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• To evaluate how the electrification of drayage trucking would impact energy 

and emissions at and around seaports, it is important to first understand the 

energy consumption characteristics of battery electric trucks (BETs). 

• To estimate the energy and emission impacts of BETs at the network scale 

(e.g., corridor, region), mesoscopic models that use inputs at the roadway link 

level such as link average speed are more practical.

• In this study, a mesoscopic model is proposed for estimating BET energy 

consumption at the roadway link level.

• Second-by-second real-word driving data of 43 drayage trucks were input into 

a well-calibrated powertrain model that estimated the corresponding energy 

(electricity) consumption as if these drayage trucks were BETs. The link-level 

energy consumption of BETs can be then calculated.

• Stepwise regression was applied to build the model that represents the 

relationship between BET energy consumption rate (per mile) and the 

independent variables. 
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Conclusions

Figure 3. Identified Intersection Zones

(b)  Intersection Zone Centers and Ranges

Case Study

• Microscopic Energy Consumption Model for BETs

• Tractive power:
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• Battery discharge power

• driving mode:
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• braking with energy regeneration:
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• idling mode
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• Battery state of charge
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• Map Matching and Energy Consumption Aggregation

1. Import the GPS data points of the truck trajectories to the road network,

where each data point is matched to the associated roadway link on the

digital map with the least orthogonal distance to the data point (Fig. 3).

2. Break down the corresponding instant energy consumption for each GPS

data point into short driving snippets based on roadway links.

3. Group link-based snippets by average speed and road grade.

4. Calculate the energy consumption rate (ECR) for each real-world driving

snippet:

𝑬𝑪𝑹𝒊 =
𝑺𝑶𝑪𝒊

𝒔𝒕𝒂𝒓𝒕 − 𝑺𝑶𝑪𝒊
𝒆𝒏𝒅
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where 𝑆𝑂𝐶𝑖
𝑠𝑡𝑎𝑟𝑡 and 𝑆𝑂𝐶𝑖

𝑒𝑛𝑑 are the BET state of charges at the start and end of link 𝑖,
and 𝑑𝑖𝑠𝑡𝑖 is the distance BET travels on link 𝑖.

Methods

Results

Fig. 3 Trajectory snippets and map matching[1]

Methods (continued)
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• Data

• Real-world driving activity data of 43 conventional heavy-duty diesel

drayage trucks serving the port of Los Angeles.

• On-board Electronic Control Unit (ECU) data loggers were connected

to the vehicle’s Controller Area Network (CAN) bus and engine

parameters such as gear ratio, engine torque, engine speed, fuel rate,

altitude etc. at high frequency for a long period of time.

• ECR statistics

Parameter Description

𝑣 Velocity

𝜌 Air density

𝐶𝑑 Aerodynamic drag coefficient

𝐶𝑟𝑟 Rolling resistant coefficient

𝐴𝑓 Frontal area

𝜃 Angle of road surface

𝑔 Gravity

𝑡 Time

𝑚 Truck weight

𝜂𝑚𝑜𝑡 Motor efficiency

𝜂𝑏𝑎𝑡𝑡 Battery efficiency

𝜂𝑐h𝑔 Charger efficiency

𝑎 Acceleration

𝑎h𝑏 Upper bound of acceleration for 

regeneration braking

𝑣𝑙𝑏 Lower bound for speed for 

regeneration braking

𝑊𝑎𝑐𝑐
𝑒 Accessory load of an electric vehicle

𝐸𝑏𝑎𝑡𝑡 Battery Capacity

• Energy Consumption Rate Fitting with Multi-linear Regression Model

The ECR of link 𝑖 can be expressed as:

𝐸𝐶𝑅𝑖 = 𝑓 𝑔𝑖 , 𝑣𝑖 , 𝑚
where 𝑔𝑖 , 𝑣𝑖 , 𝑚 are the road grade, link average speed, truck mass.

• Assume that function 𝑓 is an infinitely differentiable function. According to 

multivariable Taylor series
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+ 𝜸𝟏𝒙𝟏𝒙𝟐 + 𝜸𝟐𝒙𝟏𝒙𝟑 +⋯
+⋯
+𝜺

where 𝒙 = 𝑥1, 𝑥2, … 𝑥𝑛 is the variable, 𝒂, 𝛼𝑖 , 𝛽𝑖 , 𝛾𝑖 , 𝜀 are constants, 𝐻 𝒙 is the Hessian matrix.

• Express ECR as a linear combination of the parameters

𝐥𝐨𝐠(𝑬𝑪𝑹) = 𝜶𝟏𝒗 + 𝜶𝟐𝒗
𝟐 +⋯+ 𝜷𝟏𝒈 + 𝜷𝟐𝒈

𝟐 +⋯+ 𝜸𝟏𝒎+ 𝜸𝟐𝒎
𝟐 +⋯

+𝝀𝟏𝒎𝒗+ 𝝀𝟐𝒎𝒈+⋯+ 𝜺

• Use stepwise regression 

method to select the best set of 

terms while fitting a multilinear 

regression model

Fig 1. Stepwise regression flowchart

Fig. 2 ECR statistics vs. link average speed, truck mass, road grade

Fig. 4 Fitting error decrease with steps (number of terms involved)

• ECR Function Fitting

parameter b p-value Standard error

𝑣 0.1231 0 0.01897345

𝑣2 -0.005952 0 0.00177171

𝑣3 0.0001007 0 6.90e-05

𝑣4 -5.44e-07 9.83e-98 1.18e-06

𝑚𝑔 0.00155747 0 2.78e-06

𝑚𝑔𝑣 2.69E-05 0 1.88e-07

• In this work, a mesoscopic model is developed for estimating the link-

level BET energy consumption based on real-world truck driving data.

• The main contribution is the method to expresses BET’s ECR as a

function of the link average speed, road grade, and truck mass.

• The plot of ECR versus link average speed shows that there are two

troughs, one at around 10 mph and the other at around 45 mph. The

trough at around 10 mph is contributed by the energy captured from

regenerative braking.

• This model can be used to evaluate the feasibility of replacing some or

all of the conventional diesel drayage trucks with BETs, and then

estimate the associated reductions in greenhouse gas and pollutant

emissions at the corridor and/or regional scale.

Fig. 5 The fitted model vs. the statistic characteristics

log 𝐸𝐶𝑅 = 𝑏0𝑣 + 𝑏1𝑣
2 + 𝑏2𝑣

3 + 𝑏3𝑣
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* The error (the constant bias) of the model, 𝜀 = 0.0998.

The “elbow point” of the “L” 

shape curve indicates it’s best 

to keep 4-6 terms in the final 

model to achieve low model 

error while maintain model 

simplicity.
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