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1. Introduction
As a solution to environmental problems, an easy way to
take for drivers is eco-driving. Eco-driving is an

energy-efficient driving method that considers vehicle
features and can reduce carbon dioxide emissions. Although
electric vehicles (EVs) operated by lithium or hydrogen
battery do not emit carbon, eco-driving is still required to
maintain a long battery life and save energy and cost. In
this paper, an “Eco-driving Habit Reward Token

Blockchain for Electric Vehicle Drivers” that can securely
collect personal driving history and encourage eco-driving
by rewarding tokens based on evaluations of driving and
charging habits considering EV features is proposed.

2. Related Works

2.1 Eco-Driving
Research in eco-driving has focused on building driving
strategies to boost EV battery efficiency [1]-[2] without
considering charging habits. We propose an eco-driving
habit evaluation method for evaluating driving and

charging habits by considering EV features.

2.2 Blockchain and Reward Token
Blockchain is a system for securely storing data files by
maintaining a shared ledger with chained blocks containing
a series of transactions distributed and unchangeable. A

reward token is a cryptocurrency that incentivizes certain
behaviors within a blockchain network [3]. We used a
blockchain to safely collect personal driving history to
prevent crime and reward EV drivers to encourage
eco-driving.

3. Proposed Methodology
3.1 Proposed Blockchain Architecture
The proposed “Eco-Driving Habit Reward Token,

Blockchain for EV Drivers” is built on a private ethereum
blockchain network in which only permissioned participants
can join. In the proposed network, three types of
participants are joined: EV drivers, charging stations, and
insurance companies.

(Figure 1) Architecture and Smart Contracts to Serve Main Functions
of the Eco-Driving Habit Reward Token Blockchain for EV Drivers

It performs three functions: collection, evaluation, and
payment. The function details are explained in Fig. 1.

3.2 Proposed Eco-Driving Habit Evaluation Method
1) Driving Habit Evaluation
The real energy consumption in one trip for an EV is
calculated using Eq. (1) considering air conditioner (AC)
usage [4] and regenerative braking energy [5], which is
recovered energy by friction heat in the EV.

  × (1)

: Real energy consumption (kWh) : Driving distance (km): Driving efficiency (km/kWh): Reflecting factor of air conditioner: Energy getting from regenerative braking
The driving habit evaluation score is calculated using Eq.
(2). If sudden acceleration/deceleration occurs during the
trip, a deduction is applied to the scoring.

 
 × × (2)

 : Driving habit evaluation score: Ideal energy consumption during trip  : Total # of acceleration/deceleration during trip: Deduction factor for sudden acceleration/deceleration
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2) Charging Habit Evaluation
Equations (3) and (4) calculate the real and ideal energy

charging amounts. AC usage is also considered when
calculating the ideal charging amount.

  ×    (3)

  ×    ×  (4)

 : Real energy charging amount at charging station (kWh): Ideal energy charging amount at charging station (kWh) : Battery capacity (kWh): Target SoC set by driver according to charging habits: Initial SoC at the start of trip: Ideal SoC to keep for longer battery life. It is fixed to 0.8
The driving habit evaluation score is calculated using Eq.

(5). If  is over 0.2, value of   is set to 0, but if
not, it is set to 10 for applying deduction in scoring.

   ×
   × (5)

 : Charging habit evaluation score: Remaining SoC at the end of trip : Deduction factor for charging habits

3) Total Eco-Score
The total eco-score  is calculated using Eq. (6). The  reflecting factor  is set to 0.4 if the EV is

charged during the trip. If not, it is set to 0

  × ×  (6)
 : Final eco-driving score by considering driving and charging habits: Reflecting factor of  
3.3 Experimental Results
The experiment compared energy consumption and
discount rate by driving mode and AC usage, as detailed
in Table 1. Table 1 shows Case #1, a short-range trip
driven only in town without charging, and Case #2, a

long-range trip driven only on the highway with charging.
The EV driver starts the trip  at 0.2 and visits the
charging station in the middle of the trip.

Case Driving and Charging
Condition

Driving Mode

Normal
Driving

Eco-
Driving

Sporty
Driving

Case #1
( is 50)

Average Speed(km/h) 70 60 80  3 0 10

Case #2
( is 150)

Average Speed(km/h) 90 80 100  1 0 5 1 0.8 0.4

(Table 1) Driving and Charging condition by case and driving mode

In Fig. 1, the eco-driving mode has the highest score
among all driving modes. However, the sporty driving

mode was not rewarded because of the score deduction for
frequent sudden acceleration/deceleration when driving in
town. All driving modes without the use of AC get about
10% higher scores than those with AC because AC has a
high effect on energy consumption. In Fig. 2, eco-driving
has the highest driving and charging scores. In normal

driving, because of the overcharging habit, it has a lower

charging score than other driving modes. Sporty driving
get about 20% higher driving score than Case #1 because

it can generate more regenerative braking energy by
maintaining a high speed on the highway. However, there
is a charging score deduction in sporty driving with AC
usage because the  is less than 0.2, which is the
recommended minimum SoC to maintain.

(Figure 2) Comparison of Eco-Driving Score and Discount Rate
by Driving Mode in Case #1

(Figure 3) Comparison of Eco-Driving Score and Discount Rate
by Driving Mode in Case #2

4. Conclusion
This paper proposes an eco-driving habit reward token
blockchain for EV drivers and a driving and charging
habit evaluation method considering EV features. The
experiment proves that the proposed blockchain can provide
reasonable rewards to EV drivers who maintain energy

efficient driving and charging habits. In future work, we
plan to study high energy efficient eco-driving considering
detailed driving and charging conditions in the real world.

ACKNOWLEDGEMENT
본 과제는 2024년도 교육부의 재원으로 한국연구재단의 지원을
받아 수행된 지자체-대학 협력기반 지역혁신 사업의 결과입니다
(2021RIS-004).
이 논문은 2024년도 과학기술정보통신부의 재원으로 한국연구재
단의 지원을 받아 수행된 연구임(NRF-2022R1A2C1010197).

참 고 문 헌
[1] H. Lee, et al. "Model-Based Reinforcement Learning for Eco-D

riving Control of Electric Vehicles," in IEEE Access, vol. 8, p
p. 202886-202896, 2020, doi: 10.1109/ACCESS.2020.3036719.

[2]  N. Xu, et al. "An Eco-Driving Evaluation Method for Battery 
Electric Bus Drivers Using Low-Frequency Big Data," in IEEE 
Transactions on Intelligent Transportation Systems, vol. 24, no. 
9, pp. 9296-9308, Sept. 2023, doi: 10.1109/TITS.2023.3267187.

[3]  “Reward Token,” BlockSurvey. Accessed: March 09, 2024. Avai
lable:https://blocksurvey.io/learn-tokenomics/tokenomics-definitions

[4]  이태희, et al. "상용 전기자동차의 에어컨 가동에 따른 배터리 소모 분석." 한국자동차공학회논문집 (2019): 145-150.
[5]  “Regenerative braking,” Wikipedia. Accessed: March 09, 2024. 

Available: https://en.wikipedia.org/wiki/Regenerative_braking 


