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 Background: In Taiwan, scooter users are about 13.7 million. The scooters results in a 
significant contribution to road transport air pollutants emissions. Moreover, masses of 
customers are unwilling to buy electric two wheelers (E2Ws) due to several well-
known drawbacks of E2Ws, e.g., long charging time, short battery lifetime and limited 
driving range per charge. Battery swapping model has been proposed by Taiwan’s EPA 
to overcome any battery limitations for improving the penetration level of E2Ws. 
Objective: The purpose of this study is to promote battery swap stations (BSSs) for 
E2Ws located in New Taipei city for driving E2W market growth and improving air 
quality. A battery swap system has been established with 30 BSSs, 200 e-scooters and 
500 48V/10Ah lithium batteries. An experiential service was provided to consumers for 
a maximum of 30 days free trial period. Results: this project brings promotions, E2W 
industrial development and environmental benefits. It results in 2,939 riders 
experienced the battery swap model, related industrial involved and reduced 
approximately 172.98kg CO2, 17.96kg TSP, 14.19kg PM10, 10.10kg NOX, 209.41kg 
THC and 190.75kg NMHC emissions. But, the sales volume of E2W is still low. 
Conclusion: Finally, a lease and sales strategy is suggested. It may also need a new 
business model to identify battery management and accountability in the near future. 
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INTRODUCTION 

 
 Taiwan has a population of 23 million, in which the scooter users are about 13.7 million. It means that out 
of every 1.67 people, one of them would be a scooter commuter. This density ranks the highest in the world, and 
New Taipei city tops all cities in Taiwan. Also, according to Taiwan’s Environmental Protection Administration 
(EPA), emissions generated by scooters accounts for approximately 10% of air pollution in Taiwan; 330,000 
tons of carbon monoxide and 90,000 tons of chemical compounds containing carbon hydroxide per year. For 
improving the air quality, Taiwan government dedicated to the promotion of eco-environment protection policy. 
Increasing the penetration level of electric two wheelers (E2Ws) including electric scooter (E-scooter) and 
electric bicycle (E-bike) is one of the aims. Widespread adoption of E2W brings potential, social and economic 
benefits, e.g., reducing quantity of fossil fuels and considering the greenhouse gas emission and environment 
protection. However, masses of customers are still unwilling to buy the related products due to several well-
known drawbacks of E2W, e.g., long charging time, inconvenient charging, short battery lifetime, limited 
driving range per charge and expensive E2W batteries. Only 29,942 unit E-scooter and 108,602 unit small-scale 
E-scooter have been sold in Taiwan since 2009 through 2014.  
 Battery swapping model has been proposed to overcome any battery charging and driving range limitations 
for improving the penetration level in the E2Ws market of Taiwan. It provides E2W owner the ownership of the 
battery is separated from the E2W. Using a battery leasing service may also reduce the expense incurred by the 
E2W owners. Each E2W driver can drive to the nearest battery swapping station (BSS) and swap to a fully-
charged battery within 2 minutes when the battery is running low. 
 The purpose of this study is to promote BSSs for E2Ws located in New Taipei city for driving E2W market 
growth and improving air quality. The project is lasted for 405 days (2014.02~2015.03). 200 E-scooters and 30 
BSSs were provided to allow individuals to sign up for testing E2Ws and battery swap service of free. These 
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experiences gave the trial riders an opportunity to understand, adapt and overcome any battery charging and 
driving range limitations at BSSs. Finally, during this project period, the reduction of air pollutants emissions, 
user experience feedback and E2Ws sales volume were discussed.  
 
2. Literature Review: 
 Global Warming Potentials (GWPs) are intended as a quantified measure of the globally averaged relative 
radiative forcing impacts of a particular greenhouse gas. It is defined as the cumulative radiative forcing both 
direct and indirect effects integrated over a period of time from the emission of a unit mass of gas relative to 
some reference gas [1]. Carbon dioxide (CO2) was chosen as this reference gas. Also, decreasing CO2 
emissions has been viewed as an important policy around the world [2]. 
 Road transport today is responsible for a significant and growing share of global anthropogenic emissions 
of CO2. Moreover, it is almost entirely dependent on oil-derived fuels and therefore highly vulnerable to 
possible oil price shocks and supply disruptions. Using oil-derived fuels in internal combustion engines 
generates tailpipe emissions of pollutants such as PM10, NOx and VOCs which are harmful to human health. In 
Taiwan, the real-world operation of motorcycles results in a significant contribution to road transport CO and 
HC emissions, reaching 38% and 64%, respectively, of the total emissions from transportation over roads [3,4]. 
The focus on promoting use of electric vehicles (EVs) in road transportation is very essential to meet the climate 
change targets and manage the ever hiking prices of fast depleting fossil fuels. According to Taiwan’s EPA, 
Table 1 summarize the estimated pollutants reductions for annual sales volume (2009~2013) of small-scale E-
scooters in New Taipei city, Taiwan. It also highlights the importance of the penetration level of E2W. 
However, there are lots of uncertainties in the market about the acceptability of E2Ws by customers due to the 
capital and operation costs and inadequate infrastructure for charging systems. The penetration level in the 
market is not encouraging, in spite of incentives offered by Governments. Limitation on battery is the chief 
drawback to the development of the E2W technology.  
 Here, limitations on E2Ws battery were descripted as following. Firstly, battery is deemed to be the most 
expensive component of an E2Ws considering its initial purchase cost related to the life of the battery. Secondly, 
one of the limitations for electric-powered vehicles is their limited driving range [5]. For examples, one 
48V/10Ah lithium-ion battery can provide rider to ride a small-scale E-scooter within 25 km per hour having a 
travel range from 28 to 40 km per charge. Two 48V/10Ah lithium-ion batteries can provide rider to ride an E-
scooter within 40 km per hour having a travel range from 40 to 60 km per charge. Thirdly, charging time varies 
depending on different types of charging technology and equipment. For example, one 48V/10Ah lithium-ion 
battery charging via a 110V/5A charger may take 2~2.5 hours to complete charging service. Fourth, the battery 
is large and heavy. It may limit the service of battery charging. For examples, 48V/24Ah lead-acid batteries are 
commonly used for E2Ws, but the average weight of each battery is about 20~30 kg. The average weight of a 
48V/10Ah lithium-ion battery is about 6~9 kg. It is a challenge to provide the E2W owners who live on the high 
floors in using charging from household outlet.  
 Broadly speaking there are 3 ways of charging batteries: by plugging the E2Ws into a smart plug at the 
owner’s home or workplace, by fast charging at a specialized station or by exchanging the nearly depleted 
battery for a fully-charged one at a BSS. BSS is one of the solutions to above mentioned problems [6-9]. At a 
swapping station, a BSS owner can exchange battery for a full battery for a fee. In order to effectively adopt the 
battery swap model, a battery certification specifications of E2W has been draft to establish size standard of 
48V/10Ah~15Ah lithium battery, interchangeable interface standard for linking battery and vehicle and Taiwan 
E-Scooter Standard (TES). The draft was announced by Taiwan’s EPA in 2013/12/09 for ensuring consistency 
of battery and vehicle quality. 
 
Table 1: Estimated pollutants reductions for annual sales volume of small-scale E-scooters in New Taipei city. 

Years Sales volume 
Pollutants 

TSP PM10 NOx THC NMHC 
2009 118 0.89 0.71 21.24 46.73 41.24 
2010 1,233 9.25 7.40 221.94 488.27 430.93 
2011 2,252 16.89 13.51 405.36 891.79 787.07 
2012 2,252 16.89 13.51 405.36 891.79 787.07 
2013 1,424 334.16 201.25 455.67 1032.85 911.34 

Unit: kg / per year 
 
 This study is an initial stage to promote BSSs for E-scooters located in New Taipei city, Taiwan. 
Experiential marketing was used to provide the people who live in New Taipei city to test drive the E2W and to 
swap batteries at BSSs. Such service lasted for 405 days, from Feb. 2014 to Mar. 2015. The further object is to 
enhance the penetration level in the E2Ws market of New Taipei city, and then increase the market potential in 
Taiwan. It also may combat the conventional scooter’s pollution to improve our environmental quality.  
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3. Methods: 
The materials of the project for BSS promotions are described as below:  
1. 30 BSSs provide riders to swap depleted battery for a fully-charged one. The distribution of 30 BSSs in 
New Taipei city is show in Figure 1. The average distance between each station is about 3.5 km.  
 

 
 
Fig. 1: Screenshot of distribution of 30 BSSs used in this study using the Google Maps interface. 
 
2. 200 E-scooters including 100 E-scooters and 100 small-scale E-scooters provide residents in New Taipei 
City to sign up for riding the E2W with a maximum free trial period of 30 days.  
3. 500 48V/10Ah lithium batteries provide to E2Ws and BSSs. Each E-scooter requires 2 48V/10Ah lithium 
batteries to power the engine; each small-scale E-scooter requires 1 battery. Each BSS provides at least 6 
48V/10Ah lithium batteries to riders who need swapping battery.    
 During the project period, several data are recorded including the E2Ws usage, rider feedback on state E2W 
use, rider experience feedback and E2W sales volumes on the user online system. The interface of E2W usage 
on the system provides the person management and maintenance of E2Ws to fill in the date lend and returned 
the E2W. The interface of rider feedback on state E2W use on the system provides rider to fill in the problems 
when using the E2W. The interface of rider experience feedback on the system provides rider fill in their 
personal information and feedbacks. The question items were designed to collect categorical data on age (under 
20, 20~29, 30~39, 40~49, 50~59, 60~69 and 70~), gender (male and female), riding the E2W was alternative to 
(scooter, bike, car, walk, bus and others), daily riding distances (under 10 km, 10~20, 20~30, 30~40 and 40 
km~), purchase intention for E2W (yes, maybe and no), the reasons unwilling to purchase the E2W (speed, 
exterior design, price, swapping fee, BSS design, limited driving distances and others) and use the E2W for 
(shopping, commuting, entertainment and others). The interface of E2W sales volumes on the system provides 
E2W retails to fill in E2W information when they sold it.          
 Air quality is one of the important concerns. To estimated environment benefit during the project period, 
the pollutants emissions coefficients from car and conventional scooter [10] are cited (Table 2).  
 
Table 2: Pollutants emissions coefficients. 

 Speed (km/hr.) TSP PM10 NOX THC NMHC CO2 
Car 30 0.2347 0.1884 0.1215 2.7834 2.5358 2.26 

Scooter 20 0.2347 0.0847 0.4859 1.1424 1.0274 2.26 
Unit: g / per km 
 
4. Results: 
 In this study, 2,939 riders tested the E2W and swapped batteries at the BSSs. 2,373 riders filled out their 
personal information and experience feedback completely on online system. The results of the E2Ws usage, 
rider feedback on state E2W use, rider experience feedback and E2W sales volumes are described as below,  
1. E2Ws usage: The average trial period for riders using the E2W is 10.93 days (SD. = 1.30). The proportion 
of trial E2W by riders is 91.3%. It means about 182 or 183 E2Ws are lend to individuals every day during the 
project period.  
2. Rider feedback on state E2W use: riders pointed out several problems when they use the E2W and BSSs, 
including BSSs user interface design 1139 times, BSSs inadequate 1094 times, E2W breakdown 670 times, 
BSSs breakdown 501 times and battery quality 132 times.    
3. Rider experience feedback: The summarized riders’ personal information and experience feedback are 
shown in Table 3. 2,373 riders tested E2W and completed surveys, 1,274 (53.7%) of whom were male and 
1,099 (46.3%) were female. The most age tested E2W was 30~39 year old group, followed by 40~49, 50~59 
and 20~29. Most of riders used the E2W was alternative to scooter, followed by bike, walk, bus and car. The 
most distance they ride for each time was under 10 km, followed by 10~20, 20~30 and under 40 km. 1,789 
riders would consider buying a E2W after trial it. The major reason for 508 (21.4%) riders unwilling to buy the 
E2W was limited driving distances because the location of BSSs was not practical for 155 riders and the BSS 
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services did not meet 117 rider’s needs. Most of riders used the E2W for short distances trails, e.g., go to the 
nearby supermarket for shopping or post office for sending a letter, pick up their children from school, commute 
to work and entertainment.      
4. E2W sales volumes: 24 unit E2W requiring charging batteries at BSSs and 79 unit plug-in E2W have been 
sold.  
 
Table 3: Summarized riders’ personal information and experience feedback.  

Priority 
Items 

1 2 3 4 5 6 7 

Gender Item Total % 
Male 

1274 (53.7%) 
Female 

1099 (46.3%) 
     

Age Item Total % 
30~39 

590 (24.9%) 
40~49 

579 (24.4%) 
50~59 

497 (20.9%) 
20~29 

423 (17.8%) 
60~69 

183 (7.7%) 
70~ 

57 (2.4%) 
~20 

44 (1.9%) 

Alternative to Item Total % 
Scooter 

1570 (66.2%) 
Bike 

546 (23.0%) 
Walk 

108 (4.6%) 
Bus 

102 (4.3%) 
Car 

46 (1.9%) 
  

Riding distances Item Total % 
~10 km 

958 (40.4%) 
10~20 

677 (28.5%) 
20~30 

348 (14.7%) 
40 km~ 

246 (10.4%) 
30~40 

143 (6.0%) 
  

Purchase intention Item Total % 
Maybe 

1789 (75.4%) 
No 

508 (21.4%) 
Yes 

76 (3.2%) 
    

Reasons for not 
buying 

Item Total % 
Limited 

180  (24.4%) 
Location 

155  (21.0%) 
BSS 

117 (15.9%) 
Speed 

101 (13.7%) 
Price 

92 (12.5%) 
  

Use E2W for Item Total % 
Shopping 

778 (37.5%) 
others 

608 (29.3%) 
Commuting 
385 (18.6%) 

Entertainment 
279 (13.4%) 

   

 
 The formula of estimated pollutants reductions is {[(pollutant emission from scooter × the proportion of 
riding E2W alternative to scooter) + (pollutant emission from car × the proportion of riding E2W alternative to 
car) × 405 days × commute distance (km/day) / 1,000] × proportion of E2W use}. The pollutants emissions 
coefficient for scooters or cars cited from Table 2. The proportion of riding E2W alternative to scooter was 
66.2%. The proportion of riding E2W alternative to car was 1.9%. The average of daily commute distance was 3 
km. the proportion of E2W use was 91.3%. The formula of estimated pollutant reductions for this project is 
showed below. During the project period, estimated pollutants reductions are CO2 (172.98kg), TSP (17.96kg), 
PM10 (14.19kg), NOX (10.10kg), THC (209.41kg) and NMHC (190.75kg). 

 
 
5. Discussion:  
5.1. Benefits: 
3 benefits of running the project are described as below:  
Promotions:  
 The battery swap model of this project bundle E2W products and BSSs service around a solution. The 
promotions of the project create news and free trial opportunities for potential customers in New Taipei city. It 
helps customers clearly see the benefits of what the project promoting, the project create compelling reasons to 
results in 2,939 riders experienced the battery swap model. During the project period, it also creates word-of-
mouth opportunities. Riders who tested the battery swap model talked about the project and free trial 
experiences to their friends. It makes more and more people to know the battery swap model. It also may 
potentially drive E2W market growth. 
 
Industrial development:  
 1 battery swapping system operator, 9 E2W manufacturers, 2 battery manufacturers and 10 retailers 
involved to this project. It gives them a chance to train, prepare and reengage them in a new service model, 
products or business model to closer to the market demand. 
 
Environmental protection:  
 66.2% Riders rode E2W alternative to scooter, 23% riders were alternative to bike, 4.3% riders were 
alternative to bus and 1.9% riders were alternative to car. It had reduced approximately 172.98kg CO2, 17.96kg 
TSP, 14.19kg PM10, 10.10kg NOX, 209.41kg THC and 190.75kg NMHC emissions.  
 
5.2. Shortcoming:  
 Such results were presenting an excellent promoting plan and plan execution. However, the sales volume of 
E2W using 48V/10Ah lithium battery was poor. Only 24 unit E2W that owner can only recharge the batteries at 
BSSs have been sold. Even though the project just a promoting stage, the sales volume is still not good enough. 
Several reasons of unwilling to buy such E2W products for riders are described as below,   
 Functions of battery swap system: BSS provides self-service. Some riders unable to swap the nearly 
depleted battery for a fully-charged one successfully in their first try because the design of operation processes 
does not match user’s cognition. In addition, some riders can not swap the batteries because the BSS do not have 
any fully-charged battery. In these cases, user centered interface design and cloud application are suggested to 
further enhance the system functionality and to satisfy users’ needs.   
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Purchase intention:  
 As scooter is a relatively economical way to commute, the majority of scooter-base commuters are from 
middle- and low-income families. Even though E-scooter is just half the price of scooter, most of people prefer 
to ride their own old scooter, but not to replace a new E-scooter. 
 
Inconvenience:  
 The density of BSSs in New Taipei city is low. The riders are not willing to buy the E2W that may only 
recharge battery at BSSs. Low penetration level of E2Ws and BSS located in limited area makes people decided 
not to purchase now. A E2W using flexible charging service, e.g., plug-in charging and battery swapping, is 
suggest to satisfy riders’ needs.  
 Based on the results, lease and sales strategy is addressed to increase the penetration level of E2Ws and 
improving air quality. Leasing service is to provide more E2Ws by government to people to lease E2W with 
reasonable price. The target customers for the service are individuals who are willing to ride the E2W but not to 
own it. Most of people aged 40 years old and under tend to not purchase a E2W. The leasing services may 
provide individuals to have more opportunity riding E2W. It also expects to change or to create user’s habits. 
Sales strategy focuses on E2W industrial development. E2W using multiple way charging the battery, e.g., plug-
in and BSS, is suggested to satisfy E2W owner’s needs. Results showed that individuals aged 40 years old and 
over and students who are looking for buying his/her first scooter are the most potential customers. Furthermore, 
the sales strategy may create a challenge of battery management and accountability. Battery management and 
accountability have to be identified for applying a new business model of separation among vehicle, battery and 
E2W owner.  
 
5.3. Study Limitations: 
 The project is limited in the New Taipei city, Taiwan. Also, based on traffic safety considerations, staffs 
tended not to provide individuals aged 18 years old and under to have the free trial service.  
 
6. Conclusion:  
 This study is an initial stage to promote BSSs for E-scooters located in New Taipei city, Taiwan. 
Experiential marketing provided individuals riding E2Ws and swapping batteries at BSSs for a maximum of 30 
days free trial period. This project brings promotions, E2W industrial development and environmental benefits. 
However, the sales volume of E2W using 48V/10Ah lithium battery is still low. For promoting BSS usability, 
user centered interface design and cloud application are suggested to further enhance the system functionality 
and to satisfy users’ needs. For increasing the penetration level of E2Ws and environmental quality, a lease and 
sales strategy is addressed. It may also need a new business model to identify battery management and 
accountability in the near future.   
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