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I. Introduction 
 
1. This report is based on the implementation of the Asian Development Bank eTrikes Pilot 
Project implementation. The first phase was the testing of two prototype e-Trikes as a proof of 
concept in using lithium batteries for electric vehicle of the tricycle class. The second phase was 
the operation of a fleet of twenty e-Trikes to understand the actual operation in the streets of 
Mandaluyong City prior to a nationwide scale-up implementation.  
 
Scope and Limitation of the report 
 
2. The report focuses only on the technical aspects and slightly covers financial, social, 
legal and environmental issues as they rises. These other issues are covered by separate 
reports. The information covered here was based on the start of the implementation in the last 
quarter of 2010 up to November of 2012.  
 
II. Phase 1: Two proto type e-Trikes  
 
3. The project first explored on the existing electric tricycles used in the Philippines. This 
will be the starting point in the implementation of the project. The most popular E-Trikes in 
operation during this time are those units plying at Fort Bonifacio in Taguig. These units have 
fiber glass body with 1kW motor and 72V lead acid batteries. Based on these models, the 
project improved the body design and used two types of battery technologies, the traditional 
lead-acid battery and the new lithium Ferro Phosphate (LiFePO4) batteries for comparison. 
  

4. The first unit uses the traditional 100AH 48V lead-
acid batteries with a 1kW motor, the transmission was via 
a trans axle. The second unit has 60AH 48V LiFePO4 
batteries, a 6kW motor with adjustable output through an 
Alltrax controller with a chain and sprocket transmission 
system. The E-Trikes with lithium battery has an on-board 
charger while the lead acid E-Trikes has an external 
charger due to the relatively heavier battery and space 
constraint for an on-board charger. 
 
5. Both E-Trikes have the same chassis and 
fiberglass shells that can comfortably seat eight 
passengers and a driver. This size is relatively larger than 

the E-Trikes in Fort Bonifacio which carries only six passengers while the typical petrol-fed 
tricycles have four to five passengers cramped in.  
 
Component Lead Acid E-trike  Lithium E-trike  

 Motor 1kW 6kW (adjustable output) 

Transmission Trans Axle Chain and sprocket 

Controller Unite Motor All Trax 

Battery 48V 100AH Lead Acid 48V 60AH LiFePO4 

Charger External charger 1.5kW On-board charger 

Table 1. Technical Specifications of the two Pilot eTrikes. 

Figure 1. First two E-Trike units 



 

6. An initial test drives were done on the E-Trikes  from Fort Bonifacio to Mervil subdivision 
and C5 extension. Modifications on the Etrikes were made with the following results: 
 

 
 

 
 
Initial Test in Madaluyong 

 
7. After several test runs, the two units were turned over to the city of Mandaluyong to be 
field tested on actual driving conditions to observe the responses from the drivers as well as the 
passengers. After around of two months operation, the lead-acid battery failed while the lithium 
battery was still in good condition. The matrix of the technical issues and the recommendations 
to the manufacturer for the next set of E-Trikes unit design is shown in Appendix A. 
 



 

III. Phase 2 :  Operation of 20 eTrike Fleet 
 
8. The next phase of the pilot implementation added 18 more units in Mandaluyong with 
improvements made based on the previous experience of the first two prototypes. All batteries 
used are LiFePO4 and no lead-acid batteries anymore due to the short service life of this type of 
battery. The first two units were also refurbished to improve their design. 
 
9. There were two types of battery configurations adapted. The A type has “double” battery 
units where two sets of 48V 70AH batteries were connected in parallel to increase the range of 
the E-Trikes and an on-board charger was installed for overnight 4 hours slow charging. The B 
type has a single set of the 48V 70AH battery without an on-board charger. These units will be 
charged through an external public charger station in a fast charging mode of 30 minutes. 
 

10. Other major modifications 
were the use of the 3kW brushless 
DC motors with trans-axle 
transmission for a quieter and more 
efficient operation, a windshield wiper 
and a rain cover were installed, the 
chassis was reinforced, handles were 
mounted, handle bar throttle with 
hydraulic caliper front brakes were 
adapted, motor and battery chambers 
were covered, battery gauges with 
audible alarm were installed. The 
seating capacity was retained. There 
was an over-all improvement in the 
performance of the E-Trikes with a 
smoother ride, better maneuverability 

and increased passenger comfort and 
safety. 
 

Component New Lithium E-trikes  

 Motor 3kW brushless  

Transmission Trans Axle 

Controller Unit Motor 

Battery Model A: 48V 70AH LiFePO4 (3kWh) 
Model B: 2 parallel 48V 70AH LiFePO4 (6kW) 

Charger Option 1: 1.5kW On-board charger 
Option 2: 8kW External Fast Charger 

Table 2. Improved specifications of the new eTrikes. 

 Range Test 
 
11. To have an actual evaluation of the range of the E-Trikes, four units with single and 
double batteries were tested in May 22, 2011 to run from Mandaluyong and go around Fort 
Banifacio until the battery is drained. The A model has 2 set of 48V 70AH batteries connected in 
parallel with a total capacity of 6.720kWh while the B model has a single 48V 70AH with a total 
capacity of 3.360kWh. The fully loaded A1 unit traveled 72.53km with an equivalent conversion 
ratio of 10.79km/kWh. The lightly loaded A2 unit traveled 90.33km with an equivalent 

Figure 2. A fleet of 20 E-Trikes in Mandaluyong 



 

conversion ratio of 13.44km/kWh. For the smaller capacity B models, the equivalent conversion 
ratio for B4 is 18.51km/kWh for travelling 62.21km while B7 has 12.4751km/kWh for 41.89km.  

 

Unit Code Odo Start Odo End Km travelled Ramarks 

A1 2484.98 2557.51 72.53 5 pax + driver 

A2 978.98 1069.31 90.33 1 pax  + driver 

B4 32.40 94.61 62.21 Driver 

B7 133.73 175.62 41.89 Driver 
Table 3. E-Trike Range Test Results 

 
Figure 3. ETrike Range test at Fort Bonifacio. 

 
LTO Test Drive 

 
12. The Land Transportation office also tested two E-Trikes units from Mandaluyong and 
showed satisfactory reports. This test is for road worthiness and motor vehicle classification 
purposes. The scanned copy of the report is shown in Appendix C. 
 

Antipolo Climb Test 

 
13. To satisfy the requirements of the proposed E-Trikes users in Boracay with concerns on 
the capacity of E-Trikes to climb steep slopes, the E-Trikes were tested to travel to Antipolo 
loaded with passengers to simulate real operating conditions. 
 

14. Three E-Trikes started in Mandaluyong 
City Hall and travelled to Antipolo as shown in the 
map in Appendix D. A global positioning system 
receiver (GPSr) with altimeter was used to gather 
data during the climb. 
    
15. Based on data gathered, the E-trikes 
travelled a distance of 19.64km from 
Mandaluyong city hall to Antipolo church with an 
average speed of 32km/h and occasionally 
accelerating to 67 km/h to overtake regular 
vehicles along the hi-way. The E-Trikes gained 
altitude of 188m to Antipolo church with maximum 
slopes of 12 degrees. The E-Trikes further 
travelled to Sumulong highway for a total of 

Figure 4. E-Trike in Antipolo with the E-Trike team 

and observers from Boracay 



 

27.77km and altitude gain of 225m. The battery voltage was still high at 48.9V from 49.3V. 
 
IV. Charging Infrastructure 

 
16. The E-Trikes requires a charging infrastructure to support its operation. The initial 
charging practice was to install an on-board charger so that the E-Trikes can charge anywhere 
with an AC convenience outlet available. On-board chargers can be convenient if they do not 
add weight and occupy space in the E-Trikes. This limitation can only accommodate slow 
chargers that will require 3 to 4 hours for lithium batteries while lead acid batteries require 8 to 
10 hours overnight charging. Safety becomes a concern if there is no proper parking area for 
the E-Trikes and a safe charging outlet to insure safe charging procedure. It will be risky and 
unsafe to park the E-Trikes on the side of the road and lay an extension cord from the house to 
the E-Trikes. For this reason, even slow charging is done safely and properly at the Tricycle 
Regulatory Unit in the Mandaluyong where there is a proper parking space and a safe 
convenience outlet to plug the charger. 
 

17. The fast charging option was 
piloted in Mandaluyong for the B model 
E-Trikes where smaller 3kWh capacity 
batteries are installed and are expected 
to be charged quickly for 30 minutes. 
This configuration requires an external 
fast charger and a high direct current 
connection to the battery. The 
advantage of this option is the lower 
cost requirement for the E-Trikes by 
having a common charger for several 
units and using a smaller battery that 
requires a shorter waiting time for  
charging.  
 
18. Initial trials showed that the 
charger was already indicating that the 
battery is full only after 20 minutes. 

However, it was later observed that the batteries were heating up above allowable temparatures 
recommended by the manufacturer. A few battery cell exhibited early loss of capacity because 
of excessive heating due to fast charging. A current regulator was then installed to reduce the 
charging current to prevent the battery from overheating. The typical charging time extended to 
45 minutes to an hour using this charging mode. With this modification, the charging time of the 
fast charging and the on-board charger are almost the same. It only make sense to use the 
smaller on-board charger than to use a large fast charger that has been reduced as a slow 
charger. 
 
19. Drivers usually charge the E-Trikes at night  but also do top-off charging in the middle of 
the morning after the rush hours and before lunch time at noon. They aslo do top-off charging 
after lunch and before the afternoon rush hours at 5pm after office and school time before finally 
getting fully charged in the evening in preparation for the following day. It was observed that the 
etrikes are not yet dischared when they get top-off charging but the drivers take advantage of 
this time to charge when passenger trafic is low in prepration for the next rush hours at noon 
and early evening.  
 

Figure 5. Charing Station in Mandaluyong. 



 

20. This charging behavior was due to the limited capacity of the battery that cannot 
accommodate the total daily range requirement in a single charge. However, the charging 
station was accessible and a fixed charge was used regardless of number of charge and length 
of charging time. The combination of small battery capacity with limited range but accessibility of 
the charging station and the fixed price for unlimited charging worked well in Mandaluyong.  
 
Proposed Charging Stations 
 

21. The local government of 
Mandaluyong has identified at 
least four key areas that are ideal 
for establishing charging stations 
where the Etrikes can charge 
without travelling long distance 
from their respective routes. 
These areas are in Bgy. Addition 
Hills, Mauway health center and 
police station, Boni-Pinatubo 
near Metro Mart in Bgy. Malamig, 
and in Pioneer-Sheridan, Hi-way 
Hills.  
 
22. The challenges in 
establishing these charging 
stations are the personnel 

requirement to insure the proper 
charging, secure the Etrikes 
while they are parked and 

charging, as well as the electrical connection that will accommodate the required current for 
charging. These personnel and infrastructure costs will be passed-on to the driver as part of the 
charging service fee. The Etrikes are currently charging at the TRO area in Mandaluyong where 
they are also provided with the maintenance services. Somehow, the cost for the personnel that 
secures the parking area collects the charging fee is blended in the cost of the boundary of the 
ETrike.  Offering the charging service with the maintenance of the Etrikes seemed to be an ideal 
package for the drivers. 
 
23. Solar charging for the ETrike can provide a totally clean transport solution instead of 
charging from the utility grid that draws power from fossil fuels. Based on a study conducted by 
Meralco in preparation for its proposed charging station, the Etrikes gets 3kWh of energy per 
charge with an AC power requirement of around 3kW. They usually charge three times a day 
with a total daily energy requirement of 6 to 8 kWh for 4 to 5 hours or charging time.  
 
24. Using the performance data of the 6.4kWp solar system installed in Boni Tunnel that 
produced an average of 450kWh per month or 15kwh/day, the solar array requirement to 
provide an eTrike with 8kwh/day is 3.4kWp. A battery storage system with 50% daily depth of 
discharge will be required with an equivalent capacity of 16kWh. A 3kW inverter can provide AC 
charging for the on-board charging. It is tempting to DC charging to reduce losses in charging 
instead of converting DC battery voltage to AC and back to DC. However, the AC on-board 
charger takes care of the battery charging process according to batter manufacturer’s 
specification. DC-DC charging is still possible with corresponding sophistication of the charging 

Figure 6. Proposed locations of the Charging Stations. 



 

control to insure proper charging. Charging the ETrike with solar energy is technically feasible 
but could be commercially challenging to be competitive with charging using the grid electricity.     
 
 
V. E-Trike Fleet Performance 

 
25. The 20 E-Trikes were deployed in Mandaluyong for pilot testing. The odometer readings 
were recorded to measure the kilometers travelled by the E-Trikes as part of the monitoring 
activity of the pilot phase. The summary of the calculated kilometers travelled by the E-Trikes 
are shown in Appendix B for reading from April 21 to July 8, 2011. It should be noted that the A 
model Etrikes were immediately operational because of the availability charging using the on-
board charger. The B units only went into full operation when the fast charging stations became 
operational in June. The high current connectors that came two weeks later made it safe and 
easy to charge with the fast charger.  
 

 
Figure 7. Initial average daily km range of the Etrikes. 

 
26. The initial daily operating range of the A model is 20 to 50km while the B model is 
between 10 to 20km. With the increased familiarity of the driver to the operation of the E-Trike 
and the acceptance of the commuters, the A models with 6kWh battery are running at 60km 
while the B units with 3kWh battery are running at 30km.  
 
27. Drivers were also adjusting to the range of the E-Trikes in fears that their battery will go 
low while they are away from the charging station. The installation of the battery status indicator 
solved this problem. As the drivers gain experience, they already know when the battery needs 
recharging based on the kilometer run. They learned to plan their routes and schedule the 
charging. 
 
Operation and Maintenance 
 
28. Initially, the front wheel disc brake caliper supports were reinforced. The motor got 
burned because the drivers were running the Etrikes with the parking brake engaged. Drivers of 



 

regular tricycles are not familiar with parking brakes and needed orientation with the ETrike 
driving procedures. The motor controller was then connected to the brake switch to disable the 
motor whenever the brake is engaged and will only operate once the brake is released. The oil-
based front shock absorbers were also replaced with gas-based to remove the stiffness. The oil 
seal on the rear wheels often gets torn and were replaced. The cable for the parking brake also 
gets replacement when they break. It was observed that the ETrike generally has less 
maintenance requirements than the regular tricycle.   
 
29. The most challenging part in operating and maintaining the Etrikes is the replacement of 
parts that are not readily available in the local market and needs importation, such as the motor 
controller. This often becomes the main cause of long down time of the Etrike units. Proper 
management of inventory of components and spare parts solves this problem.  
  
Drivers' and Passengers' responses to the Etrike design 
   
30. The most significant remark of the drivers when asked about the Etrike design compared 
to the regular tricycle is the safety and convenience of the position of the driver inside the 
vehicle. Drivers of the regular tricycle are partly exposed to the sun and rain, and are not 
protected from collision from the driver’s side. With the driver in the center, the view from the left 
to the right of the vehicle is not obstructed compared to the regular tricycle where the driver’s 
right side view is partly covered by the sidecar. The driver’s position in the Etrike makes it 
difficult to use a seatbelt. There are also a few obstructions to the driver on the view of the road 
based on this position. This needs to be improved.   
 
31. The size of the Etrike is relatively larger with more passenger capacity. The advantage 
seen on this design is the larger income generated by the drivers with more passengers served 
per trip. However, drivers are also complaining that the size is too big for the small streets of 
Mandaluyong. In a tricycle queue, the Etrike takes a lot of space and gets a lot of passengers 
that deprive the rest of the tricycles with waiting space and passengers. 
 
32. Passengers undoubtedly like the eTrike not only because it is quiet and has no smoke 
but is offers a more comfortable ride and passenger felt safer than a regular tricycle or a 
jeepney. The rear seat facing the back seemed unsafe without a handle bar that prevents the 
passenger from falling behind the Etrike. The rear seat is also not suited with passengers 
wearing skirts. 
 
VI. Conclusion and Recommendations 
 
33. The pilot phase of the E-Trikes implementation provided a lot of experience and built 
capacity for all stake holders. Valuable lessons were learned in the design, manufacturing, 
operation and maintenance were gained. Technical problems were encountered and addressed 
in the process in anticipation that these similar problems will also be experienced in a larger 
implementation of the project but are already addressed and solved at this pilot phase. 
 
34. The 3kW motor capacity is already substatial to provide the power and speed neede by 
the etrike to be manuvered and climb streets with passengers onboard. The 3kWh battery may 
have limited range of 30km but can already be enough with strategecally located charging 
station to top-off or fully charge the battery several times in a day. Having an on-board charger 
that can be plugged to any AC outlet of approproate capacity is a practical charging option. This 
provides the battery a dedicated charger that is designed to meet all the charging parameters of 
the battery to ensure it maximum service life. The charging station need only to provide  parking 



 

space and the convenience outlets to plug the on-board charger wihtout the need of  
sophisticated connectors with power and communication lines. Solar charging can be a viable 
option for areas with weak and unreliable grids. Charging service can be offered by any 
qualified third party with bundled operation and maintenance services. 
 
35. The mechanical aspect of the design addressed the basic requirement of safety both for 
the drivers and the passengers. This can be further improved to meet international standards 
with design experts. The type of materials used in the pilot units proved to be substantial for 
their purpose and can still be imporved  for the chassis and suspension system. Driver’s training 
and awareness on the safe and efficient operation of the E-Trike are very important. The 
provision of  maintenance, technical support and availability of parts for the E-Trike determined 
the sustainability of the project. 
 



 

Appendix A: E-Trike Pilot Evaluation Table 
 

EV Part Make 
Current 

Performance 
User Comments Action Taken  Recommendation 

ELECTRICAL 
SYSTEM 

          

Battery LiFePO 
30-33 km / full 

charge 
Target Range 50 
km / full charge 

Doubled the 
capacity 

  

Charger   

3 hours to full 
charge, estimated 

electricity 
Consumption 1.5 - 

3kw 

No Comment     

Gauges, meters, 
Ignition, head lights, 

signal lights, wiring and 
switches 

LED   No Comment Will maintain 
Will improve 

switches 

POWER TRAIN and 
CHASSIS 

          

Motor  (Speed)   Maximum 23 kph 
Too slow, desired 

speed 35 kph 

Changed the 
specification to 
reach a max. 

speed of 45 kph 

  

Transmission Chain & Sprocket   Too noisy 
Replaced with 

Transaxle 
  

Front Suspension Oil based   Too hard 
Replaced with gas 

based 
  

Rear Suspension 
Leaf Spring and 
shock absorber 

  No Comment     

Brake (Front) None   Need to have 
Will install disc 

brake 
  

Rear Brake Drum Brake   Too hard 
Fixed mechanical 

installation 
  

Hand Brake None     Will install   

Rain Cover None   Need to have Will install   

Accelerator Hand   Not to use foot Will maintain   



 

EV Part Make 
Current 

Performance 
User Comments Action Taken  Recommendation 

accelerator 

Wheels and Tires     No Comment Will maintain   

INTERIOR           

Seats Cushioned   Comfortable Will maintain   

Seating Capacity 8 passengers   
too big for other 

routes 
Will offer 4 seater 

version 
  

Flooring Non Skid   No Comment Will maintain   

MISCELLANEOUS           

Mirrors Center and sides   
No need for center 

mirror 
Will remove center 

mirror 
  

Jack and basic tools None   
Need for basic 

tools  
  

Wiper None     Will Install   

Safety Handles None     Will Install   

Body Fiberglass   Good   

Will request Don 
Bosco to assist for 

evaluation and 
recommendation 

 



 

 
Appendix B: E-Trike Odometer Data* 

 

  
 
 *   Date format: month/day/year 
     Odometer reading is average daily km run 
 



 

 
Appendix C: LTO Inspection Report 

 

 



 

Appendix D: E-Trike Antipolo Climb 
 

 
 
 

 
 
 
 
 
  




