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Abstract  

This research aims to investigate the effect of applying braking strategies to the energy consumption of electric trike 
(e-trike). E-trike is a three-wheeled vehicle that is designed for goods delivery. A simulation is carried out to find 
the specific electric energy consumption in terms of km/kWh. The simulation is conducted by developing an energy 
consumption model using Matlab/Simulink software. The input data used in the simulation is obtained from the e-
trike specification designed by Institut Teknologi Bandung (ITB) researchers. The output is the battery State of 
Charge (SOC) and energy required for the Worldwide Harmonized Light Vehicle Test Procedure (WLTP) driving 
cycle. Four different braking strategies are implemented in the simulation, namely full mechanical braking, serial 
regenerative braking, parallel regenerative braking, and modified braking strategies. The simulation results show 
that by applying the modified braking strategy, greater savings of energy can be achieved. Full mechanical braking 
strategy can achieve energy savings of 19.2 km/kWh whereas the modified braking strategy generates 20 km/kWh. 
These results indicate that the application of modified braking strategies can significantly increase the e-trike 
mileage. 
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1 Introduction 
An electric trike (e-trike) is a three-wheeled vehicle that 
uses electricity for propulsion needs. One of the benefits 
of the e-trike is the ability to carry larger sized cargo 
than motorcycles with sleeker vehicle size and shape 
compared to small trucks, making it easier to be used on 
narrow and winding roads [1, 2]. Ma et al. stated that 
the maintenance of an electric vehicle is cheaper than 
vehicles with internal combustion engines [3]. 
Therefore, the e-trike is also expected to reduce the cost 
of shipping goods. 

Chan stated that one of the advantages of the electric 
vehicle is zero-emission [4]. Besides, Nyeste and 
Wogalter have studied that electric vehicles are also 
able to reduce noise pollution because the electric drive 
engine does not produce noise [5]. However, several 
studies stated that the distance that can be traveled by 
electric vehicles is limited due to the battery capacity, 
which also has a limitation [6, 7]. This is due to the 
energy storage density in the battery, which is still far 
lower than gasoline fuel [8]. Regenerative braking can 

be a solution to increase the distance that can be traveled 
by electric vehicles [9–11]. Keil and Jossen have 
studied that recharging the electrical energy in the 
battery during braking can be conducted because it does 
not increase the degradation of the battery [12]. Heydari 
et al. stated that the use of regenerative braking still 
requires mechanical braking because the braking energy 
produced by regenerative braking is not enough for 
emergency conditions [13]. 

In this study, the simulation of the energy consumption 
of an e-trike is conducted. The simulation is performed 
by developing an energy consumption model using 
Matlab/Simulink. Furthermore, the battery State of 
Charge (SOC) and energy consumption data are 
produced. Islameka et al. have studied the simulation 
using four different braking strategies, namely full 
mechanical braking, serial regenerative braking, 
parallel regenerative braking, and modified braking 
strategies for an electric bus [14]. Then, the efficiency 
of each braking strategy is compared to get the best one. 
Those four strategies are implemented in the simulation 
of energy consumption of e-trike.
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2 Experimental Method 
2.1 E-trike specification 
Figure 1 shows the goods delivery e-trike designed by 
ITB researchers, with the general specification shown 
in Table 1. Gross vehicle weight is the total mass of the 
vehicle along with the payload, which consists of 
passengers and cargo mass. This gross vehicle weight 
value is used to calculate the amount of braking force 
that is required by the vehicle. The vehicle is designed 
to travel on asphalt road with a friction coefficient of 
0.75 [15]. Additional load power input data is obtained 
from things which also require constant electrical 
energy in a vehicle. In this case, it comes from 2 
headlights, four turn signals, and two brake lights with 
a total value of 110 W, 72 W, and around 10-42 W, 
respectively. In braking condition, the required brake 
light power is 21 watts. When the brakes are not 
functioning, the brake light power becomes a twilight 
lamp, which requires 5 watts. 

Table 2 shows the specifications of the electric motor. 
Input torque data used for the simulation is the 
maximum one. Motor efficiency input data that is 
employed is assumed constant with a maximum value 
which can be achieved. Table 3 shows the specifications 
of the battery used for the e-trike. The battery input data 
that is employed for the simulation is considered ideal 
with Lithium Ferrophosphate (LFP) as the typical 
battery. The resistance value of the LFP battery is 30 
mΩ. The total resistance value of the battery is 
calculated using the total resistance in the LFP battery 
pack. 

 
Figure 1 E-trike for goods delivery 

Table 1 E-trike specifications 

No Description Symbol Value Unit 
1 Gross Vehicle Weight 𝑚"#$%% 500 kg 
2 Payload 𝑚&'()$'* 300 kg 
3 Maximum Velocity 𝑣,'-% 40 km/h 
4 Air Density 𝜌 1.275 kg/m3 

5 Aerodynamic Drag 
Coefficient 𝐶* 0.295 - 

6 Friction Coefficient 𝜇 0.75 - 
7 Auxiliary Load 𝑃 192-224 W 

Table 2 Electric motor specifications on the e-trike 

No Description Symbol Value Unit 
1 Continuous Torque 𝜏,$3$# 17 Nm 
2 Maximum Torque 𝜏,'4,$3$# 25 Nm 
3 Motor Power 𝑃,$3$# 5000 W 
4 Motor Efficiency 𝜂,$3$# 85 % 

 

Table 3 Battery specifications on the e-trike 

No Description Symbol Value Unit 
1 Battery Capacity 𝐸 4.8 kWh 
2 Electric Charge 𝐶 67.2 Ah 
3 Voltage 𝑉$8 72 V 
4 Internal Resistance 𝑅:;3 0.045 Ω 

2.2 Driving cycles 
The driving cycles used for the simulation are the 
Worldwide Harmonized Light Vehicle Test Procedure 
(WLTP) cycle [16]. There are three classes in the WLTP 
cycle. Each of them is distinguished by the ratio of rated 
power to curb weight. Figure 2 shows the WLTP cycle 
class 2 that is used in the simulation. The cycle was 
chosen because the power to curb the weight ratio of the 
e-trike is 25 W/kg. WLTP cycle class 2 consists of 
three-speed phases, namely low, medium, and high. The 
high-speed phase in the WLTP cycle is changed to the 
low-speed phase because the maximum speed of the e-
trike is below 90 km/h. 

 
 

Figure 2 WLTP class 2 

2.3 Energy consumption model 

Figure 3 shows the energy consumption model for 
electric vehicles [14]. The input data on the energy 
consumption model are the WLTP driving cycle and e-
trike specifications. There are five components in the 
model, namely the driveline, braking strategy, gearbox, 
electric motor, and battery. The output data from the 
model are the battery SOC and total energy 
consumption for one driving cycle. 

Driveline component 

The driveline component contains an equilibrium of 
forces on an electric vehicle based on the d’Alembert 
principle. Lanczos [17] stated that d’Alembert principle 
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introduces the force of inertia, defined as the negative 
value of the product of mass multiplied by acceleration. 
Equations (1) and (2) show the calculations that occur 
in the driveline component, where 𝐹3 𝑡  Is the value of 
traction force occurred on an object at a certain time and 
𝐹> 𝑡  is a resistance force that is required to be 
overcome by traction force at a certain time. 

𝐹3 𝑡 − 𝐹> 𝑡 = 0 (1) 

𝐹3 𝑡 = 𝐹: 𝑡 + 𝑅' 𝑡 + 𝑅#) 𝑡 + 𝑅"(𝑡) (2) 

The existing resistance force on an e-trike comes in 4 
forms which are: 1) the aerodynamic resistance at a 
certain time (𝑅' 𝑡 ), 2) the resistance of the wheel 
rotation at a certain time (𝑅#) 𝑡 ), 3) the resistance of 
the road slope at a certain time (𝑅"(𝑡)), and 4) the style 
of inertia at a certain time (𝐹: 𝑡 ). 

Braking strategy component 

There are four braking strategies to be simulated, 
namely full mechanical braking strategy, serial 
regenerative-braking strategy, parallel regenerative-
braking strategy, and modified-braking strategy. The 
total amount of braking force that is required by the 
vehicle will be divided into the front and rear wheel, 
which amount is limited by the ideal braking 
distribution curve. Zhang, Dong, and Han [18] stated 
that equation (3) and (4) is the formula for the ideal 
braking distribution curve for the front axle and rear 
axle, respectively, where 𝐹EF and 𝐹E# are respectively 
the braking force on the front axle and rear axle, 𝜇 is the 
friction coefficient between the wheels and the road, 𝑊 
is the weight of the e-trike, 𝐿 is the distance between the 
front and rear axles on an e-trike or wheelbase, 𝑙# is the 
distance between the rear axle and the center of mass 
from the e-trike, and ℎ is the distance between the center 
of mass and the surface road. 

𝐹EF = 𝜇×
𝑊
𝐿
× 𝑙# + 𝜇×ℎ  (3) 

𝐹E# =
1
2
𝑊
ℎ

𝑙#
N +

4ℎ𝐿
𝑊

𝐹EF −
𝑊×𝑙#
ℎ

+ 2𝐹EF  (4) 

After the required braking force values are obtained, the 
value is controlled with each serial regenerative-
braking, parallel regenerative-braking, and modified-
braking strategies. Figure 4 shows the differences 
between the three braking control systems, which are 
represented in 3 different colors. The green portion 
indicates the regenerative braking force on the driven 
axle, the blue portion indicates non-regenerative 
braking force on the driven axle, and the orange portion 
indicates non-regenerative braking force on the non-
driven axle. 

 

Figure 4 Braking control system 

Gearbox component 

The gearbox component contains the translation 
dynamics conversion to the rotation. Equations (5), (6), 
and (7) show the calculations that occur in the driveline 
component. 
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Figure 3 Block diagram of electric vehicle model 
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𝜔(𝑡) =
𝐺
𝑟
𝑣(𝑡) (5) 

𝜏3(𝑡) =
𝑟
𝐺
𝐹3(𝑡) (6) 

𝜏#S"S;(𝑡) =
𝑟
𝐺
𝐹#S"S;(𝑡) (7) 

 Where: 

𝜔(𝑡) : angular speed of the motor at a certain 
  time (rpm) 

𝐺 : total gear ratio 
𝑟 : wheel radius (m) 
𝑣(𝑡) : speed of the electric bus at a certain time  

  (m/s) 
𝜏3(𝑡) : motor traction torque at a certain time  

  (Nm) 
𝜏#S"S; 𝑡  : regenerative torque at a certain time  

  (Nm) 
𝐹#S"S;(𝑡)   : regenerative force at a certain time (N) 

Electric motor component 

The electric motor component also functions as a 
generator, which calculates the amount of power that is 
required by the motor during one driving cycle. 
Equation (8) shows the limit on the allowed electric 
motor power. 

𝑃,$3$#(𝑡) = 𝜏(𝑡) ∙ 𝜔(𝑡) (8) 

With restrictions, 

𝜏 𝑡 < 𝜏,'4,$3$# 

𝜏(𝑡) <
𝑃,'4,$3$#
𝜔(𝑡)

 

Where, 

𝑃,$3$#(𝑡) : electric motor power at a certain time  
  (W) 

𝜏(𝑡) 
 

: the torque of the electric motor at a 
certain  
  time (Nm) 

𝜔(𝑡) 
 

: the angular speed of the electric motor 
at a  
  certain time (rpm) 

𝜏,'4,$3$# : the maximum torque of the electric  
  motor (Nm) 

𝑃,'4,$3$# : maximum power of an electric motor  
  (W) 

 
 
 

 

Battery component 

The battery component converts power into an electric 
charge and vice versa so that it can calculate the battery 
SOC. Equation (9) shows the battery SOC calculation, 
where 𝑆𝑂𝐶(𝑡) is the amount of SOC battery at a 
certain time, 𝐸E'33(𝑡) is the amount of battery energy 
used at a certain time, and 𝐸 is the capacity of the 
battery. 

𝑆𝑂𝐶(𝑡) =
𝐸E'33(𝑡)

𝐸
×100 (9) 

3 Results and Discussion 
The simulation of the e-trike energy consumption with 
the WLTP class 2 driving cycle has resulted in the form 
of a decrease in battery SOC and the amount of 
consumed energy. Figure 5 shows a decrease in battery 
SOC of the e-trike with four different braking strategies. 
The difference in the battery SOC decrease is exhibited 
after 1290 seconds. Figure 6 shows a greater depiction 
of the condition of the battery SOC after 1290 seconds. 

 
Figure 5 SOC of one driving cycle of four braking 
strategies 

 
Figure 6 The difference in SOC battery decrease of four 
braking strategies 
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The difference in battery SOC after 1290 seconds is 
caused by the control system in using the regenerative 
braking function. Regenerative braking will function 
when the SOC battery is below 90%. Cao and Ishikawa 
stated that batteries are very prone to overcharging 
when regenerative braking is performed above 90% 
[19]. Figure 6 also shows the remaining battery SOC 
from each braking strategy. The remaining battery SOC 
for full mechanical braking, parallel regenerative 
braking, serial regenerative braking, and modified 
braking strategies is 87.7%, 87.8%, 87.9%, and 88.3%, 
respectively. 

Figure 7 shows the value of energy consumption of one 
WLTP driving cycle with four different braking 
strategies. Figure 8 shows the difference in energy 
consumption of the four braking strategies. The 
difference of the consumed energy values of the four 
braking strategies is 0.572 kWh, 0.567 kWh, 0.56 kWh, 
and 0.55 kWh, respectively. 

  
Figure 7 Energy consumption of one driving cycle with 
four braking strategies 

 
Figure 8 The difference in energy consumption of the 
four braking strategies 

 
 

Table 4 Braking control system efficiency 

No Braking System km/kWh 
1 Full mechanical braking  19.2 
2 Parallel regenerative braking  19.3 
3 Serial regenerative braking  19.5 
4 Modified braking strategies 20 

 
To find out the efficiency of each braking system, the 
value of consumed energy is compared with the total 
travel distance of one driving cycle into specific energy 
consumption. Table 4 shows the efficiency of each 
braking system. Knowing that the distance from one 
WLTP driving cycle is 10.97 km, each efficiency of the 
braking system can be determined, which are 19.2 
km/kWh, 19.3 km/kWh, 19.5 km/kWh, and 20 
km/kWh. 

4 Conclusion 
Simulation results of the e-trike energy consumption 
using four different braking systems indicate that a 
modified braking system potentially makes significant 
energy saving. The efficiency of each braking system is 
then compared to achieve the highest efficiency. Full 
mechanical braking takes 19.2 km/kWh, whereas a 
modified braking strategy takes 20 km/kWh. Therefore, 
based on this comparison, the modified braking strategy 
appears to be the most efficient braking system 
compared to the others. Thus, the use of the modified 
braking strategy is strongly recommended to be 
implemented in the e-trike for better energy saving. 
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