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Abstract

:

Recently, the Indonesian government has been increasingly encouraging the population to utilize electric vehicles. In the public transportation sector, including ride-hailing services, the use of electric vehicles, especially motorcycles, is promoted. This study aims to explore the willingness to adopt electric motorcycles among ride-hailing drivers by specifying the preference for buying or renting in adopting electric motorcycles. Using a stated preference method, an interview survey was conducted on 416 ride-hailing drivers in Yogyakarta, Indonesia. Nine variables were tested to understand the determinants of electric motorcycle adoption, including purchase or rental costs, cost for motorcycle title transfer, fuel price, maximum coverage distance, maximum speed, the distance between battery exchange stations, annual tax, and credit payment. By using the ordered logit model, the results revealed two variables affecting the purchase of electric motorcycles: purchase price and maximum coverage distance. Meanwhile, four variables significantly influenced the determination of electric motorcycle rental: coverage distance, fuel price, rental fees, and the distance between battery exchange stations. Sociodemographic variables also significantly affect the decision to rent but not purchase electric motorcycles. Meanwhile, full-time drivers and students who work part-time as drivers are more likely to rent electric motorcycles. This study also found that renting electric motorcycles had a better likelihood of adoption than owning them. Finally, several policies were proposed to boost the adoption of electric motorcycles among ride-hailing drivers, including subsidy provisions, technology improvement, and priority provisions for drivers who use electric motorcycles.
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1. Introduction


Although the use of motorcycles is unsafe [1,2,3], motorcycles are a space-efficient travel mode because of their size and mobility [4,5,6,7]. In some Indonesian cities, such as Solo [8] and Yogyakarta [9], the narrow streets in the city center cause people to prefer to use motorcycles rather than cars and public transport. People living in Yogyakarta also have a high dependence on motorcycles to support their daily needs [9]. A similar situation also occurred in many cities in Asia, Africa, and Latin America, where motorcycle use and ownership has grown dramatically in the last three decades [10].



In the last few decades, the emergence of motorcycle-based ride-hailing (MBRH) services has caused Indonesian people to become more dependent on motorcycles. The high dependence of the community on MBRH services is because, apart from transportation, they can also be used to deliver fresh food and shopping goods [11]. Interestingly, the delivery services offered by MBRH service have been proven to reduce people’s mobility [12]. Unfortunately, the majority of motorcycles used in ride-hailing services are gasoline-powered motorcycles [13]. Based on an Institute for Essential Services Reform (IESR) report, the current demand for electric motorcycles is very low compared to the total production capacity, which has reached 877,000 units/year [14]. For example, sales of electric motorcycles in 2020 only reached 0.26% (1947 units) of the 750,000 production target. Due to this, since 2020, the government has dealt with the MBRH companies, i.e., Gojek and Grab, as the two biggest ride-hailing companies [15], to encourage MBRH drivers to use electric motorcycles. The government and MBRH companies conducted a pilot program in 2020 by providing electric motorcycles without rental fees. Moreover, Grab provided more than 6000 electric motorcycles for their drivers in 2021 [16]. As discussed by Wu and Kontou, it is expected that electric motorcycles could be a solution for green transportation and reduce the emissions produced by gasoline-powered motorcycles [17].



However, previous studies showed many barriers to adopting electric vehicles. An investigation revealed that refueling times and the limited driving range of electric vehicles had become the reasons for people in the Netherlands to keep owning gasoline-powered cars rather than adopting electric cars [18]. Meanwhile, a study in Norway revealed that the charging station quantity significantly affected the growth of electric vehicle adoption [19]. A similar finding was also discovered in France, where it was said that the position of charging stations in public spaces impacted the adoption of electric vehicles [20]. Supporting other studies, a study in the United States revealed that battery range, cost, charging stations, and safety are significant concerns, ordered from the highest to lowest, in adopting electric vehicles [21]. Additionally, state regulatory factors also significantly influenced the adoption of electric vehicles. A study showed that exemptions from value added tax (VAT) and purchase tax could significantly increase the demand for electric vehicles in Norway [22]. Meanwhile, policy incentives for electric vehicles, including free/discounted electric charging, purchase tax reduction/exemption, and free parking, effectively stimulated the willingness to buy electric vehicles in China [23]. The study also found that driving privileges for electric car drivers, such as free access to bus lanes and driving restriction rescission, could also increase the adoption of electric vehicles [23]. A similar result was found by Li et al. [24], showing that financial subsidies, driving privileges, preferential tax, and free parking for electric vehicles increased the number of consumers of electric cars. However, another study revealed that not all electric car consumers were affected by bus lane driving privileges and toll exemptions [22].



Therefore, this study aims to examine the factors influencing the preferences of MBRH drivers in adopting electric motorcycles. A study showed that involving electric vehicles as a mode option for ride-hailing service is crucial to creating an improved potential commercial future for ride-hailing [25]. Moreover, studies also found that ride-hailing services, not only motorcycle-based but also car-based, have replaced the mode option of private vehicles and public transport in Asian countries [26,27] and American and European countries [28,29,30]. Although previous studies have also investigated the adoption of electric ride-hailing [31,32,33], those studies focused on car-based ride hailing. In fact, there are different characteristics between electric cars and motorcycles. For example, the difference in purchase price between electric and gasoline-powered motorcycles is not as high as the purchase price difference between electric and gasoline-powered cars. In addition, the electric motorcycles’ refueling time is much shorter than electric cars. Due to this, this study is expected to enhance the existing literature on electric vehicles from a motorcycle mode context. Furthermore, this study examined the adoption of electric motorcycles for ride-hailing services in two models: buying and renting. A ride-hailing study in the United States also considered the preference to buy, rent, or lease a new vehicle, where they found that renting and leasing services offered by ride-hailing companies could attract drivers to adopt a new car [32]. Currently, vehicle rental is also in great demand in various countries such as European countries, including Spain [34], Italy [35], and Germany [36]. In this regard, this study could expand the current knowledge concerning preferences for electric motorcycles for ride-hailing services in the case of purchasing and renting an electric motorcycle. On a practical level, this study is expected to assist the government and MBRH companies in determining appropriate policies for encouraging the shift from gasoline-powered to electric motorcycles, which positively impacts air pollution [37] and traffic noise [38].



The remainder of this paper is organized as follows. The literature review containing previous studies on electric motorcycle preferences and electric ride-hailing is presented in Section 2. Section 3 discusses the study method, followed by survey design and data collection in Section 4. The findings of the research are discussed in Section 5. The paper is completed with the conclusion, policy recommendation, and future research possibilities in Section 6.




2. Literature Review


Although the literature shows that many studies investigated the determinants of electric vehicle adoption, most focused on car mode [39,40,41]. Meanwhile, limited studies explored the factors influencing the adoption of electric motorcycles. In an Indonesian cities context, a study employed a mixed logit model to assess the extent to which electric motorcycles have the potential to replace gasoline-powered motorcycles [8]. By using a stated preference survey, respondents were faced with five scenarios in which they must choose between gasoline motorcycles, electric motorcycles, and no motorcycles. The variables considered in his study consist of initial payment, monthly installments, fuel price, speed, coverage distance, and charging duration. By involving 1208 respondents, the results reveal that there is likely a market for electric motorcycles. However, they will need to be priced similarly to cheap gas-powered motorcycles and have comparable performance. Speed, coverage distance, charging duration, and cost were crucial factors in adopting electric motorcycles. It was also found that electric motorcycles had a greater chance of replacing gasoline-powered motorcycles under the conditions of an increase in fuel prices and a significant improvement in battery technology.



Studies on the preference for electric motorcycles were also conducted in Asia countries such as Vietnam [42] and China [43,44,45]. A study in Hanoi, Vietnam, explored the market share of electric motorcycles by including three alternative modes offered to 400 households: 100 cc gasoline-powered motorcycle, 250 cc gasoline-powered motorcycle, and electric motorcycle [27]. The motorcycles’ attributes consist of license requirements, range, refueling time, sales tax, price, maintenance costs, speed, acceleration, and operating costs. By applying the mixed logit model, the study revealed that technological advancements and incentives (especially sales taxes) substantially impacted electric motorcycle adoption. Meanwhile, an increase in gasoline costs could also significantly expand the market share of electric scooters. A different study analyzed the key factors affecting willingness to buy and willingness to pay (WTP) for electric motorcycles in Macau, China [43]. Using a binary logistic regression, the study concluded that people in Macau comprehend electric motorcycles less. They paid greater attention to the actual cost of electric motorcycles, such as selling price, government incentives for tax, maintenance fees, and charging charges, rather than to electric motorcycles’ speed and load capacity. Then, by implementing the contingent valuation technique, it was found that the amount users were willing to pay for electric motorcycles was around 1.3 thousand Macau Pataca (MOP) or USD 160.36, far lower than the pricing disparity of 8000 MOP (USD 986.83) between gasoline-powered and electric motorcycles.



Another study was also conducted in European countries such as Italy [46], Spain [47], and France [48]. For example, by interviewing 906 individuals and applying multinomial logit and random parameter logit models, the study found that purchase price, engine performance, yearly tax and insurance premium, fuel efficiency, coverage distance, manufacturer’s nation, and replaceable battery were determinants of the choice decision between electric and petrol scooters in Italy [46].



Meanwhile, the literature also shows that many studies explore the adoption of electric ride-hailing. By categorizing the ride-hailing drivers into fuel or hybrid ride-hailing drivers and electric ride-hailing drivers, a study in Shenzhen, China, revealed that fuel cost significantly influences the adoption of electric cars for hybrid ride-hailing drivers but not for electric ride-hailing drivers. Meanwhile, ride-hailing drivers’ characteristics, including education level, full-time ride-hailing driver, and monthly income, are significantly related to the electric car adoption for ride-hailing services. They also found that vehicle sources consisting of private cars and vehicles on the platform, charging stations, charging duration, and coverage distance significantly affect the adoption of electric ride-hailing [31]. Moreover, a study conducted in the United States revealed that younger ride-hailing drivers who travel often and own more automobiles are more likely to convert to fuel-efficient vehicles. Meanwhile, those who have a postgraduate level, live in urban areas, and are under 48 years old are more pro-fuel-efficiency than their counterparts [32]. Another study on electric ride-hailing also showed that, similar to private electric cars, charging infrastructures for ride-hailing has become one of the essential determinants for electric car adoption [49,50].




3. Methods


3.1. D-Efficiency


D-efficiency or D-optimum design is a technique to create optimal scenarios in state choice experiments. This technique was used to minimize the variance of the estimated regression coefficients [51]. The optimum scenario created can be measured from a D-efficiency value with the following equation:


  D − efficiency = 100   ×    1   N D  |   (  X ′  X )   − 1    |  1 / p      



(1)




where ND is the number of scenarios, X is a matrix of independent variables, (X′X)−1 is a matrix inverse of independent variable multiplication, and p is a parameter.



The D-efficiency value ranges from 0 to 100, where the higher the D-efficiency value, the more optimal scenario will be obtained. However, one study showed that although the ideal D-Efficiency value is 100, it can be considered reasonable if the value is more than 0.8 [52].




3.2. Ordered Logit Model


Almost all studies discussed in the Section 2 used a discrete choice model in analyzing the adoption of electric motorcycles, such as a mixed logit model [8,42], binary logit model [43], multinomial logit and random parameter logit model [46], or generalized ordered logit model [47]. Studies on electric ride-hailing also used a similar method: the ordered logit model [31] and the multinomial logit model [32]. Due to this, this study applied the ordered logit model in exploring the determinants of electric motorcycle adoption among MBRH drivers. The ordered logit model was also used to determine the influencing factors of hybrid car adoption in Indonesian cities and produced a good model fit and satisfactory results [41].



The ordered logit model is a model used to forecast the likelihood of an occurrence where the dependent variable is based on the discrete choice of ordinal datasets [53]. The dependent variable of this study is the likelihood of MBRH driver-q in adopting an electric motorcycle, with five ordered responses: definitely not adopt (j1), not adopt (j2), undecided (j3), adopt (j4), and definitely adopt (j5), both by purchasing and renting electric motorcycles. The utility (Us) can be formulated as follows:


   U s  =  ∑  m = 1  M   β m  ⋅  X  s m   +  ε s   



(2)




where Xsm explains independent variables along an m-number of variables, βm means a vector of the estimated parameters, and εs means a random error term. Meanwhile, the measurement model is formulated as follows:


  y =  {       j 1      if                U s  ≤  τ 1         j 2      if    τ 1  ≤  U s  ≤  τ 2             j 3      if    τ 2  ≤  U s  ≤  τ 3         j 4      if    τ 3  ≤  U s  ≤  τ 4         j 5      if                  τ 4  ≤  U s             



(3)




where τ1,2 parameters are thresholds to be estimated. Where F is the cumulative distribution function of logistic distribution, the probability for each choice is given by:


  P  (  y =  j k   )  = F  (   τ k  −  U q   )  − F  (   τ  k − 1   −  U q   )   



(4)









4. Survey Design and Data Collection


4.1. Questionnaire Design


The questionnaire form consists of two sections. The first section is questions related to the respondents’ characteristics, including gender, age, education level, income, and driver status (full-time ride-hailing drivers and students who work part-time as ride-hailing drivers or current university students). The second section is an ordered response regarding the desire to buy and rent electric motorcycles. Respondents answered the questions in the second section on a five-point Likert scale, from 1 for definitely not buy to 5 for definitely buy. A similar level was also applied to electric motorcycle rental cases (1 for definitely not rent to 5 for definitely rent). On the basis of the literature review and adapted to the Indonesian context, five and eight variables were selected for buying and renting electric motorcycles, respectively. Each variable consisted of multiple levels, with each level describing a respondent-selectable option. Table 1 explains the considered variables and their levels.



For the buying model, the first variable used in this study is coverage distance. In this study, three levels of coverage distance were used: 50, 100, and 150 km, with the consideration that the shortest distance for the use of one battery is 50 km, for the use of two batteries is 100 km, and the longest distance is 150 km with a note that the electric motorcycle is driven at 30 km/h on flat roads. The second variable is purchase price, which refers to the purchase price of an electric motorcycle brand of Viar with one battery (IDR 18 million or USD 1218), Gesits with one battery (IDR 25 million or USD 1692), and Gogoro Series 2 (IDR 35 million or USD 2368). The next variable is maximum speed. This variable becomes one of the weaknesses of electric motorcycles if compared to conventional motorcycles. In previous studies, the maximum speed used by Guerra was 60, 70, 80, 90, and 100 km/h [8], while Jones et al. used a maximum speed of 40, 50, and 60 km/h [42]. Chiu and Tzeng used a maximum speed of 40, 50, 60, and 80 km/h [54]. Due to this, this study used a maximum speed of 60 km/h as the lowest level, while the two levels above are 80 km/h and 100 km/h, or an increase of 20 km/h per level. The fourth variable is credit payment. As discussed by Guerra, many Indonesian people buy motorcycles by credit payment [8]. Therefore, it is expected that the availability of credit payments could stimulate electric motorcycle adoption. The following variable is the fuel price, because Jones et al. found that an increase in gasoline prices has the potential to substantially increase the market share of electric scooters [42]. The fuel price was determined as a fixed price and an increase of 10% by assuming that not all respondents use the same type of motorcycle. The sixth variable is the annual tax fee. One of the incentives that can be used to accelerate the adoption of electric motorcycles is to waive the annual tax fee for electric motorcycle users. This study uses two levels, free and paid, as in conventional motorcycles. The seventh variable is the distance between the battery exchange stations. This study determined two levels for this variable: less than 10 km and equal to or more than 10 km. The last variable is related to the cost of motorcycle title transfer. This variable was included because it can reduce the selling price of electric motorcycles to make them more attractive to users. Two levels were used for this study: with (10% as the current situation) and without (free) the cost of motorcycle title transfer.



Meanwhile, not all of the variables above were used for the electric motorcycle rental model. Only variables of coverage distance, fuel price, maximum speed, and the distance between the battery exchange stations that could be used for the rental model. Additionally, this study considers rental cost in the rent model to replace the purchase price variable. In addition, the rental cost variable was used by viewing electric vehicle rental as a trial for MBRH services. According to the existing conditions, this study determined two levels of rental costs: IDR 40 and 60 thousand or USD 2.71 and 4.06.



Furthermore, respondents were given options based on the aforementioned attributes designed in several scenarios. Using a D-optimum design, there are 12 scenarios for the buying model with a D-Efficiency value of 94.91, and 10 scenarios for the renting model with a D-Efficiency value of 95.15. Table 2 and Table 3 show the scenarios generated using the D-optimum design for the buying and renting models for electric motorcycle adoption, respectively.




4.2. Data Collection


The sampling technique used a face-to-face survey between May and June 2022. Surveyors randomly intercepted MBRH drivers and asked for their willingness to participate as a respondent. After completing the questionnaire form, responders were compensated in the form of money. Due to the absence of official data from operators regarding the number of drivers, the minimum number of respondents was calculated based on the Isaac and Michael method [55], with a significance level of 5%. The results showed that the minimum sample size was 385 respondents. A total of 450 questionnaires were distributed to MBRH drivers in three regencies in Yogyakarta province: Yogyakarta, Sleman, and Bantul. Those regencies were chosen by considering field observation showing the high demand for ride-hailing services in those regencies compared to other Yogyakarta province regencies (i.e., Gunung Kidul and Bantul). This survey screened a total of 416 valid questionnaires, for an effective response rate of 93.2%. The high effectiveness rate of the questionnaire survey is attributable to the utilization of an interview survey, which makes it simpler for respondents to either explain their replies or request explanations for certain questionnaire items.





5. Results and Discussion


5.1. Data Sample


As shown in Table 4, out of 416 respondents who completed all demographic questions and fully answered all choice experiments, in terms of age, the largest proportion of respondents was in the age range of 20 to 25 years at 28.13%, followed by the age of 30 to 40 years, above 40 years, 25 to 30 years, and 17 to 20 years at 27.40%, 20.43%, 19.47%, and 4.57%, respectively. The respondents’ average age was 30.57 years old, with a standard deviation of 9.32 years. In terms of gender, 97.12% of respondents were male, while, interestingly, 2.88% of respondents were female. Furthermore, most respondents had a high school education level or lower, accounting for 90.62%. Meanwhile, the rest (9.38%) had a graduate level or higher. Interestingly, 19.71% of university students work in ride-hailing companies as part-time workers. Approximately 65% of MBRH drivers worked in ride-hailing companies as their main job (i.e., full-time workers). Looking into the monthly income of MBRH drivers, including other jobs’ income, 51.20% of them had income between IDR 1,916,000 and IDR 3,850,000 (USD 129.67 and 260.55). However, 36.30% of them, dominated by university students who worked part time as MBRH drivers, had an income of less than IDR 1,916,000 (USD 129.67), lower than the regional minimum wage. Meanwhile,10.82% and 1.68% of them had an income between IDR 3,850,000 and IDR 5.750.000 (USD 260.55 and 389.13) and more than IDR 5.750.000 (USD 389.13), respectively.



Meanwhile, Table 5 shows the percentage distribution of electric motorcycle adoption choices across scenarios. It can be seen that Scenario 6 (lowest purchase price, fixed cost for title transfer and fuel price, no tax exemption, highest coverage distance, medium speed, the distance between charging stations is more than 10 km, and without credit payment) produces the highest percentage of buying electric motorcycles, accounting for 39.90% and 21.15% for adopting and definitely adopting, respectively. Meanwhile, the highest percentage of renting electric motorcycles occurs in Scenario 9 (cheapest rental cost, highest coverage distance, lowest speed, increase in gasoline price, and the distance between charging stations is more than 10 km), where 18.27% of MBRH drivers definitely rent, and 49.04% rent electric motorcycles. In contrast, the lowest percentage of not adopting electric motorcycles (purchase model) occurs in Scenario 5 (highest purchase price, fixed cost for title transfer and fuel price, tax exemption, lowest coverage distance, lowest speed, the distance between charging stations is more than 10 km, and with credit payment) for the purchase model, by 37.98% for definitely not adopt and 30.77% for not to adopt. Meanwhile, Scenario 6 (highest rental cost, lowest coverage distance, highest speed, increase in fuel price, and the distance between charging stations is more than 10 km) becomes the lowest percentage of adopting electric motorcycles for the rent model, accounting for 34.13% and 27.88% in terms of definitely not adopt and not adopt, respectively.




5.2. Model Results


From 416 respondents, 2496 datasets were acquired in the purchase model from twelve scenarios (each respondent faced six scenarios), while 2080 datasets were obtained in the rental model from ten scenarios (each respondent faced five scenarios). Table 6 shows the results of an ordered logit model. The model is estimated by a maximum likelihood method using STATA v.14 [56]. For the purchase model, out of eight considered variables, only the purchase price and coverage distance variables have a significant effect on electric motorcycle adoption. Shown by a negative value of the purchase price variable, it demonstrates that an increase in electric motorcycle purchase price will reduce the MBRH drivers’ willingness to adopt electric motorcycles. This finding is consistent with those reported by previous studies [42,46,54], which found that the probability of purchasing an electric motorcycle decreases as the purchase price rises. Contrarily, a positive sign of coverage distance means that MBRH drivers will be more inclined to use electric motorcycles as coverage distance increases. The absence of a correlation between the annual tax variable and the adoption of electric motorcycles is not consistent with the study conducted by Scorrano and Danielis [46] in Italy, which combines the variable of tax exemption with insurance premiums. In Italy, the electric scooter policy is exempt from tax for five years and frequently receives discounts up to 50 percent on insurance premiums. The insignificant variable of an annual tax in this study was deemed to be caused by the low annual tax for motorcycle mode. Meanwhile, the insignificant correlation between costs for title transfer and electric bicycle adoption contradicts the findings from Jones et al. [42], who claimed that the elimination of this cost would greatly increase the market share of electric scooters in Vietnam.



For the rental model, four variables significantly influence the adoption of electric motorcycles: coverage distance, cost for motorcycle title transfer, rental cost, and fuel price. Shown by positive signs for coverage distance and fuel price, the model results reveal that MBRH drivers are more likely to adopt an electric motorcycle via rental if the maximum coverage distance for electric motorcycles and fuel price increases. In contrast, negative signs for battery exchange stations and rental costs indicate that the farther the battery exchange station location and the more expensive the rental price, the lower the chances of MBRH drivers adopting electric motorcycles. Meanwhile, the insignificant variable of maximum speed for both buying and renting models is different from previous studies, showing that the maximum speed has an effect on the adoption of electric motorcycles, with the amount a user is willing to pay for an increase of 1 km/h being USD 65 [54], USD 26 [42], and USD 0.81 to 2.39 [8]. However, this study’s result is in line with previous studies [54,57,58], which found that speed was not significant in the adoption of electric vehicles.



Furthermore, taking into account the sociodemographic variable, it can be seen from Table 6 that there is no significant correlation between all sociodemographic variables and purchasing electric motorcycles. Meanwhile, significant correlations occurred between sociodemographic variables (i.e., age, education level, current university students, full-time drivers, and income/rental cost) and electric motorcycle adoption. Shown by negative signs for age and education level, the model revealed that younger drivers and drivers without bachelor’s degrees are more likely to adopt electric motorcycles by renting from ride-hailing companies. This finding is consistent with a previous study in the United States showing the preferences for electric vehicle adoption among young ride-hailing drivers [32]. In contrast, positive signs for full-time drivers and current university students coefficients show that those people have a higher probability of renting electric motorcycles than their counterparts.



This study also considered a variable that interacts with income and price, as people with lower incomes are more sensitive to price. A similar method has been carried out by a study in India to explore the fuel economy valuation of Indian motorcycle buyers [59]. The model results show that there is no relationship between income/purchase price and purchasing electric motorcycles. Meanwhile, for the rent model, shown by a negative sign, it can be seen that people with a lower income and rental cost ratio tend to adopt electric motorcycles by renting from ride-hailing companies.



However, because many independent variables for the purchase model were insignificant, this study applied a binomial logit model to produce better model results. This study assumed that the choice of definitely adopt and adopt was merged as adopt, while the choice of undecided, not adopt, and definitely not adopt was merged to not adopt. As shown in Table 6, although the binomial logit model produced a higher value of Pseudo R2 (i.e., better model fit) than the ordered logit model, there was no difference in significant variables between the two logit models. Even for the rent model, the education level that significantly affects the decision to rent electric motorcycles in the ordered logit model becomes an insignificant variable for the binomial logit model. Due to this, it can be concluded that the use of the ordered logit model could be accepted to explore the influence factors in electric motorcycle adoption among MBRH drivers.




5.3. Probability of Electric Motorcycle Adoption


The probability values were calculated by estimating the likelihood that electric motorcycles will be purchased and rented by MBRH drivers. Figure 1 shows the results of purchase model’s probability values for all scenarios. However, it should be noted that because there were only two significant variables out of eight considered variables, it results in the same scenario for Scenarios 1 and 11, Scenarios 2 and 9, and Scenarios 6 and 10. To make an easier interpretation, Figure 1 is arranged according to purchase price, starting with the lowest price and the shortest coverage distance to the most expensive purchase price and the longest coverage distance. As demonstrated in Figure 1, increasing the coverage distance could increase the likelihood of buying and definitely buying. Previous studies also show that coverage distance is a determinant in the adoption of electric motorcycles [42,46,54]. Even Guerra [8] has accounted for willingness to pay for electric motorcycles, showing that respondents are willing to pay IDR. 36,885 (USD 2.5) per month for a 10 km increase in coverage distance.



This study’s results revealed that an increase in coverage distance from 50 km (Scenario 3) to 100 km (Scenario 12) at IDR 18 million purchase price would increase the probability of buying from 45.6% to 48.9% (3.3%), and the probability to definitely buy from 10.4% to 12.8% (2.4%). Meanwhile, an increase in coverage distance from 50 km (Scenario 3) to 150 km (Scenario 6 and 10) could increase the probability of buying from 45.6% to 51.4% (5.8%) and the probability of definitely buying from 10.4% to 15.6% (5.2%). Additionally, for a purchase price of IDR 25 million, increasing the coverage distance from 50 km (Scenarios 2 and 9) to 100 km (Scenario 4) will raise the likelihood of buying from 37.0% to 41.2% (4.2%), and the likelihood of definitely buying from 6.6% to 8.2% (1.6%), while the chance of buying and definitely buying rises from 37.0% to 45.2% (8.2%) and from 6.6% to 10.1% (3.5%), respectively, if the coverage distance is increased from 50 km (Scenarios 2 and 9) to 150 km (Scenario 8). Lastly, at a purchase price of IDR 35 million, extending the distance from 50 km (Scenario 5) to 100 km (Scenarios 1 and 11) would improve the probability of buying and definitely buying from 24.2% to 28.3% (4.1%) and from 3.3% to 4.2% (0.9%), respectively, while the increase in distance from 50 km (Scenario 5) to 150 km (Scenario 7) would raise the likelihood of buying from 24.2% to 32.6% (8.4%) and the likelihood of definitely buying from 3.3% to 5.2% (1.9%).



Meanwhile, the likelihood of not buying increases with increasing purchase price. First, for a coverage distance of 50 km, if the purchase price goes from IDR 18 million (Scenario 3) to IDR 25 million (Scenarios 2 and 9), the probability of electric motorcycle buying drops from 45.6% to 37.0% (−8.6%), and the likelihood of definitely buying drops from 10.4% to 6.6% (−3.8%). In another case, if the purchase price increases from IDR 18 million (Scenario 3) to IDR 35 million (Scenario 5), the probability of buying decreases from 45.6% to 24.2% (−21.4%), and the probability of definitely buying drops from 10.4% to 3.3% (−7.1%). Second, in terms of maximum coverage distance up to 100 km, increasing the purchase price from IDR 18 million (Scenario 12) to IDR 25 million (Scenario 4) reduces the likelihood of purchasing from 48.9% to 41.3% (−7.6%) and the likelihood of definitely buying from 12.8% to 8.2% (−4.6%). Meanwhile, the rise in purchase price from IDR 18 million (Scenario 12) to IDR 35 million (Scenarios 1 and 11) reduces the chance of purchasing from 48.9% to 28.3 (−20.6%), and the probability of definitely buying from 12.8% to 4.2% (−8.6%). Last but not least, for the 150 km coverage distance, an increase in the purchase price from IDR 18 million (Scenarios 6 and 10) to IDR 25 million (Scenario 8) would decrease the chance of purchasing from 51.4% to 45.2% (−6.2%) and the probability of definitely buying from 15.6% to 10.1% (−5.5%). On the other hand, the purchase price rise from IDR 18 million (Scenarios 6 and 10) to IDR 35 million (Scenario 7) would decrease the likelihood of purchasing from 51.4% to 32.6% (−18.8%), and the probability of definitely buying from 15.6% to 5.2% (−10.4%).



The adoption of electric motorcycles by MBRH drivers is most likely to occur in Scenarios 6 and 10, where the purchase price is the lowest and the maximum coverage distance is the highest, with 15.6% and 51.4% for definitely buy and buy, respectively. Furthermore, looking into Scenarios 8 and 3, it can be revealed that both scenarios have the same probability values, meaning that the purchase price has a greater impact on MBRH drivers’ adoption of electric motorcycles than the distance traveled.



Figure 2 shows the probability values of electric motorcycle adoption for the rent model. The scenarios in Figure 2 were sorted from the lowest to the highest value of rental cost, fuel price, battery exchange station, and coverage distance variables. The impact of the battery exchange station placement can be seen in Scenarios 1 and 4, where the likelihood of definitely renting an electric motorcycle will decline as the distance between battery exchange stations increases. When electric motorcycles’ coverage distance is 50 km, the rental rate is IDR 40 thousand, and the fuel price is fixed, the model results revealed that the chance of electric motorcycle renting increases from 52.7% to 54.3% (1.6%), but definitely renting decreases from 32.4% to 27.8% (−4.6%), respectively, when the battery exchange station location distance was changed from less than 10 km (Scenario 1) to more than 10 km (Scenario 4). Furthermore, the probability of renting an electric motorcycle increases, nevertheless, if the location of battery exchange stations is farther away, which is compensated by increasing the maximum coverage distance in Scenarios 5 and 9.



The impact of the fuel price can be seen in Scenarios 3 and 10, where it will increase the probability of definitely renting an electric motorcycle. From Figure 2, it can be seen that an increase in fuel price affected an increase in the probability of definitely renting by 4.3% (from 27.3% to 31.6%) but a decrease in the probability of renting by 1.4% (54.4% to 53.0%). However, according to Guerra, a rise in fuel costs must be coupled with advancements in battery technology in order to maximize the potential demand for electric motorcycles as an alternative to conventional motorcycles. Although the cost of recharging the battery is less than the cost of refueling, the battery needs to be replaced after several years, and the battery price is still high [8].



Moreover, in Scenarios 7 and 10, the effect of maximum coverage distance was explored. In these scenarios, the probability of definitely renting an electric motorcycle increases as the maximum coverage distance also increases. The model results show that 8.1% of drivers’ probability to definitely rent electric motorcycles increased from 23.5% to 31.6%, caused by a 50 km increase in the maximum coverage distance of electric motorcycles. Meanwhile, the impact of rental costs is demonstrated in Scenarios 5 and 7, where an increase in rental costs could decrease the likelihood of definitely renting an electric motorcycle. A rental cost rise from IDR 40,000 (Scenario 5) to IDR 60,000 (Scenario 7) would increase the probability of renting from 44.4% to 55.0% (10.6%) but would drop the probability of definitely rent from 47.00% to 23.5% (−23.5%). To conclude, according to the probability values, Scenario 9, followed by Scenario 5, offers the best chance to increase electric motorcycle adoption among MBRH drivers.





6. Conclusions and Recommendations


The study presents the findings of a 2022 stated preference survey conducted in Yogyakarta, Indonesia, among MBRH drivers on their preference for electric motorcycles. This study explored how prospective purchasers and renters evaluate the qualities of electric motorcycles. To the best of our knowledge, this is the first stated preference study on this issue of electric motorcycle adoption among MBRH drivers in Indonesia, and most likely in Southeast Asian countries, that categorized the adoption model into purchasing and renting.



This study discovers that the demand for electric motorcycles depends on a variety of monetary, technical, and driver characteristics. Purchasing electric motorcycles among MBRH drivers is affected by purchase price and coverage distance. Meanwhile, the choice to rent electric motorcycles is influenced by coverage distance, fuel price, battery exchange stations, and rental costs. Surprisingly, a variety of government policies, including a free annual tax and no cost for title transfer, as well as electric motorcycles’ performance of maximum speed, were found to have no significant effect on electric motorcycle adoption for both buying and renting among MBRH drivers. Meanwhile, sociodemographic variables, including age, education level, and the ratio of monthly income to rental cost, have a significant impact on the choice to rent electric motorcycles. Full-time drivers and students with part-time driving jobs are also more likely to rent electric motorcycles. This study also found that the highest probability of definitely buying an electric motorcycle is 15.60%, where the variable purchase price is IDR 18 million and the maximum coverage distance is 150 km. Meanwhile, with a rental rate of IDR 40 thousand per day, a maximum coverage distance of 150 km, and a rise in fuel prices produced the highest probability of definitely renting an electric motorcycle by 51.62%. To conclude, by comparing the two models, the likelihood of adopting electric motorcycles by renting is higher than by buying.



From the study’s findings, the following recommendations have been made to boost the enthusiasm of MBRH drivers to use electric motorcycles. First, the government needs to provide subsidies to make the purchase price of new electric motorcycles more affordable compared to gasoline-powered motorcycles. Second, electric motorcycle manufacturers need to improve the technology such that the electric motorcycle’s performance is comparable to that of conventional motorcycles. In terms of maximum speed, the current speed of electric motorcycles is sufficient for the needs of MBRH drivers, but in terms of coverage distance, it still needs to be improved. Third, ride-hailing companies may work with other parties to supply electric motorcycles for rental services, generate extra revenue per trip, and give priority to driver–partners who have previously utilized electric motorcycles while receiving orders.



One area of significant caution is that this study focuses on the technological and economic factors and government policies that determine the demand for electric motorcycles and ignores the attitudes (environmental awareness) of MBRH drivers that may be crucial in the decision of electric motorcycle adoption. Due to this, the next studies need to consider those variables in the adoption model, as conducted by Scorrano and Rotaris [60]. The future study also needs to add the option of buying an electric motorcycle without a battery or converting a conventional motorcycle that is owned into an electric motorcycle. Another area of caution is related to the sample’s representativeness. Further study needs to compare the age, gender, and income of MBRH drivers between the sample and the population of MBRH drivers, with the aim of proving that the sample is representative of the population. Interestingly, because there were female drivers of MBRH, understanding female riding behavior related to safety issues is worth exploring in the following research agenda. Lastly, the long-term adverse effects of electric motorcycle adoption, such as a possible sharp increase in electricity prices over time once a large number of drivers switch to electric vehicles, leaving the cities green and the suburbs polluted, and the production and disposal of batteries, need to be investigated in future studies.
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Figure 1. Probability values of electric motorcycle adoption for buying model. 
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Figure 2. Probability values of electric motorcycle adoption for renting model. 
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Table 1. Considered variables and levels.
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	Variable
	No. of Level
	Description
	Purchase Model
	Rental Model





	Purchase price (in million IDR) *
	3
	18, 25, 35
	√
	



	Cost for motorcycle title transfer
	2
	Free, Fixed (10%)
	√
	



	Fuel price
	2
	Fixed, Increase 10%
	√
	√



	Coverage distance (km)
	3
	50, 100, 150
	√
	√



	Maximum speed (km/h)
	3
	60, 80, 100
	√
	√



	Battery exchange station (km)
	2
	<10, ≥10
	√
	√



	Annual tax
	2
	No, Yes
	√
	



	Credit payment
	2
	No, Yes
	√
	



	Rental cost (thousand IDR) *
	2
	40, 60
	
	√







* USD 1 = IDR 14,776 (August, 2022).
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Table 2. Scenarios for buying electric motorcycles.
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	Scen.
	Price (Million IDR)
	Cost for Title Transfer
	Fuel Price
	Distance (km)
	Battery Station Loc. (km)
	Credit Payment
	Speed
	Tax





	1
	35
	Free
	Fixed
	100
	<10
	Yes
	100
	Yes



	2
	25
	Fixed
	Fixed
	50
	<10
	No
	100
	No



	3
	18
	Free
	Increase
	50
	<10
	No
	60
	Yes



	4
	25
	Free
	Fixed
	100
	≥10
	No
	60
	No



	5
	35
	Fixed
	Fixed
	50
	≥10
	Yes
	60
	No



	6
	18
	Fixed
	Fixed
	150
	≥10
	No
	80
	Yes



	7
	35
	Free
	Increase
	150
	<10
	No
	80
	No



	8
	25
	Fixed
	Increase
	150
	<10
	Yes
	60
	Yes



	9
	25
	Free
	Increase
	50
	≥10
	Yes
	80
	Yes



	10
	18
	Free
	Increase
	150
	≥10
	Yes
	100
	No



	11
	35
	Fixed
	Increase
	100
	≥10
	No
	100
	Yes



	12
	18
	Fixed
	Increase
	100
	<10
	Yes
	80
	No
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Table 3. Scenarios for renting electric motorcycles.
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	Scen.
	Rental Cost (Thousand IDR)
	Fuel Price
	Distance (km)
	Battery Station Loc. (km)
	Speed





	1
	40
	Fixed
	50
	<10
	60



	2
	60
	Fixed
	100
	≥10
	60



	3
	60
	Fixed
	150
	<10
	100



	4
	40
	Fixed
	50
	≥10
	80



	5
	40
	Increase
	100
	<10
	100



	6
	60
	Increase
	50
	≥10
	100



	7
	60
	Increase
	100
	<10
	80



	8
	60
	Increase
	50
	<10
	60



	9
	40
	Increase
	150
	≥10
	60



	10
	60
	Increase
	150
	<10
	80
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Table 4. Descriptive statistics.
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	Variable
	n
	%
	Mean
	SD





	Age
	
	
	30.57
	9.32



	Gender (male)
	404
	97.12%
	
	



	Education level (bachelor’s degree or higher)
	39
	9.38%
	
	



	Current university students
	82
	19.71%
	
	



	MBRH driver as the primary job
	272
	65.38%
	
	



	Monthly income
	
	
	
	



	 Less than IDR 1,916,000
	151
	36.30%
	
	



	 Between IDR 1,916,000 and 385,000
	213
	51.20%
	
	



	 Between IDR 3,850,001 and 5,750,000
	45
	10.82%
	
	



	 More than IDR 5,750,000
	7
	1.68%
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Table 5. The distribution of choice across scenarios (percent).
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Scen.

	
Definitely Not to Adopt

	
Not to Adopt

	
Undecided

	
Adopt

	
Definitely to Adopt






	
Purchase model




	
1

	
33.65

	
23.08

	
10.10

	
28.85

	
4.33




	
2

	
19.71

	
40.87

	
10.58

	
26.44

	
2.40




	
3

	
10.58

	
28.37

	
9.13

	
44.71

	
7.21




	
4

	
15.38

	
34.62

	
10.10

	
34.62

	
5.29




	
5

	
37.98

	
30.77

	
6.73

	
21.15

	
3.37




	
6

	
12.50

	
19.71

	
6.73

	
39.90

	
21.15




	
7

	
26.44

	
25.00

	
12.98

	
32.69

	
2.88




	
8

	
22.12

	
24.52

	
9.13

	
42.31

	
1.92




	
9

	
24.52

	
28.37

	
11.06

	
33.65

	
2.40




	
10

	
11.54

	
22.12

	
7.21

	
45.67

	
13.46




	
11

	
30.29

	
30.29

	
6.73

	
29.33

	
3.37




	
12

	
13.46

	
19.71

	
7.69

	
45.19

	
13.94




	
Rent model




	
1

	
20.19

	
22.12

	
7.69

	
43.27

	
6.73




	
2

	
25.48

	
38.94

	
7.21

	
25.96

	
2.40




	
3

	
16.83

	
27.40

	
7.21

	
41.83

	
6.73




	
4

	
17.31

	
33.65

	
5.77

	
39.42

	
3.85




	
5

	
10.58

	
18.75

	
5.29

	
38.46

	
26.92




	
6

	
34.13

	
27.88

	
12.50

	
24.52

	
0.96




	
7

	
24.04

	
24.52

	
10.10

	
40.38

	
0.96




	
8

	
29.81

	
33.17

	
6.25

	
29.33

	
1.44




	
9

	
9.62

	
17.31

	
5.77

	
49.04

	
18.27




	
10

	
18.27

	
29.33

	
5.29

	
38.94

	
8.17
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Table 6. Result of ordered and binomial logit model.
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Purchase Model

	
Rent Model




	
Ordered

	
Binomial

	
Ordered

	
Binomial




	
Coef.

	
SE

	
Coef.

	
SE

	
Coef.

	
SE

	
Coef.

	
SE






	
Variable

	

	

	

	

	

	

	

	




	
        Purchase cost

	
−0.071

	
0.007 ***

	
−0.058

	
0.008 ***

	
-

	
-

	

	




	
        Rental cost

	
-

	
-

	

	

	
−0.638

	
0.052 ***

	
−0.598

	
0.059 ***




	
        Motorcycle title transfer cost

	
0.045

	
0.074

	
0.046

	
0.085

	
-

	
-

	
-

	
-




	
        Fuel price

	
0.012

	
0.084

	
0.064

	
0.096

	
0.279

	
0.087 ***

	
0.206

	
0.099 **




	
        Coverage distance

	
0.047

	
0.009 ***

	
0.049

	
0.010 ***

	
0.084

	
0.010 ***

	
0.082

	
0.012 ***




	
        Battery exchange station

	
0.019

	
0.074

	
−0.002

	
0.086

	
−0.215

	
0.086 **

	
−0.301

	
0.100 ***




	
        Credit payments

	
−0.078

	
0.074

	
0.007

	
0.086

	
-

	
-

	
-

	
-




	
        Maximum speed

	
0.015

	
0.022

	
0.006

	
0.026

	
0.023

	
0.025

	
0.005

	
0.029




	
        Annual tax

	
0.020

	
0.075

	
0.083

	
0.085

	
-

	
-

	
-

	
-




	
Sociodemographic

	

	

	

	

	

	

	

	




	
        Age

	
−0.003

	
0.004

	
0.003

	
0.005

	
−0.022

	
0.005 ***

	
−0.019

	
0.006 ***




	
        Gender (male)

	
−0.001

	
0.215

	
0.062

	
0.254

	
−0.112

	
0.239

	
−0.151

	
0.278




	
        Full-time drivers

	
0.038

	
0.107

	
0.001

	
0.121

	
0.338

	
0.117 ***

	
0.355

	
0.137 ***




	
        Current university students

	
−0.012

	
0.143

	
−0.044

	
0.165

	
0.536

	
0.158 ***

	
0.438

	
0.182 **




	
        Education (bachelor’s degree)

	
−0.069

	
0.047

	
−0.034

	
0.054

	
−0.130

	
0.052 **

	
−0.116

	
0.060




	
        Income/purchase price

	
−0.001

	
0.001

	
0.001

	
0.001

	
-

	
-

	
-

	
-




	
        Income/rental cost

	
-

	
-

	
-

	
-

	
−0.009

	
0.002 ***

	
−0.008

	
0.002 ***




	
Threshold

	

	

	

	

	

	

	

	




	
        τ1

	
−2.979

	
0.431

	
-

	
-

	
−5.368

	
0.519

	
-

	
-




	
        τ2

	
−1.665

	
0.428

	
-

	
-

	
−4.000

	
0.513

	
-

	
-




	
        τ3

	
−1.282

	
0.428

	
-

	
-

	
−3.679

	
0.512

	
-

	
-




	
        τ4

	
1.115

	
0.432

	
-

	
-

	
−1.202

	
0.509

	
-

	
-




	
Model statistic

	

	

	

	

	

	

	

	




	
        Final log-likelihood

	
−3526.64

	
−1628.71

	
−2884.79

	
−1332.19




	
        Pseudo R2

	
0.027

	
0.041

	
0.047

	
0.069








*** means p < 0.01 and ** means 0.01 ≤ p < 0.05.
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