2.90 12.54 2.89

Small hydro 9.12 2.12 9.10 2.10

Biomass 9.19 2.14 9.26 2.14
For 35% increase in share

% usD % usD

Solar 15.21 3.54 15.34 3.54

Small hydro 11.83 2.76 11.90 2.75

Biomass 11.91 2.77 12.07 2.78

1 Coefficients not included in Equation (11) have been dropped.

Here, the WTP is calculated as Equation (11):

o+ :BshareShare + ,Btype

WTP = —
,BPrice

(11)

lBt!/Pe = ﬁtypeHydro if type = Hydro
Btype = BtypeBiomass Lf type = Biomass

Respondents showed a willingness to pay USD 1.92 per month for a 10% increase
in solar power, and USD 1.13 and USD 1.17 for small-scale hydro and biomass power,
respectively, based on Model 2. According to Model 1, the values were USD 1.97, USD
1.18, and USD 1.20 per month, respectively. Although the difference between small-scale
hydropower and biomass power was small, respondents showed an overwhelmingly high
WTP for solar power.
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4. Conclusions

We have calculated the WTP for renewable energy of the people in Myanmar for each
type of renewable electric power generation source.

There has been global progress regarding the adoption of solar power, in line with
the contemporary reduction in prices. Myanmar has a complementary relationship with
hydroelectric power generation, which is a power source with strong seasonal fluctuations.
Additionally, given people’s preference for solar power in our results, this source should
probably be introduced more aggressively.

Compared to solar power, the WTP was much lower for biomass. Considering that
biomass was considered by 19% of the respondents as being not environmentally friendly,
which is higher than the results for solar and small-scale hydro, although biomass is
renewable, there is a strong concern in Myanmar regarding its impact on the environment.
The emittance of tar from electricity generation using rice husks as fuel has been recognized
as an issue. It is clear that people’s impression of biomass has yet to improve. This is
also shown by the fact that the results on WTP cast doubt on whether people consider
biomass electricity generation to be environmentally friendly. However, the potential
capacity of biomass electricity generation in Myanmar is high. Additionally, biomass lacks
the volatility of solar power, and the output of biomass electricity generation plants can be
controlled. Although it would make sense to make better use of this resource, when biomass
electricity generation is introduced, careful public communication is important, such as
adequate prior consultation with the relevant local communities, as well as initiatives to
prevent environmental pollution, such as making it obligatory to fit equipment that stops
tar emissions.

5. Policy Implications

The results showed a lower WTP for small-scale hydropower than for solar power.
Although not as extreme as biomass, the trends were similar. Fewer respondents knew
about small-scale hydropower than solar, and more respondents considered it as more envi-
ronmentally unfriendly than solar. There is room for improvement in people’s perceptions
of small-scale hydropower. Careful public communication is thus crucial.

Although Myanmar has abundant renewable energy resources, only large-scale hy-
dropower stations are being utilized as major electricity sources. The development of
large-scale solar power stations is also in its early stages, with reports of tendering [69];
however, the National Electricity Master Plan does not contain separate targets for the
adoption of renewable sources other than hydropower [70]. We believe that the first task
would be to propose plans for the introduction of each type of electric power generation.

In Myanmar, stand-alone mini-grids powered by small-scale hydroelectric systems
have been located in rural areas since the time of the military regime before democratization
in 2011 [71]. However, some difficulties in their operation and maintenance have been
pointed out, such as the distance of the site of the small-scale hydroelectric dam from the
village where the energy is consumed [72]. With regard to the development of large-scale
hydropower dams, their large size makes for a complex situation, giving rise to various
problems and prolonging development time. Considering that several difficult cases remain
unresolved, not least the Myitsone Dam, it is difficult to envisage further development of
large-scale hydropower dams. It is thus necessary to focus more on small-to medium-sized
hydropower dams with fewer issues and re-evaluate their roles.

In Myanmar, 70% of the population lives in rural areas [73] as does 87% of the
poorest segment of the population [52]. As such, there are significant differences between
urban and regional areas. In this study, we focused on urban areas when surveying
the WTP in the form of additional electricity expenditure. However, to investigate the
attitudes of households throughout Myanmar, further surveys in rural areas are needed.
Such surveys would surely require a great deal of time and money, including the cost of
securing researchers, transporting them to the relevant locations, and their accommodation.
Furthermore, for the inhabitants of areas that are not on the national grid, the status quo is
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to pay no electricity charges at all. Therefore, the creation of predicated scenarios would
require imagination, making it necessary to find a way to compare the relevant data with
those from urban areas. Even if these conditions are difficult to meet, this would be an
extremely interesting research project. Moreover, while this study analyzed survey data
from Myanmar, a comparison with the WTPs for renewable energy in other countries
would have great academic and practical significance, especially for developing countries
where fewer studies have been carried out to date.
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