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Abstract

Environmentally friendly path planning has become an important topic in transportation
research as concerns about carbon emissions continue to grow. This study presents a
Systematic Literature Review (SLR) and bibliometric analysis to identify the state of the art
in green shortest path optimization. Using the PRISMA guideline, the study analyzes 20
articles selected from Scopus, ScienceDirect, and Dimensions databases published between
2021 and 2025. Results indicate that the field is dominated by metaheuristic and Al-
based approaches, while deterministic methods with explicit objective prioritization remain
underutilized. Bibliometric visualization identifies traffic congestion and carbon emission
policies as major research clusters, yet few studies integrate these with real-time GPS data in
developing countries. Based on these findings, this paper proposes a conceptual framework for
a GPS-based Lexicographic Multi-Objective Optimization model. The proposed framework
prioritizes carbon emission minimization as the primary objective, followed by travel time,
offering a transparent decision-making tool for sustainable urban transportation.
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1. Introduction

The problem of determining the optimal shortest path has long been a fundamental subject
in operations research and graph theory [1]. Land transportation networks can be modeled as
graphs, where intersections or key locations are represented as vertices and road segments as
edges. This graph-based representation enables systematic analysis of network topology and
performance and has been widely applied in transportation optimization studies [2]. In practical
routing problems, multiple and often conflicting objectives arise, such as minimizing travel time
while reducing carbon emissions, leading to the formulation of the Multi-Objective Shortest
Path Problem (MOSPP) [3]. Addressing this problem requires optimization approaches that can
handle trade-offs between competing objectives in a structured manner [4]. Among the available
approaches, the Lexicographic Method is particularly suitable when there is a clear priority
among objectives, for example when environmental considerations are placed above operational
efficiency [1], [4], [5].
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Systematic Literature Review of Environmentally Friendly Shortest Path

In recent years, research on environmentally friendly or green shortest path problems has
expanded significantly through the application of metaheuristic algorithms [6], [7], [8] and machine
learning-based approaches [9]. While these methods are effective in exploring large solution
spaces, their implementation often depends on extensive data availability and high computational
requirements. Such conditions can be challenging in urban transportation networks characterized
by heterogeneous traffic and limited data quality, which are common in many developing countries
[10]. Consequently, there remains a need for optimization frameworks that are robust, transparent,
and less dependent on complex data structures. In this context, deterministic approaches such
as the Lexicographic Method offer advantages by providing hierarchical solutions with explicit
objective prioritization.

The transportation sector is widely recognized as a major contributor to global carbon
dioxide (C'O2) emissions. In many developing countries, rapid urbanization, increasing private
vehicle ownership, and persistent traffic congestion have intensified emission levels in urban road
networks [11], [12]. These conditions not only increase fuel consumption and travel time but also
pose challenges to achieving long term climate mitigation targets, such as net zero emission goals
[13]. Therefore, incorporating environmental objectives into route optimization is increasingly
important for the development of sustainable transportation systems.

Given this background, a systematic review that maps the development of research on eco-
friendly shortest path optimization is necessary. This study aims to review the state of the art
in carbon emission-based shortest path optimization using a multi-objective approach and to
identify existing research gaps that can support the formulation of a priority-based optimization
framework. To address these objectives, this study is guided by the following research questions:

1. Which optimization methods are used in the environmentally friendly shortest path research
field?

2. How is the state of the art in green shortest path optimization determined to formulate
new research directions?

This paper contributes: (i) a comprehensive Systematic Literature Review (SLR) and
bibliometric mapping of the field, (ii) an analysis of current methodological trends and gaps, and
(iii) a proposed conceptual optimization formulation to be validated in future work.

2. Methods

This chapter outlines the research methodology employed in this Systematic Literature Review
(SLR) study. The applied method combines a SLR approach with bibliometric analysis, alongside
a conceptual study of GPS-based eco-friendly shortest path mathematical optimization models.
This approach is utilized to map previous research developments, identify research gaps, and
establish a conceptual foundation for developing Multi-Objective Optimization models within
eco-friendly navigation systems.

2.1. Research Design

This study employs a SLR approach combined with bibliometric analysis to examine research
developments regarding the determination of GPS-based eco-friendly shortest paths. The SLR
approach was selected for its ability to provide a systematic, transparent, and reproducible
literature search process, ensuring that the obtained review results are objective and structured
[14]. The search was conducted to retrieve publications within the time window of 2021 to 2025,
ensuring the review captures the most recent developments.

As the primary guideline for conducting the SLR, this study adheres to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta Analyses) method [15]. PRISMA is used to
ensure that every stage of literature selection, from identification to article inclusion, is conducted
consistently and is welldocumented. Consequently, the risk of bias in literature selection can be
minimized.
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The research scope focuses on studies addressing shortest path optimization, Multi-Objective
Optimization, eco-routing, and the utilization of GPS and road networks in navigation systems.
Selected literature is then analyzed quantitatively through a bibliometric approach and qualita-
tively through a state of the art review. The results from this stage serve as a conceptual basis
for formulating directions for developing shortest path optimization models that are not only
efficient in terms of time or distance but also environmentally friendly.

2.1.1. Inclusion and Exclusion Criteria

To ensure the relevance and quality of the selected literature, specific inclusion and exclusion
criteria were applied. These criteria are detailed in Table 1.

Table 1: Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Published between 2021-2025 Published before 2021

Written in English Non-English documents

Article type: Journal Articles and Confer- Review papers, book chapters, and short
ence Proceedings surveys

Focuses on Multi-Objective Optimization Single-objective optimization (distance
or Green Shortest Path only)

Mentions GPS, real-time data, or dynamic Purely theoretical graphs without real-
traffic world data context

The research scope focuses on studies addressing shortest path optimization, Multi-Objective
Optimization, eco-routing, and the utilization of GPS and road networks in navigation systems.
Selected literature is then analyzed quantitatively through a bibliometric approach and qualita-
tively through a state of the art review. The results from this stage serve as a conceptual basis
for formulating directions for developing shortest path optimization models that are not only
efficient in terms of time or distance but also environmentally friendly.

2.2. Bibliometric Analysis

Bibliometric analysis is utilized in this study to obtain a quantitative overview of the structure
and evolution of research in the field of eco-friendly shortest path optimization. This method
leverages scientific publication data such as citation counts, keywords, authors, and inter article
relationships to identify research trends and relationship patterns between topics [16].

According to Donthu et al. [17], bibliometric analysis is highly effective in mapping the
development of a research field and uncovering both dominant and underexplored topics. In the
context of this study, bibliometric analysis is used to identify how topics such as green shortest
path, eco-routing, and Multi-Objective Optimization have evolved in recent years.

VOSviewer software is employed as the primary tool for bibliometric analysis due to its
capability to visualize bibliometric networks intuitively and informatively [18]. VOSviewer
enables the mapping of keyword relationships (keyword co-occurrence), citation relationships
between articles, and author collaborations. Keyword co-occurrence analysis is used to identify
research topic clusters, while overlay visualization is used to observe topic progression based on
publication year.

The analyzed keywords include primary terms such as green shortest path, eco-routing,
carbon emission, Multi-Objective Optimization, and GPS-based navigation. The results of this
bibliometric analysis serve as the foundation for compiling the state of the art and identifying
existing research gaps, particularly regarding the application of eco-friendly optimization models
within the context of transportation in developing countries.
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2.3. Mathematical Models and Formulations

This subsection presents the mathematical formulation that serves as the conceptual foundation
of this study. The model integrates transportation network representation, carbon emission
estimation, shortest path optimization, and multi-objective decision making using a lexicographic
approach.

The transportation network is modeled as a directed graph D = (V, A), where V' denotes the
set of vertices representing intersections or specific locations, and A denotes the set of directed
arcs representing road segments [19]. Each arc (i, j) € A is associated with multiple attributes,
namely distance d;; (km), travel time ¢;; (minutes), and estimated carbon emissions e;; (g CO2).

Carbon emissions are estimated using a simplified version of the MEET (Methodology for
Estimating Emissions from Transport) model. For Euro I gasoline passenger vehicles with an
engine capacity between 1.4L and 2.0L, the emission rate per kilometer (v) (in g COg/km) is
formulated as a function of average speed v (km/h) as follows [20]:

2526
e(v) = 231 — 3.62v + 0.026302 + ———, (1)
v

this specific formulation for a speed range of 5-130 km/h [20]. The parameters include base
emission constants, linear and quadratic speed components, and an inversely proportional term
(2526/v) which captures the significant increase in emissions during low-speed traffic or congested
conditions [20]. For each arc (4, j), the total carbon emissions e;; are calculated by multiplying
the emissions rate with arc distance d;; [20], [21]:

2526
eij = (231<—E&620M«+(102630%«+) x dij, (2)
Vij
where v;; denotes the average speed on arc (i, j) obtained from GPS-based traffic data. The
shortest path problem on graph D = (V, A) with source node s € V and destination node t € V'
is formulated as a network flow optimization problem [22]:

min Z CijTij,

(i,5)€A
1, ifi =s,
st > wmy— ) wR=40, ifieV\{s1}, @
j:(i,j)€A Ji(ki)€A -1, ifi=t,

Tij € {0, 1}7 V(i,j), (k72) € A7

where z;; is a binary decision variable indicating whether arc (4, j) is included in the selected
path, and ¢;; denotes the cost associated with arc (i, 7).

In eco-routing applications, travel time and carbon emissions constitute two conflicting
objectives. Therefore, the problem is extended to a MOSPP [3], formulated as:

min [f1(2), f2(@)],

1, ifi = s,
st Y wii— Y, w =10, ifieV\{st} (4)
J:(i.5)eA J:(kg)eA —1, ifi=t,

zij € {0,1}, V(i,7), (ki) € A,
with objective functions defined as:
file) =) ejwij, (5)
(4,5)€A

fa(z) = Y tija. (6)

(i,7)EA
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To solve the MOSPP, a lexicographic optimization method is employed, prioritizing emission
minimization over travel time [4], [5]. In the first stage, emissions are minimized:

min fi(x),
1, ifv=s,
S.t. Z Tij — Z Tr; = 40, ifi e V\ {s,t}, (7)
j:(i,7)€EA ji(ki)eA _17 if 4 = t,

Tij € {0, 1}7 V(l,j), (k72) €A

Let the optimal solution be x] with optimal emission value f}. In the second stage, travel
time is minimized while preserving the optimal emission level:

min fo(x),
1, if i = s,
st > mp— Y, k=10, ifieV\{st}, .
j:(i,4)€A ji(kji)eA _17 if 4 = t, ( )
fl(x) = fika

Tij € {0, 1}, V(Z,])(k‘,l) € A.

Travel time and emission parameters are derived from GPS-based traffic data, where ¢;; =
d;j/vi; and emissions are computed using the MEET-based formulation. Speed data are obtained
from the Google Maps API or similar sources, accounting for temporal traffic variations.

The proposed model is designed to be implemented using Python with PuLLP for binary
integer programming and NetworkX for graph representation. Validation is planned by comparing
the eco-routing solution with shortest distance and shortest time routes. A reduction threshold of
5% is selected as a benchmark for sensitivity analysis to evaluate the trade-off between emission
savings and increased travel time.

2.4. Bibliometric Mapping Methodology

The bibliometric mapping in this study is conducted through several structured stages to ensure
comprehensive and scientifically accountable analysis results.
1. Domain Determination
The domain under review encompasses shortest path optimization, eco-friendly transporta-
tion, Multi-Objective Optimization, and GPS-based navigation systems. This domain
determination aims to bound the scope of research to remain relevant to the study’s
objectives [23].
2. Scientific Database Selection
The databases used are Scopus, ScienceDirect, and Dimensions. These three databases were
selected due to their extensive publication coverage and compatibility with bibliometric
analysis using VOSviewer [24].
3. Search Strategy Formulation
The search is conducted using a combination of keywords and Boolean operators. The article
selection process follows PRISMA guidelines [15], which include identification, screening,
eligibility assessment, and final article inclusion stages.
4. Extraction and Cleaning of Bibliometric Data
Extracted article metadata includes title, abstract, keywords, publication year, author
names, and journal sources. Data is then cleaned to remove duplicates and irrelevant
articles.

5. Analysis and Visualization using VOSviewer
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In this stage, a keyword co-occurrence network is constructed by setting a minimum
threshold for keyword occurrences to ensure that the resulting visualization is representative
and unaffected by rarely occurring terms [18].
6. Interpretation and Synthesis of Bibliometric Mapping Results

The formed clusters are analyzed to identify main research themes, relationships between
topics, and future research opportunities. The results of this analysis serve as the basis for
compiling the state of the art and formulating the design of subsequent research regarding
GPS-based eco-friendly shortest path optimization models.

3. Result and Discussion

This chapter presents the main results derived from the SLR process and bibliometric analysis
concerning Multi-Objective Optimization for GPS-based eco-friendly shortest path determination.
The analysis results are organized into several subsections, including keyword combination
analysis, the PRISMA flow diagram, state of the art mapping, and bibliometric visualization
using VOSviewer. All these findings are utilized to identify research patterns, methodological
trends, and research gaps that form the basis of this study’s contribution.

3.1. Keyword Combination Analysis

The analysis of keyword combinations was conducted to identify the interrelationships between
the topics of Multi-Objective Optimization, shortest path determination, environmental aspects,
and the use of the Global Positioning System (GPS) in transportation research. During the
literature search process, keywords were classified into four main thematic categories, labeled
A, B, C, and D, based on their research focus. The classification of keyword groups and their
corresponding search terms is presented in Table 2.

Table 2: Keyword groups and corresponding search terms

Group Theme Keyword combinations
A Multi-Objective Optimization “Multi-objective optimization” OR “Multi-criteria optimiza-
tion”
B Shortest Path / Routing “Shortest path” OR “Path optimization” OR “Eco-routing”
C Environmental Impact “Carbon emission” OR “Fuel consumption” OR “Energy-
efficient”
D Navigation System “GPS” OR “Global Positioning System”

Combinations of these four keyword groups were systematically used to search for relevant
publications in the Scopus, ScienceDirect, and Dimensions databases. A summary of the number
of publications retrieved for each keyword combination is presented in Table 3, representing the
initial search volume for each keyword combination prior to the screening process.

Table 3: Search Results based on Keyword Combinations

Type Code Scopus ScienceDirect Dimensions
I A 2442 591 10993
II B 903 1024 4283
I C 4738 31794 62469
v D 818 9264 40867
\% BC 39 74 194
VI AB 27 60 68
VII ABC 2 19 12
VIII ABD 0 6 1
X ABCD 0 2 0
Total types V to IX 68 161 275

The "Total types V to IX" row indicates the aggregated pool of potential articles identified
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through multi-keyword combinations (Codes V through IX) which served as the initial candidate
set for the screening process. Based on Table 3, the combination of keywords B-C (shortest path
and environmental impact) yields a relatively high number of publications across all databases.
This finding indicates increasing research attention toward sustainable transportation and the
environmental implications of road network—based navigation systems.

Conversely, keyword combinations that explicitly integrate Multi-Objective Optimization
(Group A) with shortest path problems and environmental aspects (Groups B and C), particularly
those involving deterministic solution approaches, remain very limited. Most existing studies
rely on metaheuristic methods such as Genetic Algorithms, Particle Swarm Optimization, and
Ant Colony Optimization to address the trade-off between travel time and carbon emissions.

The limited number of studies examining the application of deterministic methods, such as
the Lexicographic Method, within the context of green shortest path problems reveals a clear
research gap. This gap is particularly relevant because the lexicographic approach provides a
structured hierarchical solution, which is well suited for decision making scenarios with strict
priority objectives, such as minimizing carbon emissions as the primary goal and travel time as

the secondary objective.

3.2. PRISMA Flow Diagram

The article selection process in this study is presented through the PRISMA diagram, which
systematically illustrates the stages of identification, screening, eligibility evaluation, and article

inclusion.
Sopus Setsaes Dimensions
Zes Direct =275
t n=161 n
2
=
%
= \ 4
Articles 1dentified based on
database searches
n=>504
— A
ap
2 Removing duplicates N Exluded
e Included n= 384 ” n=120
v
J— A
Selection by title and abstract N Excluded
Included n = 40 "] n= 344
=
=
2
é::‘J y
Selection based on full text . Excluded
Included n = 20 7] n=20
2 Selected articles for analysis
S Included n =20

Figure 1: PRISMA Diagram for Article Selection Process
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The initial database search identified a total of 504 articles. After removing duplicates and
screening titles and abstracts based on specific criteria, 45 articles were assessed for full-text
eligibility. Finally, 20 articles met all inclusion criteria and were included in the qualitative and
bibliometric analysis.

The selection results indicate that the majority of research still focuses on developed countries
and transportation network contexts with traffic characteristics different from those in Indonesia.
Following the screening phase based on titles, abstracts, and keywords, the number of articles
decreased significantly due to duplication and topical irrelevance.

3.3. State of the Art

A summary of the state of the art from the selected studies is presented in Table 4.

Table 4: State of the art of Research Related to Green Shortest Path

No Reference MOO Eco-Friendly Shortest Path GPS/GIS Algorithm Used

1 Pradeep et al. (2024) - v v v XGBoost
[25]

2 Elgammal (2025) [26] v v v v MOPSO

3 Zhuand Zhu (2022) [27] v v v - NSGA-II, K-Shortest

Path

4 Yang and Jiang (2024) v v - - ALNS-ACO
[28]

5 Lietal (2022) [29] - v v v Dijkstra Variant

6 Saxena et al. (2025) V v v - GNN + Dijkstra
[30]
Yang et al. (2023) [31] v v - - Fuzzy Adaptive GA
Wu et al. (2024) [32] v v v - Modified DBO

9 Cheng and Jia (2024) - v v - GA-LNS
[33]

10 Benmessaoud et al. - v v v Dynamic Graph-Based
(2023) [34]

11 Qi et al. (2024) [35] v v v v Improved NSGA-II

12 Qian (2021) [36] - v v v Heuristic Algorithm

13 Yin (2025) [37] - v v - Genetic Algorithm

14 Ren et al. (2025) [38] - v v - Improved GA

15 Zhang et al. (2022) [39] - v v v Improved A*

16 Hu et al. (2023) [40] v v v v Minimum-Snap Trajec-

tory

17 Lu et al. (2023) [41] v v - - NSGA-II

18 Ibrahim et al. (2022) v v v - Optimal Transporta-
[42] tion Theory

19 Xu et al. (2023) [43] - v v - Dual-Subgradient

20 Kisialiou et al. (2024) v v - Dynamic Programming
[44]

21 Proposed Framework v v v v Lexicographic Method

Based on Table 4, research on the green shortest path generally focuses on path optimization by
considering carbon emissions, energy consumption, and travel time. The majority of studies have
adopted a multi-objective approach, indicating increasing attention to sustainable transportation
issues.

In terms of methodology, the most dominant approaches are metaheuristic algorithms and
Artificial Intelligence-based methods, such as NSGA-II, Genetic Algorithm, Particle Swarm
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Optimization, as well as combinations with Machine Learning and Deep Learning to enhance
adaptability to dynamic traffic conditions. Quantitative analysis of the reviewed articles confirms
this trend, revealing that approximately 70% of the studies rely on these metaheuristic or
Al-based approaches. Furthermore, while variations of classic graph algorithms like Dijkstra and
Dynamic Programming are used, they appear much less frequently as the primary optimization
engine.

Nonetheless, most research still relies on Pareto solutions without explicitly setting goal
priorities. The conflict between minimizing emissions and minimizing travel time is generally
resolved through a compromise approach, rather than through a structured hierarchy of objectives.

From the implementation aspect, direct integration between optimization models and GPS-
based navigation systems remains limited. Although 45% of the studies incorporate some form of
spatial data or GIS, the direct utilization of real-time GPS speed data as a core dynamic variable
in a deterministic optimization process has not been extensively studied in depth.

Moreover, the use of deterministic methods, especially the Lexicographic Method, is rarely
found in the green shortest path literature. This is a missed opportunity, as this method offers the
advantage of establishing clear priority between objectives, particularly when the environmental
aspect is deemed more important than travel time.

In contrast to previous studies, this research proposes a Multi-Objective Optimization model
based on the Lexicographic Method to determine the eco-friendly shortest path, with carbon
emission minimization as the primary objective and travel time minimization as the secondary
objective, integrated with the GPS. Thus, this study fills the gap between eco-friendly path
optimization, deterministic goal prioritization, and implementation in real world navigation
systems, especially within the context of Indonesian road networks.

3.4. Bibliometric Visualization

This subsection presents the bibliometric network generated through VOSviewer, based on
keyword co-occurrence with a minimum threshold of two. This mapping reveals thematic clusters
and conceptual linkages within the domain of the shortest path problem, carbon emission
optimization, and dynamic programming.

green vehicle gouting problem
AN )
S VOSviewer
) R L
: multi-objectivgoptimization
carbon emission cost
@
algaithm
optinization
carbowission

path optifnizations carbon
optimal paths traffic cmgestion e
multimod&l transport dynamic programming

mu\ti—objeetivg‘pafh-decfsion v
carbon emission policies

Figure 2: The VOSViewer Bibliometric Visualization

The visualization highlights carbon emission as the most central and frequently appearing
keyword, underlining its fundamental role in the field of green transportation optimization. The
network reveals four thematic clusters, each representing a distinct research focus.

The first cluster (green) centers on carbon emission policies and multimodal transport, utilizing
a systematic regulatory approach where environmental targets act as primary constraints. The
second cluster (red) reflects a more adaptive and quantitative optimization, combining the shortest
path problem, Multi-Objective Optimization, and carbon emission costs. The third cluster (yellow)
focuses on the technical aspects of carbon management and traffic quality to better represent
emission fluctuations. Finally, the fourth cluster (blue) advances risk management through
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mathematical transformation methods such as traffic congestion and dynamic programming,
reflecting the increasing sophistication of decision-making models in modern green transportation
systems.

The overlay visualization in Fig. 3 illustrates the evolution of research focus over time. In
this mapping, the color gradient from dark blue to light yellow represents the progression of
publication years, where blue nodes indicate earlier research focus, while light yellow nodes reflect
newer developments. This visual pattern demonstrates how interest in specific topics has evolved,
offering insight into emerging trends.

green vehicle routing problem
multi-objective optimization

carbon emission cost
alg;)rithm
optimization
carbon emission
path optimizations 7 ca@‘n w

OP“”@P@E traffic congestion
multimodal transport dynamic programming

multi-objeetivgjpath-decision
carbon emigsion policies

A .
I, VOSviewer
v 20220 20225 20230 20235  2024.0

Figure 3: The VOSViewer Overlay Visualization

Based on the bibliometric visualization map, the development of research in green trans-
portation and carbon emission management shows a clear transition from classic frameworks
toward more sophisticated and dynamic methodologies. In the early period (2022.0), studies
concentrated on fundamental themes such as carbon emission policies and multimodal transport,
establishing the groundwork for systematic path determination modeling and environmental risk
assessment. During this phase, the emphasis was on relatively simple yet structured approaches.

Over time, research progressed toward Multi-Objective Optimization, indicating a growing
interest in modeling uncertainty and the regulation of emission costs. In the intermediate period
(2022.5-2023.0), attention shifted to optimization-based methods, aiming to improve the accuracy
of emission estimation.

The most recent period (2023.5-2024.0) marks a prominent focus on optimal decision-making
in complex environments, with traffic congestion and dynamic programming emerging as key
themes. These approaches underscore the importance of strategic intervention to maintain
transportation efficiency and prevent excessive emission increases.

Overall, the bibliometric trends illustrate a trajectory from static and deterministic models
toward dynamic and data-driven frameworks. The insights derived from this analysis substantiate
the structural design of the proposed mathematical model. Specifically, the prominence of traffic
congestion within Cluster 4 necessitates the adoption of the MEET model, particularly its speed-
dependent inverse term (2526/v), to accurately quantify emission surges during traffic delays.
Concurrently, the thematic focus on carbon emission policies in Cluster 1 validates the preference
for the Lexicographic method over Pareto-based approaches, as this hierarchical framework
aligns with regulatory scenarios where environmental compliance functions as a non-negotiable
constraint.

4. Discussion

Through a SLR and bibliometric analysis, clear trends have emerged in the development of green
shortest path optimization. When viewing the literature as a whole, there is an undeniable shift
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toward prioritizing environmental aspects, specifically carbon emissions.

The field is currently dominated by metaheuristic and evolutionary algorithms like NSGA-II
and Genetic Algorithms. While these methods are powerful, they often struggle with high
computational costs, making them difficult to apply in real time scenarios. This is a critical issue
for transportation systems in developing countries, where traffic conditions are often unpredictable
and diverse.

In contrast, deterministic approaches like the Lexicographic Method are often overlooked.
This is a missed opportunity, as these methods provide clear benefits in terms of transparency.
They allow for a strict prioritization of objectives ensuring, for instance, that emission reduction
is prioritized over speed. The lack of research in this specific area highlights a clear gap in the
literature.

Regarding implementation, there is still a divide between optimization models and actual
GPS navigation data. Most studies use static data, ignoring the potential of real time GPS
integration. This suggests that current models may not fully capture the reality of daily traffic.

Taken together, these findings suggest that future research needs to move beyond complexity
for complexity’s sake. Instead, the focus should be on creating models that are practical and
effective in complex environments. The conceptual direction discussed in this study aims to
answer this call for more applicable solutions.

5. Future Work

Based on the results of the bibliometric analysis, which demonstrate the dominance of topics
related to Multi-Objective Optimization and carbon emissions alongside the limited application
of hierarchical optimization methods in the context of developing countries, the primary agenda
for future research is the development of a GPS-based eco-friendly path optimization model.
This proposed framework is designed to directly address the gap identified in the literature,
specifically the limited integration of dynamic optimization and emission analysis in green path
models. By prioritizing carbon emission minimization through a strict lexicographic structure,
the upcoming research aims to ensure that environmental sustainability is not merely an optional
variable but the governing constraint of the optimization process. This approach is specifically
tailored to address the unique challenges of developing countries, where traffic unpredictability
often renders static models ineffective.

To ensure the proposed framework is systematic and reproducible, the research stages are
organized linearly from data acquisition to model validation. The process begins with the
extraction of real-time traffic parameters via Google Maps API, which are then converted into
a weighted graph representation. Subsequently, the optimization engine applies the Binary
Integer Programming (BIP) formulation to solve the multi-objective problem hierarchically.
This structured workflow allows for a clear translation of theoretical mathematical models into
executable Python computations.

Crucially, the framework includes a validation phase, where a sensitivity analysis using a
5% emission reduction threshold serves as a decision gate. This benchmark is established to
distinguish meaningful environmental benefits from stochastic traffic variations and GPS data
noise, which are particularly high in heterogeneous traffic environments like Indonesia. By setting
this minimum viability margin, the model ensures that the recommended green routes offer
genuine savings beyond the margin of error, balancing sustainability with operational efficiency.

The proposed research design consists of the following interconnected stages:

1. Literature Study Collection

A SLR will be conducted to identify the latest models in the shortest path problem, Multi-
Objective Optimization, and carbon emission reduction methods. The literature review
will cover studies on algorithm optimization, dynamic programming, and simulation-based
approaches relevant to the context of green transportation.
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2. Collection of Path Distance and Speed Data from Google Maps
Historical data regarding path distance and vehicle speed will be collected using the Google
Maps API. This data will be used to estimate model parameters such as travel time, fuel
consumption, and carbon emissions generated on various alternative shortest paths.

3. Graph Formation
The road network structure will be represented in the form of a graph, where nodes represent
location points (origin, destination, and waypoints) while edges represent road segments
with attributes of distance, time, and emission estimation. This graph formation will serve
as the basis for the shortest path optimization process.

4. Arc Weight Calculation
Each road segment (edge) in the graph will be assigned weights based on multiple criteria,
including travel distance, travel time, and estimated carbon emissions. Weight calculation
will consider factors such as average speed, road gradient, and traffic conditions to produce
a realistic representation of the travel cost.

5. BIP Model Formulation (Binary Integer Programming)
A Binary Integer Programming (BIP) model will be formulated to determine the optimal
shortest path considering multiple objectives. Since the decision variables representing the
selected path segments are binary (x;; € {0,1}), the formulation is specifically defined as a
BIP model. The model will include objective functions for emission minimization and time
minimization subject to network flow constraints.

6. Lexicographic Method Formulation
The Lexicographic Method will be applied to solve the Multi-Objective Optimization prob-
lem by establishing a priority order. This approach will solve the objectives hierarchically,
where the high priority objective (emission minimization) is solved first, and then the
next objective (time minimization) is solved without degrading the quality of the previous
objective’s solution.

7. Numerical Simulation with Python
Computational implementation will be carried out using Python with optimization libraries
such as PuLP to solve the BIP model. Simulations will be run on various shortest
path scenarios and vehicle parameters to evaluate the model’s performance under various
operational conditions.

8. Model Validation and Sensitivity Analysis
The proposed model will undergo validation through trade-off analysis and parameter
review, covering the evaluation of significant emission savings, variations in traffic patterns,
and fluctuations in vehicle speed. Results will be visualized and analyzed to generate
conclusions and practical implementation suggestions for transportation operators and
policymakers in the green transportation sector.

To illustrate the comprehensive structure and sequence of this research methodology, the
following flowcharts present the main steps of the study and the detailed lexicographic optimization
procedure.
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(a) Main Research Flowchart (b) Continuation of the Main Research Flowchart
Figure 4: Overall Research Flowchart

The subsequent flowchart illustrates the procedure used to determine the optimal solution
based on the Lexicographic Multi-Objective Optimization approach.
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Figure 5: Lexicographic Method Flowchart for Multi-Objective Optimization

6. Conclusion

This study has presented a Systematic Literature Review (SLR) and bibliometric analysis of 20
selected articles published between 2021 and 2025 regarding green shortest path optimization.
The review reveals that the field is currently dominated by metaheuristic and Al-based methods
(approximately 70% of studies), such as Genetic Algorithms and PSO. While effective, these
methods often require high computational resources. In contrast, transparent, deterministic
approaches like the Lexicographic method remain underutilized. Additionally, there is a lack
of studies that effectively incorporate real-time GPS data within a multi-objective framework,
especially in the context of developing countries.

Based on these findings, this paper contributes a conceptual framework for a GPS-based
Lexicographic Multi-Objective Optimization model. The proposed model uniquely prioritizes
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carbon emission minimization as the primary objective, followed by travel time, offering a
structured and transparent decision-making tool for sustainable urban transportation.

However, this study has several limitations that must be acknowledged. First, the literature
search was restricted to three specific databases (Scopus, ScienceDirect, and Dimensions), which
may have excluded relevant studies from other sources. Second, the final sample size of 20 articles
is relatively small, reflecting the niche nature of this topic. Most importantly, the mathematical
framework presented in this study is currently conceptual and has not yet been validated with
large-scale empirical field data. Therefore, future research should focus on the full computational
implementation of the proposed model using real-world traffic datasets (e.g., from Jakarta or
Bandung) and conduct a comparative analysis against traditional shortest-path algorithms to
quantify the trade-offs between solution quality and computational time.
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