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Abstract: Recent increases in fine and ultrafine dust in South Korea have led to sharp increases in
the sale of air purifiers, and that trend is expected to continue. As the sale of air purifiers increases,
the energy that is consumed by air purifiers also increases. Therefore, improving the energy efficiency
of air purifiers is an important part of improving the overall energy efficiency of society. We studied
how different incentive policies affect consumer behavior because encouraging people to buy energy
efficient air purifiers is important. We first investigated consumer preferences regarding air purifiers.
Stated preference data were gathered from a choice experiment and a mixed logit model was used for
the analysis. The results show that the most preferred attribute was price, followed by an eco-label.
Based on that result, we conducted a scenario analysis to examine the economic and environmental
effects of an incentive policy and eco-labeling. The monetary incentive policy increased the market
share for air purifiers with a first-grade energy efficiency rating to 2.2%. The annual electricity use
reduction was 5.9 GWh, with a CO2 emission reduction of 2520 tons and a policy monetary benefit
of KRW 441,340,922 when we converted the effect of that market share change into economic and
environmental terms. Eco-labeling also brought considerable change in the market share. These results
provide a reference for implementing policies to encourage consumers to purchase energy efficient
air purifiers.

Keywords: air purifier; energy efficiency; eco-label; incentive policy; choice experiment;
hedonic pricing; greenwashing

1. Introduction

As economic growth occurs worldwide, energy demand has continuously increased, causing
serious problems, such as global warming, air pollution, and ozone destruction. Therefore, improving
energy efficiency, which is cost effective and has no negative social effects, has become important [1].
Energy efficiency can be improved on both the supply and demand sides. On the supply side, suppliers
or generators can improve the efficiency of energy production and, on the final demand side, consumers
can use energy efficient instruments. The laws of thermodynamics and physics limit improvements to
energy efficiency on the supply side [1]. Therefore, using generated energy efficiently on the consumer
side is necessary. Specifically, in the residential sector, the use of energy efficient appliances is important
because the energy that is consumed by appliances has increased 58% since 2000 [2].

Recently, in South Korea, fine and ultrafine dust has become a serious national problem.
The number of pm 2.5 ultrafine warnings between 1 January and 1 April increased by 3.4 times,
from 51 in 2016 to 160 in 2018. Since 1 January 2019, the number of warnings has already exceeded
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200 [3]. The concentration of ultrafine dust is also very high, at 25.1 ppm, which is more than twice the
organization for economic cooperation and development (OECD) average of 12.5 ppm [4]. As a result,
air purifier sales have dramatically increased, from 0.8 million units in 2015 to about 2 million units in
2018, making them a KRW 1.4 trillion (USD 1 = KRW 1125.50) market [5] that is expected to continue
growing. Increased sales of air purifiers have resulted in an increase in the amount of energy that is
used by air purifiers, which has made the minimization of that increased energy use through the use of
energy efficient air purifiers very important.

Therefore, the government should implement policies to encourage people to buy energy efficient
air purifiers. Policies that could encourage consumers to buy energy efficient appliances include direct
incentive policies, energy-labeling policies, and eco-labeling. A direct incentive policy financially
supports consumers when they purchase an energy efficient appliance. An energy-labeling policy
labels products with energy efficiency ratings and energy consumption data. Eco-labeling identifies the
products that require minimal energy and resources and that generate minimal greenhouse gases and
pollutants. Previous studies have demonstrated that direct incentive policies, energy-labeling policies,
and eco-labeling all affect energy usage [6–13]. However, such polices only succeed in increasing
energy efficiency if people buy energy efficient appliances. Therefore, it is important to analyze which
attributes consumers most prefer when they are shopping for air purifiers, because that information
will make it possible to encourage people to purchase energy efficient air purifiers.

A choice experiment (CE) is commonly used to analyze consumer preferences regarding appliance
attributes. Lee et al. [14] studied the effect of screen size on the purchase of televisions and found that
people prefer to purchase TVs with smaller screens rather than larger screens. Waechter et al. [15]
studied the effects of energy-labeling on the purchase of televisions and refrigerators and found that
energy-labeling had rather low effects on consumer purchases. Zhou and Bukenya [16] studied how
much energy-labeling affects the purchase of air conditioners and found that consumers preferred
higher energy grades. Ward et al. [17] considered whether being made in a manufacturing factory that
is a green power partner affected the purchase of air conditioners. Consumers were willing to pay
$48.52 to $70.95 more for a refrigerator that was made by a green power partner. However, few studies
have analyzed the effects of incentive policies regarding the purchase of energy efficient air purifiers
or performed a cost-benefit analysis of such an incentive policy. Other polices that could affect the
purchase of air purifiers should also be considered.

We collected stated preference data using a survey and analyzed those data with the CE method
to fill that research gap. We estimated consumer preferences for price, filter grade, coverage, power
consumption, eco-labeling, and CA (Clean air)-labeling, and we quantified those consumer preferences
with the marginal willingness-to-pay (MWTP) for each attribute. A mixed logit model that was
based on Bayesian estimation was used as the estimation model. Taking the results of that analysis,
we next considered whether a particular direct incentive policy would encourage consumers to buy an
energy efficient air purifier and then conducted a cost-benefit analysis of that incentive policy. We also
analyzed the effects of eco-labeling on the purchase of energy efficient air purifiers.

The rest of this study is organized, as follows. In Section 2, we summarize previous studies
of energy-labeling, incentive policies, and eco-labeling. In Section 3, we describe our mixed logit
model and the Bayesian estimation method. In Section 4, we describe how we designed our survey
instrument. The description includes the CE attributes and attribute levels, an example choice set,
and the demographic properties of the survey respondents. In Section 5, we discuss our results and
use hedonic pricing to simulate the effects of a direct incentive policy and eco-labeling on the purchase
of energy efficient air purifiers. In the conclusion, we summarize our results, discuss this study’s
limitations, and explain the policy implications of our findings.

2. Background

Energy-labeling provides information regarding the energy efficiency and energy consumption
of household appliances and effectively communicates energy usage information to consumers.
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Energy-labeling has been shown to affect the decision-making process when people are selecting
products [18,19], and the implementation of an energy-labeling policy plays an important role in
the diffusion of energy-efficient products [20]. Many countries have mandated energy-labeling for
household electrical appliances to improve the efficiency of household power consumption [21]. People
want information that will allow them to lower their energy costs and improve the environment,
and they are willing to pay extra money to get that information [17].

Energy-labeling of household appliances not only helps to reduce electricity consumption at home,
but it also benefits society by improving the environment. Households tend to reduce their energy
use when information regarding energy consumption is provided, reducing household electricity
consumption by about 2% [22,23]. Energy-labeling also helps to lower peak power demand by reducing
the power consumption of appliances [24]. On the environmental side, energy-labeling can help to
reduce greenhouse gas emissions, particularly in countries that heavily rely on fossil fuels for power
generation [25].

Several factors that affect the diffusion of energy-efficient household appliances influence
energy-labeling. For instance, consumer awareness of energy-labeling and pro-environmental
attitudes affects personal norms through individual responsibility, which encourages the purchase of
energy-efficient, environmentally friendly products [26–28]. Moreover, consumer preferences tend to
improve when energy-consumption information is effectively communicated through well-designed
energy labels [28–30]. Providing consumers with direct incentives to purchase energy-efficient products
also positively affects the market share of such products [31]. Incentives can help early-stage products to
mature in the marketplace and encourage private investment [32]. Consequently, providing incentives
for energy-labeling accelerates the diffusion of energy-efficient products into the marketplace, thereby
increasing the effects of energy-labeling polices [9]. Therefore, the government often uses incentive
policies to encourage consumers to invest in energy efficient products, and an incentive program has
been developed to ensure that such products are rapidly introduced into the market [8].

Korean people have become interested in air purifiers, whose sales volume is increasing due to
environmental problems. Growth in the air purifier market is closely linked to energy consumption,
and polices, such as energy-labeling, could help reduce energy consumption by promoting the sale of
energy-efficient air purifiers [33]. However, the policy might not have a significant effect on consumer
decisions to purchase energy efficient appliances [27,34], so both the costs and benefits of any policy
should be considered before implementation [9]. Therefore, here, we analyze the cost and benefits of
energy-labeling incentives by using hypothetical scenarios to prepare for the increase in electric power
consumption that is already being caused by the increase in air purifier use.

In addition to energy-labeling, air purifiers that are sold in Korea have eco-labeling that
certifies environmentally friendly products that offer low carbon emissions from production to
disposal. Consumers prefer pro-environmental products when they are deciding to purchase
products [35]. However, when consumers think that the pro-environmental information on products is
exaggerated [36], they consider it greenwashing. People stop trusting the pro-environmental information
that companies provide as the perception of greenwashing increases [37–39]. People’s mistrust causes
confusion and eventually results in a reduction in the quality of pro-environmental products [40].
The effects of greenwashing mean that pro-environmental information can lead consumers to hold off

on their purchases of pro-environmental products [37,39,41].
Therefore, here, we consider the effects of both a direct incentive policy and eco-labeling on

Korean consumers’ air purifier selection. We also analyze the costs and benefits of those incentives in
terms of market share change. In general, previous studies have focused on how much labeling and
incentive policies affect consumer purchases. In this study, instead, we use simulations to identify the
policy effects in terms of market share change, and we analyze the positive effects of those market
share changes in terms of electricity use and greenhouse emissions.
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3. Methodology

3.1. Discrete Choice Model

We used discrete choice models to analyze consumer preferences for core factors when purchasing
air purifiers, such as price, filter grade, power consumption, and eco-labeling. According to Hess
et al. [42], several choice paradigms can be applied in choice modeling, including random utility
maximization models, random regret minimization models, and elimination by aspects models.
Random utility maximization models are the most commonly used among those choice paradigms.
Those models assume that consumers choose a product that maximizes their utility and where consumer
heterogeneity exists. We used a mixed logit model to analyze consumer preferences regarding air
purifiers in South Korea. The mixed logit model overcomes the multinomial logit model’s limitations
by incorporating respondent heterogeneity and relaxing the independence from irrelevant alternatives.
The utility for alternative j selected by consumer n in choice situation t based on the random utility
model is expressed as Equation (1) [43,44]:

Unjt = Vnjt + εnjt = β′xnjt + εnjt (1)

where the component of this expression is composed of a determinant part Vnj and a stochastic part εnj.
xnjt is a vector that represents consumer n’s observable attributes for alternative j in choice situation
t. β′ is a preference parameter that represents the corresponding attribute. The stochastic part is a
random error term that represents unobservable influences. The probability that consumer n chooses
alternative j in choice situation t is defined as Equation (2) [44]:

Pnjt =

∫ exp
(
Vnjt

)∑
m exp(Vnkt)

f (β)dβ. (2)

We estimate the mixed logit model through the Bayesian estimation method, which can flexibly
cope with problems, such as the complexity of expressions and the local optimal solution that occur
while estimating the likelihood function. We calculated the MWTP and relative importance (RI) to
derive a comparable meaning through the estimated β. MWTP indicates the amount respondents are
willing to pay to maintain their utility when the level of an attribute changes by one unit, and it can
be calculated by dividing each attribute parameter by the price parameter, as shown in Equation (3).
RI represents how much each attribute or alternative influences the situation in which the respondents
chose an alternative. Multiplying the estimated coefficient by the part-worth calculates its value, which
is an interval of the attribute level, as shown in Equation (4).

MWTPn = −
βn

βprice
(3)

RIn =
part−worthn∑
n part−worthn

× 100 (4)

3.2. Hedonic Pricing

Rosen first introduced the hedonic pricing method in 1974, and Freeman summarized it in 1979.
Hedonic pricing is used when analyzing which attributes affect prices and how much each attribute
affects the price. Therefore, hedonic pricing is used in many areas, such as housing [45], tourism [46],
and appliances [47]. Equation (5) shows the equation for the hedonic pricing method.

P(H) = f (C1, C2, . . . , Ck) (5)
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P(H) is the vector price of a product and Ck is an attribute of that product. Each point of the price
in P(H) is determined by a set of Ck [45]. Computing this equation at each point with a regression
analysis makes it possible to derive a coefficient for each attribute. The significance of the coefficients
indicates whether an attribute is a core factor of pricing. Furthermore, the value of an attribute’s
coefficients implies the marginal price of that attribute.

4. Survey Design

The survey for this study was conducted online in July 2018 by a professional survey company
(Gallup Korea). A total of 304 respondents in South Korea between the ages 20 and 60 completed
our questionnaire. Householders and their spouses participated in the survey. The respondents were
selected to approximate the gender and age distributions of the population in Korea. Table 1 provides
the demographic properties of the survey respondents.

Table 1. Demographic properties of the sample.

Category Detail Respondents Percentage (%) General Population 1

Total 304 100 51,446,000

Sex
Male 153 50.3 50.1

Female 151 49.7 49.9

Age

20–29 41 13.5 10.0
30–39 106 34.9 23.3
40–49 110 36.2 32.5
50–59 47 15.5 34.2 2

Income (KRW 10,000) 3

<300 103 33.9

-300–399 59 19.4
400–499 48 15.8

>500 94 30.9

Education

Under high school 2 0.65

-High school 17 5.6
University/college 228 75
Graduate school 57 18.75

Note: 1 The Korean Statistical Information Service (http://kosis.kr/eng) provides information about the general
population of Korea. To compare with the survey data, we extracted information about the heads of households
and their spouses. 2 Because the survey was conducted online, respondents older than 50 had a low response rate.
3 Average monthly income in 2016 was KRW 4.4 million per household.

In a conjoint analysis, it is possible to know how much respondents prefer one attribute when
compared with others [48]. For this reason, CEs are often used to analyze consumer preferences for
appliances. Using attributes and attribute levels to create alternatives, one can create choice sets for
respondents, who then choose what they prefer [49]. When selecting attributes, it is important that they
be essential to the product to provide circumstances that are similar to those in the real market [50].

For this study, we chose residential air purifiers as the target product. As the core attributes,
we chose price, filter grade, coverage, power consumption, eco-labeling as certified by the government,
and CA-labeling as certified by the Korean air cleaning association (an industry organization). Price is
a main attribute that affects consumer choice, so many previous studies of consumer preferences for
appliances have included price as an attribute [15,51–54]. Filter grade is included, because people who
generally value clean air want to buy a purifier that filters as many pollutants as possible [55], which
makes it an attribute that affects consumer purchases. Coverage and power consumption are included
to consider the air purifier’s performance and energy consumption. Additionally, these attributes
can be used to infer the energy efficiency rating [56]. Other studies have similarly included energy
efficiency and energy efficiency rating as attributes [16,51,52,57]. The eco-label tells consumers whether
the government has certified that the air purifier minimizes the need for energy and resources and the
generation of greenhouse gases and pollutants [58]. In a similar way, the CA-label tells consumers

http://kosis.kr/eng
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whether the Korean air cleaning association has certified an air purifier. Although the CA-label was
not considered to be an attribute in previous studies, we included it, because we expected it to be an
important factor that affects people’s purchases. Previous studies included brand as an attribute. We
do not include brand, because that is not the focus of this study. Table 2 lists the attributes and their
corresponding levels.

Table 2. Air purifier attributes and attribute levels.

Attribute Description Level

Price (KRW10,000) Price 10/25/50/100

Filter grade

E11 grade filter

- Dust elimination ratio: 95% ratio
- Filterable dust particle size: > 0.5 µm E11/H13/U15

H13 grade filter

- Dust elimination ratio: 99.95% ratio
- Filterable dust particle size: >0.3 µm

U15 grade filter

- Dust elimination ratio: 99.995% ratio
- Filterable dust particle size: >0.3 µm

Coverage (m2)
Area appliance can purify (encouraged
adequate area is 130% of living area) 17/33/66/100

Power consumption (W) Amount of electricity used per second 10/30/50/75

Eco-label Government certified as eco-friendly No eco-label/eco-label

CA-label Industry certified performance No CA-label/CA-label

All of the attributes and attribute levels create a total of 768 (4 × 3 × 4 × 4 × 2 × 2 = 768) alternatives,
which is too many to offer to respondents. Simply reducing alternatives for statistical efficiency can
create a dominant option, which causes an inefficiency of design. Therefore, alternatives have to be
reduced while using a fractional factorial design that considers both the statistical efficiency and design
efficiency [47]. In this study, we used fractional factorial design to reduce the original 768 alternatives
to 16 alternatives, which we divided into four choice sets. We carefully considered the arrangement of
alternatives to prevent a dominant alternative from occurring. Table 3 provides an example choice set.

Table 3. Example choice set.

Attribute Type A Type B Type C Type D

Price (KRW) 1,000,000 1,000,000 500,000 500,000
Filter grade (removal efficiency %) E11 (95%) H13 (99.95%) E11 (95%) E11 (95%)

Coverage (m2) 17 66 33 66
Power consumption (W) 75 50 30 75

Eco-label Eco-label No eco-label No eco-label Eco-label
CA-label CA-label No CA-label No CA-label No CA-label

Most preferred type � � � �
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5. Results and Discussion

5.1. Model Estimation

Equation (6) provides the equation used to estimate the random utility function for respondent j
in the mixed logit model.

Unj = β1Xpri + β2X f il + β3Xcov + β4Xcon + β5Deco + β6DCA + εnj (6)

Here, Xpri, X f il, Xcov, and Xcon are continuous variables, and Deco and DCA are the dummy variables.
Xpri represents the price, with a high value of Xpri meaning that the product is expensive. X f il is the
filter grade, with a high value of X f il meaning that the product can filter smaller sizes of fine dust.
Xcov and Xcon represent coverage and power consumption, respectively, with higher values indicating
that the coverage and power consumption are larger. Deco(=0 or 1) represents eco-labeling, with a
value of 0 indicating no eco-label and 1 indicating an eco-label. Similarly, DCA (=0 or 1) represents the
CA-label, with 0 indicating no CA-label and 1 indicating a CA-label. All of the variables are assumed
to have a normal distribution.

In this study, we used the Bayesian method to estimate the mixed logit model. We drew 20,000 samples
and burned in 10,000 samples to eliminate the starting point effects. Our estimations were performed
using the remaining 10,000 samples. Price, coverage, and eco-label were significant at 1% in the results,
and the rest of the attributes were significant at 5%. We analyzed MWTP and RI to quantify those
results with monetary units. Table 4 shows the estimation results.

Table 4. Estimation result of mixed logit model.

Attribute Assumed Distribution Mean of β Std. err. P > |t| MWTP (KRW) RI

Price (KRW) Normal −0.19948 *** 0.02757 *** 0.000 - 32.5%
Filter grade Normal 4.18264 *** 0.63493 ** 0.000 20,762 3.8%

Coverage (m2) Normal 0.16636 ** 0.07739 *** 0.032 8,440 7.4%
Power

consumption
(W)

Normal −2.09244 *** 0.34048 ** 0.000 −10,438 24.6%

Eco-label Normal 1.50229 *** 0.15072 *** 0.000 753,277 27.5%
CA-label Normal 0.20861 0.22109 ** 0.345 99,923 4.2%

Note: *** Significant at the 1% level; ** Significant at the 5% level.

As shown in Table 4, the coefficients for price and power consumption are negative, and those
for the rest of the variables are positive. A negative coefficient means that consumers prefer that
attribute to have a smaller value. In other words, consumers prefer prices to be cheaper and the power
consumption to be lower. Low power consumption means lower power costs, which is generally
consistent with the preference for low prices. In contrast, the coefficients for coverage and eco-label are
positive, indicating that consumers prefer air purifiers with larger coverage areas and eco-labels.

MWTP indicates the willingness to pay for a one-unit change. In the filter grade, consumers are
willing to pay KRW 20,762 for an air purifier with a higher rating. In coverage, consumers are willing
to pay KRW 8440 for an air purifier with a 1 m2 increase in area being covered. In power consumption,
consumers are willing to accept a power consumption increase of 1 W if they can pay KRW 10,438 less.
Consumers are willing to pay KRW 753,277 more for an air purifier with an eco-label.

As for RI calculations, the order was price, eco-label, power consumption, coverage, and filter
grade. The RI of the CA-label attribute was relatively low when compared with the other attributes.
As the value consumers place on pro-environmental products that are certified by the government has
become higher, enterprises have started labeling their products with their own pro-environmental and
performance certifications. The increased number of labels has caused confusion (called greenwashing)
among consumers, who cannot always distinguish the official eco-label certification by the government
from private labels. Some people are even willing to pay more money for private labels than for official
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labels [36]. However, the coefficient for the CA-label is insignificant as shown in Table 4. In other
words, respondents indicated that the CA-label does not affect their willingness to pay for an air
purifier, which means that greenwashing has not happened in air purifier labeling.

5.2. Scenario Analysis

In July 2016, the South Korean government tried to implement an incentive policy to support 10%
of the price of appliances with a first-grade energy efficiency rating. However, the government failed
to raise sufficient funds for that program and announced that it would pay for products that were only
purchased at certain stores. That announcement caused much controversy, and so the program did not
go into effect. Therefore, in this study, we conducted scenario analyses to simulate the incentive policy
as originally planned and then analyze whether it could encourage consumers to buy an air purifier
with a first-grade efficiency rating.

We first collected price, filter grade, energy efficiency rating, CA-labeling, and coverage data for
air purifiers in the market to run the simulation. Subsequently, we set price as a dependent variable
and filter grade, energy efficiency rating, CA-labeling, and coverage as independent variables. Next,
while using the hedonic pricing method, we estimated the effects of each variable on price, and then
we simulated the effects of a 10% incentive policy on market share.

To collect data regarding air purifiers in the market, we used the online commercial shopping
mall Danawa (www.danawa.com). We collected data on 137 air purifiers in February 2019. Equation
(7) provides the regression equation that we used to conduct the hedonic pricing analysis. β1 is the
coefficient of the filter grade, β2 is the coefficient of the energy efficiency rating, β3 is the coefficient of
the CA-label, and β4 is the coefficient of coverage.

Y = α+ β1X f il + β2Xe f f + β3DCA + β4Xcov (7)

In regression analysis (Table 5), the filter grade is significant at the 10% level, energy efficiency
rating and CA-labeling are significant at the 5% level, and coverage is significant at the 1% level. Except
for the energy efficiency rating, all of the variables have a positive relationship with price; in other
words, having a high filter grade, CA-label, and large coverage all make an air purifier more expensive.
In contrast, energy efficiency has a negative relationship with price; an air purifier with an energy
efficiency rating that is close to 1 (the best grade) is more expensive than one with a higher energy
grade. The result for CA-label is intriguing among those variables. CA-label is not significant in
the respondents’ preferences, which means that consumers are not willing to pay more money for
an air purifier with a CA-label than for one without it, as shown in the results in Table 4. However,
when enterprises set the price of an air purifier, the CA-label had the largest effect among the variables
tested. When consumers buy an air purifier that has the performance that they need and a CA-label they
does not need, the price of the CA-label could already be reflected in the price. Therefore, consumers
should pay attention to product labels to ensure that they buy an air purifier with the certification that
they want.

Table 5. Estimation results from hedonic pricing analysis.

Parameter Coefficient Standard Error t-Value P > |t|

α 112,929 97,499 1.158 0.2488
β1 28,497 * 16,631 1.713 0.0890
β2 −42,805 ** 21,208 −2.018 0.0456
β3 58,566 ** 31,972 2.582 0.0109
β4 6184 *** 1053 5.871 3.33 × 10−8

Observation 137 Log likelihood −1851.933

Note: *** Significant at the 1% level; ** Significant at the 5% level; * Significant at the 10% level.

www.danawa.com
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Using data that were collected from the real market, we calculated the average for each variable to
set the initial market share. The averages were: filter grade E12, energy efficiency rating 2.3, coverage
of 51 m2, and no CA-label. Thus, the initial market was set for an air purifier with 99.5% dust removal
efficiency, an average energy efficiency rating in the second-grade, 15 pyung (Pyung is a unit of South
Korean housing that is about 3.3 m2) of coverage, and no eco-label or CA-label. The air purifier had
no eco-label because only two air purifiers available in South Korea have an eco-label, and it had no
CA-label because the CA-label was insignificant in the consumer preference analysis. The coverage
was fixed at 15 pyung, and the power consumption was varied to affect the energy efficiency grade
(because the energy efficiency rating can be inferred from the power consumption and coverage) [49].
The price gap between energy efficiency ratings was KRW 40,000, so we set the price of each air
purifiers. Table 6 presents the market share results for air purifiers that were created by this process.

Table 6. Initial market share for air purifiers.

Attribute 1st-Grade 2nd-Grade 3rd-Grade 4th-Grade 5th-Grade

Price (KRW 100,000) 4.4 4 3.6 3.2 2.8
Filter grade 0.995 0.995 0.995 0.995 0.995

Coverage (15 pyung) 1.5 1.5 1.5 1.5 1.5
Power consumption (100 W) 0.24 0.48 0.72 0.96 1.2

Eco-label 0 0 0 0 0
CA-label 0 0 0 0 0

Market share 38.4% 22.4% 15.4% 12.4% 11.5%

Table 7 shows the market share change toward first-grade energy efficiency rating air purifiers
caused by various incentive proportions.

Table 7. Change in market share by incentive policy.

Incentive Price
(Incentive Proportion %)

Market Share

1st-Grade 2nd-Grade 3rd-Grade 4th-Grade 5th-Grade

Base 38.4% 22.4% 15.4% 12.4% 11.5%
KRW 8800 (2%) 38.8% 22.2% 15.3% 12.3% 11.4%

KRW 17,600 (4%) 39.2% 22.0% 15.2% 12.2% 11.4%
KRW 26,400 (6%) 39.7% 21.8% 15.1% 12.1% 11.3%
KRW 35,200 (8%) 40.1% 21.6% 14.9% 12.0% 11.3%
KRW 44,000 (10%) 40.6% 21.4% 14.8% 12.0% 11.2%
KRW 52,800 (12%) 41.1% 21.3% 14.7% 11.9% 11.1%
KRW 61,600 (14%) 41.5% 21.1% 14.6% 11.8% 11.0%
KRW 70,400 (16%) 42.0% 20.9% 14.5% 11.7% 11.0%
KRW 79,200 (18%) 42.4% 20.7% 14.3% 11.6% 10.9%
KRW 88,000 (20%) 42.9% 20.5% 14.2% 11.5% 10.8%

The simulation results show that the incentive policy effectively encourages people to buy energy
efficient air purifiers [9]. In the simulation, the market share of the first-grade energy efficiency air
purifiers increased by 4.5% when 20% of the price of a first-grade energy efficiency air purifier was
given as an incentive. The market share of first-grade energy efficiency air purifiers increased by
2.2% when 10% of the price of a first-grade energy efficiency air purifier was given as an incentive
(as originally planned in the South Korean policy).

Subsequently, we analyzed whether the change in market share from a 10% incentive was cost
effective by considering the annual appliance usage time [59], average time of air purifier usage
(h/day) [56], CO2 emissions (g/h) [56], price of electricity (KRW/kWh) [60], and price of CO2 emissions
(KRW/ton) [61]. We found that the change in market share driven by a 10% incentive policy reduced
the annual electricity usage by about 5.9 GWh and annual CO2 emissions by about 2520 t. Therefore,
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the total reduction in electricity usage is about 39.66 GWh and the total reduction in CO2 emissions
is about 16,857 t, given that household appliances are generally used for 6.69 years [59] before they
are replaced. An annual gain of KRW 441,340,922 could be obtained through the incentive policy
when those effects are converted into monetary units as a benefit by multiplying them by the price of
electricity and CO2 emissions, with the 10% price incentive being counted as the cost [32].

Next, we considered what else could affect market share. We simulated the market change
when only first-grade energy efficiency air purifiers had an eco-label, when only second-grade energy
efficiency air purifiers had an eco-label, and when both first- and second-grade energy efficiency air
purifiers had an eco-label to estimate the effects of eco-labeling as an alternative. Table 8 provides the
results of those simulations.

Table 8. Change in market share caused by eco-label changes.

Attribute
Market Share

1st-Grade 2nd-Grade 3rd-Grade 4th-Grade 5th-Grade

Base 38.4% 22.4% 15.4% 12.4% 11.5%
1st/Eco 64.3% 14.9% 8.8% 6.4% 5.5%
2nd/Eco 26.8% 52.9% 8.7% 6.3% 5.4%

1st, 2nd/Eco 47.8% 32.2% 9.2% 6.0% 4.8%

In this simulation, when the air purifiers had an eco-label, consumer purchasing increased in
every case. When only first-grade energy efficiency air purifiers had an eco-label, their market share
increased by about 26%. When only second-grade energy efficiency air purifiers had an eco-label,
their market share increased by about 30%. When both first- and second-grade energy efficiency air
purifiers had an eco-label, the market share of the two grades together reached 80%.

6. Conclusions

Environmental pollution and the negative effects of increasing energy consumption worldwide
have made it important to use energy efficiently. Energy usage from residential appliances has increased
58% since 2000, which has raised concerns about the use of energy efficient appliances. Recently in
South Korea, increased fine and ultrafine dust has caused the sale of air purifiers to soar. Therefore,
the government should encourage consumers to buy energy efficient air purifiers.

In this study, we have analyzed the effects of a direct incentive policy and eco-labeling in
encouraging consumers to buy energy efficient air purifiers. First, we conducted a CE to quantify
consumer preferences for air purifier attributes when they are making purchase decisions, following
previous studies that analyzed consumer preferences for other appliances [14–17]. The RI results show
that consumers’ preferred attributes were price, eco-label, power consumption, coverage, CA-label,
and filter grade, in that order, with the highest MWTP being for eco-labeling. Similar to previous
studies, the efficiency rating, which can be inferred from power consumption and coverage, was
significant in the purchase of air purifiers [22,23,33], as was the presence of an eco-label [35].

Although previous studies had considered incentive policies and energy-labeled appliances [9],
studies quantifying the effects of an incentive policy on consumer purchases of energy efficient air
purifiers were insufficient. Due to the problem of fine dust in Korea, the sales of air purifiers have
increased, and the effect of the energy-labeling incentives on air purifiers should be analyzed before
a policy is enacted. Therefore, we conducted a simulation to analyze how a direct incentive policy
and eco-labeling encouraged consumers to buy energy efficient air purifiers. The simulation results
show that an incentive policy that offers 10% of the price of an appliance with a first-grade energy
efficiency rating, which the South Korean government tried to implement, increased the market share
of first-grade efficiency rating air purifiers by 2.2%. The effects of that change in market share were an
annual reduction in electricity usage of 5.9 GWh and in CO2 emissions of 2520 t. This policy produced
benefits of KRW 441,340,922 when converted into monetary units for a cost-benefits analysis. Using
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eco-labeling of both first- and second-grade energy efficiency air purifiers as the incentive, the market
share of the two grades together reached 80%.

Although the incentive policy was beneficial, it did not have significant effects on market share,
because in the base market scenario, 60% of consumers already purchased air purifiers with first-
and second-grade energy efficiency ratings. That is, consumers who value energy efficiency ratings
already purchase air purifiers with high energy efficiency ratings, so the incentive policy had little
effect. Another interpretation is that consumers who bought energy efficient air purifiers value
attributes other than price when making their purchasing decisions. Eco-labeling brought considerable
changes in market share, indicating that consumers prefer to buy environmentally friendly air purifiers
whose value is certified by the government. The government should thus implement a policy that
encourages enterprises to obtain eco-label certification for their energy efficient air purifiers instead
of implementing an incentive policy to encourage consumers to buy energy efficient air purifiers.
Although we could not quantify the eco-labeling policy, the simulation results show that both the
incentive and eco-labeling policies encourage people to buy energy efficient air purifier, which confirms
the findings of previous studies [9,26–28,31].

This study has some limitations despite its strengths. When conducting the consumer preference
survey, we used coverage and power consumption to infer the energy efficiency rating. Thus, the data
that we collected from the real market used different energy efficiency ratings from those inferred for
the consumer survey. Although we revised the value with real market data, it was difficult to tell
whether the effects reflected the energy efficiency rating alone or a mixture of power consumption
and coverage data. In addition, our survey had 304 respondents; future studies could improve their
precision by increasing the number of respondents. Finally, it was difficult to estimate the cost of
implementing an eco-labeling policy, which made conducting a cost-benefit analysis of that incentive
policy impossible. In other words, although eco-labeling significantly changed market share, it might
be still ineffective from the perspective of a cost-benefit analysis. Future studies should work around
those limitations and more precisely analyze incentive policies for energy efficient appliances.
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