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Abstract. Due to current energy shortage and climate change in China, it is nec-
essary to predict the energy demand and carbon emission of urban passenger
transport in the future. Firstly, the urban passenger transport is divided into three
parts: bus, taxi and car, and the demand of future urban passenger transport is
forecasted by using the national energy technology model. Modeling the urban
passenger transport network from a System dynamics perspective. In the transport
part, the number of vehicles, the proportion of fuel types and the energy consump-
tion per 100 km are considered, and the energy consumption of transport travel is
calculated by using the transport energy consumption equation. Using 2021 as the
base year, four scenarios were set to assess the energy saving and emission reduc-
tion potential under different policy needs, including keeping the baseline scenario
of urban development inertia, considering the speed limit of urban vehicles and
further optimizing the speed control scenario of public transport system, and con-
sidering the promotion of shared mode of travel shared scenarios, and according
to the national renewable energy automobile industry development planning over-
all goal of electric vehicle scenario. This paper analyzes travel demand, energy
consumption demand and carbon emission intensity under different scenarios,
and puts forward policy suggestions on public transportation energy saving and
emission reduction planning.

Keywords: public transportation development planning · low carbon energy ·
energy saving and emission reduction · system dynamics

1 Introduction

Transportation is an important department carrying out human social and economic
activities. With the advancement of urbanization and the increasing demand for trans-
portation in China, the energy consumption and carbon emissions of Transportation
show a growing trend. In terms of global greenhouse gas emissions, the transportation
industry has surpassed industry and construction, becoming the second largest emission
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sector in the world [1]. As an important part of transportation, urban passenger trans-
port should contribute to energy conservation and emission reduction. So there are two
problems:

First, how to evaluate the energy consumption and carbon emission level of urban
passenger transport, and provide methods and basis for the government to formulate
energy conservation and emission reduction targets for urban passenger transport? Sec-
ond, how to reduce the energy consumption and carbon emission level of urban passenger
transport through policy means while trying to meet the travel needs of residents?

Chinese urban passenger transport energy consumption and carbon dioxide emis-
sions may show a sustained and rapid growth trend in the coming period, mainly
considering:

(1) The fuel structure of urban traffic vehicles is single, and most of them use
petroleum products such as gasoline and diesel. The excessive use of fossil fuels will lead
to the continuous increase of greenhouse gases and pollutants; (2) The further improve-
ment of urbanization rate and the rise of residents’ income not only bring about the
increase of travel demand, but also cause the rapid growth of car ownership [2]; (3) The
travel sharing rate of public transport has not reached the international advanced level.
Only a few cities have a public transport travel sharing rate of 50% [3], most of which
are below 40%, and some big cities are even less than 10%, which still has great room
for improvement.

Therefore, it is of great significance to scientifically predict the energy consumption
and emissions of urban passenger transport in the future and take active measures to
intervene its rapid growth.

However, due to the diversification of urban passenger transport residents’ travel
modes and types of motor vehicles, how to change urban residents’ travel modes, how
to choose travel modes, and how to develop vehicle technology in the future under
the situation of social and economic transformation, these uncertain factors lead to the
prediction of urban passenger transport energy demand and carbon emissions is very
complex and full with great uncertainty.

Existing relevant studies have analyzed and predicted energy consumption and car-
bon emissions in many fields in terms of model tools and prediction means. As a key
industry of energy consumption, transportation industry has always been the research
object of scholars. Internationally, the prediction methods of transportation energy con-
sumption and carbon emissions mainly use bottom-up micro prediction models, sup-
plemented by some top-down macro prediction models. As the main tool for predict-
ing transportation energy consumption and carbon emissions, micro prediction models
include long-term energy alternative planning system (LEAP) model, terminal energy
consumption model, Primes-Tremove and so on.

Domestic researchers often use some more direct prediction methods. Including
exponential decomposition method [4, 5], the elastic coefficient method [6], regression
model [7, 8], time series prediction model [9], and combined prediction model [10], etc.
These methods are mainly used to predict various passenger and freight traffic volume or
passenger and freight turnover, combined with energy intensity, and then predict energy
consumption and carbon emissions.
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However, both macro and micro energy consumption prediction models have short-
comings: macro models are usually difficult to describe the role of technological
progress, which affects the prediction results; However, micro models are weak in
analyzing the impact of economy, and often overestimate the impact of economy on
the model [11]. The system dynamics method can partially solve this contradiction by
examining the research object from the perspective of system.

The urban passenger transport is divided into three parts: bus, taxi and car. The
urban passenger transport level is counted from the perspective of the sharing rate of
urban passenger transport modes and the average travel intensity, and the national energy
technology model is used to predict the passenger transport demand of urban transport
in the future. The urban passenger transport network is modeled from the perspective
of system dynamics, which organically links transportation with social, economic and
environmental modules. In the transportation part, the number of vehicles, the propor-
tion of fuel types and energy consumption per 100 km are considered, and the energy
consumption of transportation travel is calculated by using the transportation energy
consumption equation. Based on the predicted passenger transport demand, the regional
urban transport energy consumption and carbon emissions can be divided and calculated
from a systematic perspective.

Taking a city as a case study, this paper provides a method for evaluating and pre-
dicting urban passenger transport energy consumption and carbon emissions through the
verification, calculation and analysis of the model. Taking 2021 as the base year, four
scenarios are set to evaluate the potential of energy conservation and emission reduc-
tion under different policy needs, including the benchmark scenario of maintaining the
inertia of urban development, the speed control scenario of considering the city’s speed
limit for cars and further optimizing the public transport system, the shared travel sce-
nario considering the promotion of shared travel mode, and the electric vehicle scenario
according to the overall goal of the national renewable energy vehicle industry develop-
ment plan. By comparing and analyzing the travel demand, energy consumption demand
and carbon emission intensity under different scenarios, the results show that the speed
control, shared travel and electric vehicle policies have changed the travel mode and
energy technology structure to a certain extent, especially the fossil fuel consumption in
the electric vehicle scenario will be largely replaced by power consumption.

At the same time, it can evaluate the energy conservation and emission reduction
potential of the city in urban passenger transport, and put forward relevant sugges-
tions and development plans for the government in the field of energy conservation and
emission reduction in urban passenger transport.

2 Prediction Model of Urban Passenger Transport Demand

2.1 National Energy Technology Model

The optimization principle of the national energy technology (Net Transport) model is
to minimize the total cost of vehicle technology that meets the service demand in the
planning year. The total cost is decomposed into the annual initial acquisition cost of
new technology, the operation and maintenance cost and fuel cost of all equipment in
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the planning year. In addition, energy tax and emission tax can be increased according
to the setting of scenarios.

min TCt =
∑

j

(
∑

l

(AICt,j,l + OMt,j,l + FCt,j,l))+
∑

e

KeQt,e +
∑

m

KmQt,m (1)

where, t represents the planning year; l represents the means of transportation, including
bus and trolley bus, rail transit, taxi, car and electric bicycle; l represents the vehicle
technology category, distinguishing fuel types and energy efficiency levels; e indicates
the type of energy, including gasoline, diesel, natural gas, liquefied petroleum gas, bio-
gasoline, electricity, etc. m indicates the type of gas produced by the fuel consumed
by the vehicle, such as CO2; TCt represents the total cost of the planning year; AICt,j,l

represents the annual initial acquisition cost of vehicle technology l of mode j; OM t,j,l

represents the annual operation and maintenance cost of transportation mode j vehicle
technology l; FCt,j,l represents the annual fuel cost of transportation mode j vehicle
technology l;Ke represents the energy tax levied on behalf of energy consumption units;
Qt,e represents energy consumption of e; Km represents emission tax levied on behalf of
emission unit gas m; Qt,m represents gas emissions of m.

The initial investment cost of the new transportation mode j vehicle technology l in
the t year is converted by the total initial investment cost ICt,j,l at the depreciation rate
αj,l, as shown in formula (2):

AICt,j,l = ICt,j,l
αj,l(1+ αj,l)

Tj,l

(1+ αj,l)
Tj,l − 1

(2)

where, ICt,j,l represents the total cost of initial acquisition of vehicle technology l of
transportation mode j; αj,l represents the depreciation rate of vehicle technology l of
transportation mode j; Tj,l represents the service life of vehicle technology l of trans-
portation mode j. Formula (2) apportions the initial total purchase cost of vehicles to
each year within the service life, so as to obtain the annualized investment cost.

The fuel cost FCt,j,l of transportation mode j vehicle technology l year is calculated
by formula (3), which is related to the total annual energy consumption and energy price
of vehicles:

FCt,j,l =
∑

e

Qt,j,l,eOt,j,lPricet,e (3)

where, Qt,j,l,e represents the consumption of t transportation mode j vehicle technology
l energy e in the planning year; Ot,j,l represents the operation quantity of transportation
mode j vehicle technology l in the planning year t; The product of the operating quantity
and the annual transportation capacity of the unit vehicle technology ofmode j represents
the service volume provided by mode j vehicle technology l in the planning year, which
is optimized by the model based on the principle of cost minimization. In addition, the
number of operations should not exceed the number of vehicles owned by transportation
mode j and vehicle technology l in the planning year. Pricet,e represents the unit price
of energy e in the planning year t.

The energy consumption Qt,j,l,e of mode j vehicle technology l in the planning year
is calculated from the driving mileage of mode j vehicle technology l and the unit energy
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consumption of the vehicle. The gas emission Qt,j,l,m is related to energy consumption
and gas emission factor, as shown in formula (4) and formula (5):

Qt,j,l,e = Xt,j,lEt,j,l,e (4)

Qt,j,l,m = Qt,j,l,eft,e (5)

where, Xt,j,l represents the annual driving mileage of vehicle technology l of mode
j; Et,j,l,e represents the energy consumption per unit mileage of transportation mode j
vehicle technology l; f t,e represents the emission factor of energy e with respect to gas
m.

The energy consumption Qt,e (Gas m emission) of the transportation department
in the planning year is multiplied by the annual single vehicle energy consumption
(Annual single vehicle emission) of the transportation mode j vehicle technology l by
the operation quantity Qt,j,l in the planning year, as shown in formulas (6) and (7):

Qt,e =
∑

j

∑

l

Qt,j,l,eOt,j,l (6)

Qt,m =
∑

j

∑

l

Qt,j,l,mOt,j,l (7)

2.2 Prediction Model of Urban Passenger Transport Demand

This paper establishes a prediction model of urban passenger transport demand based on
the classification of cities from the size of population development. The model considers
the number of future urban residents in cities with different population sizes, residents’
travel intensity, the sharing rate of each travel mode and the travel distance of each travel
mode. Using this model, we can get the passenger turnover of various travel modes in
cities with different population sizes in the future.

The passenger transport turnover Df j of mode j in the future is calculated by the
urban passenger transport demand generation model, as shown in formula (8):

Df
j =

∑

i

PiIiSj,iDISj,i365 (8)

where, i represents the city level classified by population size; Pi represents the total
population of grade i cities; Ii represents the number of trips per capita of grade i urban
residents (times/person/day); Sj,i represents the travel sharing rate of public transporta-
tion modes j of grade i; DISj,t represents the average travel distance (km/time/person)
of grade i public transportation mode j (Fig. 1).
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Fig. 1. Energy consumption and national ratio in transportation, storage and postal industries.

3 Construction of Urban Passenger Transport Network Module
Based on System Dynamics

On the basis of system dynamics, the urban passenger transport is modeled, which
is divided into three modules: bus, taxi and car. At the same time, the data statistics
are carried out from the number of vehicles, the proportion of fuel types and the energy
consumption of 100 km, and the energy consumption of transportation travel is calculated
by using the transportation energy consumption equation (Fig. 2).

Fig. 2. Urban passenger transport network module diagram.

3.1 Data Related to the Number of Vehicles and the Proportion of Fuel Types

Take a city as a reference, andmake statistics on the proportion of transportation vehicles
and fuel types in the city from 2010 to 2021 (see in Tables 1, 2, 3 and 4).
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Table 1. Number of Transportation Vehicles in the City from 2010 to 2021.

Date Bus Taxi Car

2010 832 2241 130691

2011 891 2333 171145

2012 1018 2344 211600

2013 1124 2344 259681

2014 1119 2401 307267

2015 1294 2595 500197

2016 1837 3052 751307

2017 2488 3607 1102630

2018 3241 4783 1403319

2019 4609 5791 1702806

2020 5573 6700 2100074

2021 6730 7880 2551054

Table 2. Proportion of Bus Fuel Types in the City from 2010 to 2021.

Time LNG Gasoline Electric Petrol/electric hybrids

2010 0 100% 0 0

2011 0 100% 0 0

2012 3.9% 96.1% 0 0

2013 21.2% 78.8% 0 0

2014 21.4% 78.6% 0 0

2015 23.7% 76.3% 0 0

2016 26.9% 56.5% 3.8% 12.8%

2017 30.1% 46.1% 7.9% 15.9%

2018 32% 39.2% 12.4% 16.4%

2019 29.8% 28.5% 19.2% 22.5%

2020 20.8% 23.4% 25.1% 30.7%

2021 13.3% 20.9% 30.7% 35.1%

3.2 Energy Consumption Per 100 km of Urban Vehicles

The parameter setting of the base period of 100 kmenergy consumption of urban vehicles
in the city follows the following principles: assign values according to the order of the
city’s survey data > literature data > locomotive test data provided by the network.
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Table 3. Proportion of Taxi Fuel Types in the City from 2010 to 2021.

Time LNG Gasoline Electric Petrol/electric hybrids

2010 0 100% 0 0

2011 0 100% 0 0

2012 56.1% 43.9% 0 0

2013 56.1% 43.9% 0 0

2014 61.7% 38.3% 0 0

2015 61.7% 38.3% 0 0

2016 61.7% 38.3% 0 0

2017 59.9% 40.1% 0 0

2018 56.3% 43.7% 0 0

2019 50.5% 37.5% 0 12%

2020 37.8% 36.8% 5% 20.4%

2021 28.7% 30.9% 15.1% 25.3%

Table 4. Proportion of Car Fuel Types in the City from 2010 to 2021.

Time Gasoline Electric Petrol/electric hybrids

2010 100% 0 0

2011 100% 0 0

2012 100% 0 0

2013 100% 0 0

2014 100% 0 0

2015 100% 0 0

2016 90% 0 10%

2017 85.5% 0 14.5%

2018 75.6% 5.3% 19.1%

2019 62% 13.6% 24.4%

2020 50.9% 20.9% 28.2%

2021 41.4% 25.7% 32.9%

For the situation that there are many values in the literature, this paper will refer to the
authority of published journals and try to use “intermediate data” for quotation.

Since most documents do not indicate the specific year corresponding to the value in
the assignment of 100 km energy consumption, this paper adopts a fuzzy treatment for
this part of the data, in principle, the same data is used in 2021 and 2015, and slightly
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adjusted according to other data sources. As shown in the Table 5 for the parameter
settings.

Table 5. Energy Consumption Per 100 km of Various Transportation Vehicles in the City in 2021.

Vehicle Gas (m3) Diesel (Gasoline) oil (L) Electric (kWh) Petrol/electric
hybrids

gasoline electric

Bus 29.62 38.88 87.6 29.03 3.78

Taxi 9.45 10.15 16.71 2.53 8.4

Car 9.28 8.16 18.01 2.32 7.78

3.3 Public Transportation Passenger Transport Level

The data of public transport share rate and average daily mileage of buses are estimated
according to the mileage in the Yearbook, passenger volume and number of residents’
trips; The average passenger capacity of taxis is set according to the literature value.
Transfer times, annualmileage of cars and annualmileage of taxis are considered through
the survey data (Table 6).

Table 6. The Level of Public transportation and Passenger Transport in the City in 2021.

Taxi
sharing
rate

Bus
sharing
rate

Number of
trips per
capita

Annual
mileage
of taxi
(km)

Transfer
times

Annual
mileage
of car
(km)

Average
passenger
capacity of
taxi
(person)

Average
daily
mileage
of buses
(km)

4.92% 7.74% 2.75 12198 1.24 8313 1.38 132

3.4 Prediction and Calculation Method of Energy Consumption and Carbon
Emission

Combined with the prediction of passenger transport demand in Sect. 2, this section
divides the transportation energy consumption into threemodules from the perspective of
system dynamics and calculates the consumption and carbon emissions of each module
based on the prediction of passenger transport demand, so as to obtain the predicted
energy consumption and carbon emissions.

This paper uses the transportation energy consumption equation to calculate the
energy consumption of transportation travel. The energy consumption of different travel
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modes and types of transportation energy technology can be expressed as a nonlinear
equation of travel time, and the travel time of each means of transportation is calculated
according to the driving speed of the relevant means of transportation. The energy con-
sumption per unit distance of traveler’s choice of travel mode m and technology t is as
follows (9):

Ei,m,t =
ei,m,t(e1 + e2(

1
ti,m,t

) + e3ti,m,t)

fi,m
(9)

where, ei,m,t represents the exogenous parameters that calibrate the energy consumption
of different vehicles and technology types; e1, e2, e3 represent the given parameters used
to evaluate traffic energy consumption; ti,m,t represents travel time; f i,m represents the
load factor of the vehicle.

Taking 2021 as an example, using the above calculation method, we can get the
passenger transport energy consumption and composition and total carbon emission
composition of the city in 2021 (Fig. 3).

Fig. 3. Urban passenger traffic energy consumption composition (a) and carbon emission
composition (b).

4 Case Study

4.1 Scene Settings

This paper sets 2021 as the base year. Four different scenarios are set to evaluate the
energy conservation and emission reduction potential of public transportation energy in
a city under different policy needs.

Scenario 1: the benchmark scenario of maintaining the inertia of urban development.
Scenario 2: consider the speed control scenario in which the city adopts a speed limit
for cars and further optimizes the public transport system.
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Scenario 3: shared travel scenario considering the promotion of shared travel mode.
Scenario 4: electric vehicle scenario according to the overall goal of the national
renewable energy vehicle industry development plan.

4.2 Analysis of Simulation Results

The travel demand of the city from 2010 to 2060 is shown in Fig. 4. In the benchmark
scenario, due to economic development, urbanization and population changes, the total
demand for travel increased from 3.1 billion person kilometers in 2010 to 5.8 billion
person kilometers in 2060. In the benchmark scenario without any exogenous policies,
car travel accounted for the largest proportion. Travel demand is driven by population
growth, economic development, land use, travel mode, technological progress and other
factors. Since the travel mode and transportation technology in the benchmark sce-
nario do not change significantly without exogenous policy impact, the change of traffic
demand is mainly affected by the future population and economic growth path.

Fig. 4. Travel demand across scenarios.

According to the predicted value in SSPS, the future population change of the city
will show a trend of first rising and then falling. Therefore, the traffic demand also shows
a similar change path. In terms of energy technology types, due to the decline in battery
costs and vehicle costs brought about by technological development and the comparative
advantage of energy prices, the proportion of electric vehicles in car travel demand
rose to 18% by 2060. The speed control scenario significantly changed the structure of
travel mode. The travel demand of public transport increased from 2.1 billion person
kilometers in the benchmark scenario to 2.9 billion person kilometers in 2060, while the
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travel demand of cars decreased from 2.5 billion person kilometers in the benchmark
scenario to 1.6 billion person kilometers. The number of car trips in the shared travel
scenario increased slightly, because the promotion of shared travel mode has reduced
the transportation cost of car travel to a certain extent. There are significant changes in
the structure of transportation energy technology in the electric vehicle scenario, and
the electric vehicle technology has increased significantly in the three motorized travel
modes.

Traffic energy consumption and structure also show significant differences in
different scenarios (Fig. 5).

Fig. 5. Transportation energy consumption demand under different scenarios.

In the benchmark scenario, the total energy consumption of transportation increased
from 90000 tons of standard oil in 2010 to 160000 tons of standard oil in 2060, and
fuel vehicles accounted for the overwhelming proportion. In the speed control scenario,
the energy consumption of public transportation increased slightly while that of cars
decreased slightly, because speed control made more people use public transportation to
replace cars. Shared travel reduces energy consumption by reducing the energy intensity
of per capita travel. In 2050, the energy consumption of cars will drop from 110000
tons of standard oil in the benchmark scenario to 60000 tons of standard oil. Due to
the technological progress brought about by the electric vehicle scenario, the energy
consumption structure has changed greatly, and the power demand in the electric vehicle
scenario has gradually increased instead of the use of fossil fuels.

The transportation energy demand in the four scenarios shows the characteristics of
rising at first and then falling, which is consistent with the changing trend of transporta-
tion travel demand, and it is mainly affected by the future population growth path of
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the city. The implementation of speed control, shared travel and electric vehicle policies
will accelerate the transportation energy demand to enter the declining stage faster.

The medium and long-term traffic emission path of the city is shown in the Fig. 6.

Fig. 6. Carbon emission pathways of different scenarios.

In the benchmark scenario, the total carbon emissions increased from 250000 tons
in 2010 to 420000 tons in 2050. The speed control scenario can reduce carbon emissions
to a certain extent, from 420000 tons in the benchmark scenario to 390000 tons in 2050.
In the shared travel scenario, the change path of carbon emissions is more moderate.
Due to the promotion of shared travel mode, carbon emissions increased slowly from
2010 to 2030, and decreased from 2030 to 2060. The electric vehicle scenario shows the
most significant carbon emission reduction potential, which will be reduced to 160000
tons in 2050, even lower than the emission value in the benchmark year of 2010. It can
be seen that the electric vehicle policy can decouple carbon emissions from the growth
of travel demand. At the same time, to reflect the spatial differences in the development
of transportation energy, four regions with different development conditions in the city
are taken as examples.

It can be seen from the Fig. 7 reflects that the carbon emission intensity of four
regions under different scenarios in 2060, which is used to measure the carbon emission
per unit of travel demand. The carbon emission intensity of different scenarios shows
the same change law as the carbon emission path in the four zones.

However, under the same scenario, carbon emission intensity shows certain spatial
differences in different regions. In the benchmark scenario, speed control scenario and
electric vehicle scenario, the carbon emission intensity in the central urban area is lower
than that in other areas. However, the shared travel scenario shows the opposite spatial
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Fig. 7. Carbon emission intensity of different scenarios.

differences, reflecting that the shared travel mode is conducive to the decline of carbon
emission intensity in the suburbs.

5 Conclusion

From the perspective of systemdynamics, this paper constructs a systemdynamicsmodel
for predicting energy consumption and carbon emissions of urban passenger transport
based on the pre-measurement of urban passenger transport demand. Taking a city as an
example, the energy consumption and carbon emission of public transportation in this
city are predicted and analyzed. The simulation results show that there is a strong corre-
lation between energy consumption and carbon emissions of urban passenger transport,
indicating that the efficiency of urban passenger transport in energy conservation and
carbon emission reduction is consistent.

The low carbon transport planning policy has a significant effect on energy con-
servation and emission reduction of urban passenger transport. Under the low-carbon
scenario, the passenger transport in the city will generate 123300 tons of standard coal
energy savings and 205700 tons of CO2 emission reductions. Cars are the primary con-
tributors to the energy consumption and carbon emission reduction of urban passenger
transport, followed by taxi, and third is bus. As a priority travel mode recommended by
the state, they will maintain a high share of public transport in the next few years.

References

1. Barczak, R.F., Duarte, F.S.: Environmental impacts of urban mobility: five categories of
mitigating measures. Revista Brasileira de Gestão Urbana 4(1), 13–32 (2012)



Research on Low Carbon Development Planning 271

2. Wang, H.P.F., Zhang, X.Y.S.: Spatial heterogeneity of factors influencing transportation CO2
emissions in Chinese cities: based on geographically weighted regression model. Air Qual.
Atmos. Health 13(8), 977–989 (2020)

3. Hao, J.J.F., Liu, X.Q.S., Shen, X.J.T., et al.: Bilevel programming model of urban public
transport network under fairness constraints. Discrete Dyn. Nat. Soc. (2019)

4. Mourrain, B.F.: Polynomial exponential decomposition frommoments. Found. Comut. Math.
18(6), 1435–1492 (2018)

5. Yanev, G.P.F., Chakraborty, S.S.: A characterization of exponential distribution and the
Sukhatme-Renyi decomposition of exponential maxima. Stat. Probab. Lett. 110, 94–102
(2016)

6. Yasuhiro, S.F., Azusa, T.S., Hideki, N.T.: International analysis on social and personal deter-
minants of traffic violations and accidents employing logistic regression with elastic net
regularization. IATSS Res. 46(1), 36–45 (2022)

7. Daniel, V.F., Roger, G.S., Marta, S.T., et al.: Automatic modeling of socioeconomic drivers
of energy consumption and pollution using Bayesian symbolic regression. Sustain. Prod.
Consum. 30, 596–607 (2022)

8. Zhang, M.M.F., Zhang, S.C.S., Lee, C.C.T., et al.: Effects of trade openness on renewable
energy consumption inOECDcountries: new insights frompanel smooth transition regression
modelling. Energy Econ. 104, 105–649 (2021)

9. Mohammed, A.J.F., Aurora, G.V.S., Antonio, F.S.T., et al.: A hybrid neuro-fuzzy inference
system-based algorithm for time series forecasting applied to energy consumption prediction.
Appl. Energy 268(15), 114–977 (2020)

10. Roberto, Á.F.F., Sergio, C.C.S., Francesc, C.L.T.: A probabilistic approach for determining
the influence of urban traffic management policies on energy consumption and greenhouse
gas emissions from a battery electric vehicle. J. Clean. Prod. 236, 117–604 (2019)

11. Bahareh, O.F., Ali, M.S., Shahabaldin, R.T., et al.: Asymmetric impacts of economic uncer-
tainties and energy consumption on the ecological footprint: implications apropos structural
transformation in South Korea. Fuel 322, 124–180 (2019)


