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Appendix Table A1. Summary of the Reviewed MDVRP Studies (2021–2026)s
	Ref
	Year
	Problem variant
	Solution method
	Key constraints
	Objectives
	Sector
	Benchmark
	key contribution

	(Choi et al., 2026)
	2026
	Multi-period MDVRP, mobile centers
	MILP + GA
	Vehicle capacity
	Distance; Travel cost
	General
	Modified, Real-world
	First model to jointly optimize multi-period depot activation, assignment, routing, and repositioning

	(Erdem et al., 2026)
	2026
	MDVRP, split deliveries & multi-trip
	Hybrid AI
	Vehicle capacity; Split delivery; Multiple trips
	Travel cost; Time / duration
	General
	Real-world, Classical
	Learning model (LST-Former) balances travel time and route cost with strong generalization

	(Ye et al., 2026)
	2026
	Collaborative MDVRP w/ replenishment
	ALNS–ABC
	Vehicle capacity; Carbon emissions
	Travel cost; Carbon / emissions
	General
	Classical
	Dynamic destroy-repair operator selection improves inventory turnover and cross-depot response

	(Tavana et al., 2026)
	2026
	MDVRPTW, quick commerce
	MILP, bi-objective
	Vehicle capacity; Time windows
	Travel cost; Time / duration; Customer satisfaction
	Last-mile / e-commerce
	Synthetic
	First MDVRP tailored to quick-commerce with two delivery-speed tiers

	(Y. Zhang et al., 2026)
	2026
	Multi-depot weighted VRP
	Memetic algorithm
	Vehicle capacity
	Time / duration
	General
	Classical
	Outperforms state-of-the-art algorithms across all instances

	(Wu et al., 2026)
	2026
	Dynamic MDVRP, new customers
	TS-ACO
	Time windows
	Travel cost
	General
	Classical
	Combines temporal and spatial distance for node selection under dynamic demand

	(Y. Wang et al., 2026)
	2026
	Energy-aware EV-PDPTW
	Two-stage heuristic
	Vehicle capacity; Time windows; Battery / range; Split delivery
	Travel cost; Energy; Time / duration; Customer satisfaction
	General
	Modified
	Two-stage heuristic beats Gurobi and GA on 6–100-customer instances

	(Lu et al., 2026)
	2026
	MD pickup & delivery
	Graph-attention (HCMA)
	Vehicle capacity
	Distance; Travel cost
	General
	Synthetic, Classical
	Outperforms state-of-the-art heuristics and DRL baselines

	(Kantekin et al., 2026)
	2026
	MD green VRP, waste collection
	VNS
	Vehicle capacity; Maximum route duration; Depot / unloading capacity
	Distance; Carbon / emissions
	General
	Modified
	First MDGVRP allowing vehicles to start from points other than depots

	(Chau et al., 2026)
	2026
	VRP with parcel lockers
	Parallel ACO
	Vehicle capacity
	Distance; Travel cost
	Last-mile / e-commerce
	Classical
	Novel 3D pheromone matrix handles multiple delivery options per customer

	(H. Liu et al., 2026)
	2026
	MDVRP-SPDTW, express delivery
	Deep RL
	Vehicle capacity; Time windows
	Distance; Travel cost; Time / duration
	Last-mile / e-commerce
	Real-world
	First to formulate courier scheduling with relay spots as MDVRPSPDTW

	(Y. Liu et al., 2026)
	2026
	UAV–UGV cooperative delivery
	MILP + metaheuristic
	Vehicle capacity; Time windows; Drone synchronisation
	Travel cost; Time / duration; Customer satisfaction
	General
	Real-world
	MILP for station-specific multiple time windows cuts computation time

	(Movahedkor et al., 2026)
	2026
	Dynamic MD-EVRPTW
	Graph-attention RL + VNS
	Vehicle capacity; Time windows; Battery / range
	Distance; Travel cost; Time / duration
	General
	Synthetic, Real-world
	Hybrid KGATRL+AVNS achieves large distance reductions compared to the state of the art.

	(Becker et al., 2026)
	2026
	Classical MDVRP
	Granular tabu search
	Vehicle capacity; Time windows; Split delivery
	Distance; Travel cost
	General
	Classical
	Rule-based process to design granular tabu search via statistical testing

	(H. Fan et al., 2026)
	2026
	MD-EVRP with drones
	Improved GA
	Vehicle capacity; Battery / range; Charging / recharging; Drone synchronisation
	Travel cost; Energy; Time / duration
	General
	Modified
	EV-drone open strategy yields ~35.7% average delivery-cost savings

	(Erdeş & Kesen, 2026)
	2026
	Half-open MD-EVRP, stochastic waiting
	MILP + heuristic
	Vehicle capacity; Time windows; Battery / range; Charging / recharging
	Distance; Travel cost; Energy; Customer satisfaction
	General
	Modified
	First to combine half-open MD-EVRP with time-dependent stochastic waiting

	(Saberi et al., 2026)
	2026
	MD periodic capacitated arc routing
	MILP + ALNS
	Vehicle capacity; Split delivery; Multiple trips; Depot / unloading capacity
	Distance; Travel cost
	Waste collection
	Synthetic
	First arc-routing model integrating multi-depot, periodic visits, and intermediate facilities

	(Zhao et al., 2026)
	2026
	MD closed-path multiple TSP
	Clustering + neural net
	Vehicle capacity
	Distance
	General
	Classical
	First comprehensive benchmark of MDCP-MTSP on TSPLIB EUC_2D instances

	(L. Chen et al., 2019)
	2026
	MD cold-chain VRP
	Multi-agent RL
	Vehicle capacity; Time windows
	Energy; Time / duration
	Cold chain/food
	Real-world
	MARL cuts average delivery delay by ~24% vs. GA, ACO, and single-agent DQN

	(Saxena et al., 2025)
	2026
	MDVRP with traffic congestion
	GNN + refinement
	Vehicle capacity; Maximum route duration
	Distance; Travel cost
	General
	Real-world
	Integrates GNN initial routing, congestion prediction, and shortest-path repair

	(Zheng et al., 2026)
	2025
	MD multi-UAV location-routing
	Fuzzy C-means + metaheuristic
	Vehicle capacity
	Distance; Carbon / emissions; Time / duration
	Petroleum / hazmat
	Modified, Real-world
	First integrated bi-level approach linking depot location and UAV routing

	(Weng et al., 2025)
	2025
	MDVRP with drones, emergency logistics
	Clustering + heuristic
	Vehicle capacity; Time windows; Battery / range; Depot / unloading capacity; Drone synchronisation
	Travel cost; Time / duration
	General
	Classical, Real-world
	K-GSA beats Gurobi on larger instances and ACO on error

	(Mogale et al., 2025)
	2025
	MDVRP, retail freight distribution
	MILP
	Vehicle capacity; Battery / range; Drone synchronization
	Time / duration
	Disaster / healthcare
	Real-world
	Comprehensive MIP integrating heterogeneous fleet and realistic constraints

	(Y. Wang et al., 2025)
	2025
	MD-EVRP, dynamic demand & TW
	Clustering + metaheuristic
	Vehicle capacity; Split delivery; Maximum route duration
	Travel cost
	Retail / freight
	Modified, Real-world
	IMODE outperforms MOGA, MOPSO, MOEA, MOACO, MOTS on cost and vehicle count

	(Campuzano et al., 2025)
	2025
	Two-tier MDVRP, robot stations, TW
	MILP + metaheuristic
	Vehicle capacity; Time windows; Battery / range; Charging / recharging; Maximum route duration
	Travel cost; Time / duration
	General
	Synthetic
	First two-tier MDVRP with robot stations and hard time windows

	(Lim et al., 2025)
	2025
	MDVRPTW
	Stepwise monogamous pairing GA
	Vehicle capacity; Time windows
	Travel cost
	General
	Real-world, Classical
	Up to 18% travel-time and 8% vehicle savings on real-world cases

	(Jiang et al., 2025)
	2025
	MDVRP, uncertain demand
	Surrogate bi-level EA
	Vehicle capacity; Time windows
	Distance; Time / duration; Number of vehicles; Customer satisfaction
	Transit / scheduling
	Classical
	First surrogate-assisted bi-level evolutionary algorithm for MD-VRPUD

	(de Prado et al., 2025)
	2025
	MDVRP, limited depot supply
	Multi-phase heuristic
	Vehicle capacity
	Distance; Travel cost; Time / duration
	General
	Synthetic, Classical
	First multi-phase methodology for MDVRP with depot supply constraints

	(Cavecchia et al., 2025)
	2025
	MD multi-period multi-trip VRPTW
	Two-phase (ILS + MILP)
	Vehicle capacity; Split delivery; Depot / unloading capacity
	Distance; Travel cost; Time / duration
	General
	Real-world
	VNS-based heuristic gives best objective values on real pharmaceutical data

	(Mozhdehi et al., 2025)
	2025
	MDVRP, inter-depot routes
	Multi-agent DRL
	Vehicle capacity; Time windows; Multiple trips; Maximum route duration; Depot / unloading capacity
	Travel cost
	General
	Real-world
	SP-DE outperforms GA and attention model by up to 13.5% on cost

	(C. Li et al., 2025)
	2025
	MD collaborative, shared customer
	ALNS
	Vehicle capacity; Split delivery
	Travel cost; Time / duration
	General
	Modified
	First to combine shared customers, dual delivery options, and flexible transshipment

	(Wei et al., 2024)
	2025
	MD-EVRPTW
	SPBO-ACO
	Vehicle capacity; Time windows
	Travel cost; Customer satisfaction
	Last-mile / e-commerce
	Classical, Modified
	Hybrid combining ACO exploration and student-psychology-based local search

	(J. Li et al., 2024)
	2024
	MDVRP
	Multi-type attention model
	Vehicle capacity; Time windows; Battery / range; Charging / recharging
	Distance; Travel cost
	General
	Synthetic, Classical
	MD-MTA outperforms POMO, OR-Tools, HGA, VTNS, GAT-RL on synthetic and benchmark sets

	(Soares & Roboredo, 2024)
	2024
	MD open VRP
	Branch-cut-and-price
	Vehicle capacity
	Distance
	Transit / scheduling
	Classical, Synthetic
	Solves all 24 literature instances to optimality, including 8 previously unsolved

	(Dubey & Tanksale, 2024)
	2024
	MDVRPTW, split pickup/delivery
	Elitist GA
	Vehicle capacity; Time windows
	Distance; Travel cost
	Transit / scheduling
	Modified, Real-world
	First formulation of MDVRP with both split pickup and split delivery

	(Su et al., 2024)
	2024
	MD green VRP
	GA + VNS
	Vehicle capacity; Time windows; Split delivery
	Travel cost; Customer satisfaction
	Disaster / healthcare
	Modified
	LGAVNS outperforms six state-of-the-art algorithms on solution quality

	(Şahin & Yaman, 2024)
	2024
	Heterogeneous MD multi-trip VRPTW
	Branch-and-price
	Vehicle capacity; Time windows; Carbon emissions
	Travel cost; Carbon / emissions; Time / duration; Customer satisfaction
	General
	Modified
	First exact algorithm for heterogeneous-fleet MD multi-trip VRPTW

	(W. Liu et al., 2024)
	2024
	MDVRP, simultaneous P&D, time limit
	VNS with perturbation
	Vehicle capacity; Time windows; Multiple trips; Depot / unloading capacity
	Distance; Travel cost
	General
	Classical
	Perturbation-enhanced VNS beats prior state-of-the-art in quality and time

	(L. Fan, 2024)
	2024
	MD half-open TD-EVRP
	Two-stage hybrid ACO
	Vehicle capacity; Split delivery; Maximum route duration
	Distance; Travel cost
	General
	Modified, Classical
	~20 s for 100 customers, far faster than ACO and EAS with better quality

	(X. Li et al., n.d.)
	2024
	MDVRPTW
	Enhanced ACO
	Vehicle capacity; Battery / range; Charging / recharging
	Travel cost
	Petroleum / hazmat
	Classical
	Two-stage K-means + enhanced ACO beats SA, GA, PSO on 18 of 24 cases

	(Yu et al., 2024)
	2024
	MD waste collection VRPTW
	Simulated annealing
	Vehicle capacity; Time windows
	Travel cost; Time / duration
	General
	Modified, Synthetic
	1.45% average gap; finds two new best-known solutions

	(Diao et al., 2024)
	2024
	MDRP, van-based driverless vehicles
	Heuristic
	Vehicle capacity; Time windows; Battery / range; Maximum route duration
	Distance; Travel cost
	Waste collection
	Synthetic
	First formulation with van-based driverless vehicles and joint distribution modes

	(Mawengkang et al., 2024)
	2024
	MD multi-supplier VRP, relaxed TW
	GRG + neighbourhood search
	Vehicle capacity; Battery / range; Maximum route duration
	Distance; Travel cost
	General
	Real-world
	Non-linear model with relaxed time windows reduces operational cost

	(Problem, 2024)
	2024
	Dynamic MD multi-trip VRP
	Shuffled frog leaping
	Vehicle capacity; Time windows; Multiple trips; Maximum route duration
	Distance; Travel cost; Profit / fairness
	General
	Real-world
	KMOSFLA outperforms twelve comparison algorithms

	(Gauthier & Irnich, 2024)
	2024
	MDVRP
	Dynamic-radius search + ILS
	Vehicle capacity; Time windows; Maximum route duration
	Distance; Travel cost; Time / duration
	General
	Classical
	First extension of dynamic-radius search to multi-depot inter-depot moves

	(Peng et al., 2024)
	2024
	MD EV–drone collaborative
	Improved ALNS
	Vehicle capacity; Split delivery
	Distance; Travel cost
	General
	Modified
	First MD EV-drone model with time-varying travel and nonlinear charging

	(Tadaros & Kyriakakis, 2024)
	2024
	Hierarchical multi-echelon VRP
	Clustered ACO
	Vehicle capacity; Time windows; Battery / range; Charging / recharging; Drone synchronisation
	Distance; Travel cost
	General
	Synthetic
	First formulation and heuristic for HMSME-VRP with service times

	(Huang et al., 2024)
	2024
	Multi-trip VRPTW, capacitated unloading
	Branch-price-and-cut
	Vehicle capacity; Maximum route duration
	Distance; Travel cost
	General
	Modified, Synthetic
	First exact algorithm with continuous (non-discretised) unloading capacity

	(Zehtabian & Ulmer, 2025)
	2023
	Two-stage stochastic MD multi-commodity VRP
	Progressive hedging
	Vehicle capacity; Time windows; Multiple trips; Depot / unloading capacity
	Distance; Travel cost
	Waste collection
	Modified
	PHA achieves ~2.2% optimality gap and beats EVP by 2.5% expected cost

	(Jolfaei & Alinaghian, 2025)
	2023
	MDVRP, roaming delivery, hard TW
	Hybrid ELS-LNS
	Vehicle capacity; Time windows; Split delivery
	Travel cost; Time / duration; Customer satisfaction
	General
	Modified, Classical
	First MDVRP with roaming delivery locations

	(K. Zhang et al., 2023)
	2023
	MDVRP, soft time windows
	Graph-attention RL
	Vehicle capacity; Time windows; Maximum route duration
	Time / duration; Customer satisfaction
	General
	Synthetic
	GAT-RL consistently beats OR-Tools with negligible computation time

	(C.-M. Chen et al., 2023)
	2023
	Waitable time-varying MD green VRP
	Dual-layer GA
	Vehicle capacity; Time windows
	Travel cost; Time / duration
	Transit / scheduling
	Modified
	First MDVRPTW with elective waiting under time-dependent speeds

	(Xu et al., 2023)
	2023
	Energy-saving MDVRPTW, disaster relief
	Floyd-based heuristic
	Vehicle capacity; Time windows; Split delivery; Maximum route duration
	Travel cost; Customer satisfaction
	General
	Modified, Real-world
	Floyd-NL reduces complexity on sparse post-disaster networks

	(Ge et al., 2022)
	2023
	Risk-constrained MDVRP (cash-in-transit)
	Hybrid GA
	Vehicle capacity; Time windows; Battery / range
	Travel cost; Energy; Time / duration; Customer satisfaction
	Disaster / healthcare
	Classical, Real-world
	First to integrate risk constraints and real-time traffic for CIT routing

	(J. Zhang et al., 2023)
	2023
	MD heterogeneous VRP, hazmat
	Multi-objective evolutionary
	Vehicle capacity; Time windows
	Travel cost
	Transit / scheduling
	Modified
	HMOEA beats NSGA-II, SPEA2, HEA on Pareto quality and IGD

	(Kabadurmus & Erdogan, 2023)
	2023
	Green MDVRP, multi-trip
	GA with niching
	Vehicle capacity; Time windows
	Travel cost; Risk
	Petroleum / hazmat
	Synthetic, Classical
	GA substantially outperforms MILP (14–20% gaps after 12 h)

	(Khodashenas et al., 2023)
	2023
	MDVRP-SPD under uncertainty
	Fuzzy-robust metaheuristic
	Vehicle capacity; Split delivery; Multiple trips; Maximum route duration
	Travel cost; Carbon / emissions
	Transit / scheduling
	Synthetic, Real-world
	First integrated MDVRP-SPD with 3D package layout under uncertainty

	(Bezerra et al., 2023)
	2023
	MD open VRP, time windows
	Smart GVNS
	Vehicle capacity; Time windows; Depot / unloading capacity
	Distance; Travel cost; Carbon / emissions; Time / duration; Customer satisfaction
	Transit / scheduling
	Modified
	Smart GVNS effectively solves MDOVRPTW

	(Xue, 2023)
	2023
	MDVRPTW, crowdsourcing
	Clustering + adaptive ACO
	Vehicle capacity; Time windows
	Distance; Number of vehicles
	General
	Modified
	Crowdsourcing reduces total cost by ~10% vs. traditional MDVRPTW

	(Wan et al., 2023)
	2023
	MDVRP
	Hybrid ACO (BPC-HACO)
	Vehicle capacity; Time windows; Maximum route duration
	Distance; Travel cost
	General
	Classical
	Finds 14 best-known and 3 improved solutions on 23 instances

	(Kantasa-ard et al., 2023)
	2023
	MDVRP-SPD, physical internet
	SA / random local search
	Vehicle capacity; Split delivery; Maximum route duration
	Distance; Travel cost
	General
	Real-world, Synthetic
	First MDVRP-SPD in physical-internet context with open routes and sharing

	(Yu et al., 2023)
	2023
	MD two-echelon VRP, delivery options
	Fast simulated annealing
	Vehicle capacity; Time windows; Maximum route duration; Carbon emissions
	Distance; Travel cost; Carbon / emissions
	General
	Classical
	Obtains 30 of 36 best-known solutions with superior computation time

	(Arias Londoño et al., 2023)
	2023
	MD-EVRP
	Chu-Beasley genetic metaheuristic
	Vehicle capacity
	Travel cost
	General
	Synthetic
	First hybrid metaheuristic integrating exact MDVRP with charging-station siting

	(Rabbanian et al., 2023)
	2023
	MDVRP
	Transformer + RL
	Vehicle capacity; Battery / range; Charging / recharging; Maximum route duration
	Distance; Travel cost; Energy
	General
	Classical, Synthetic
	Ensemble decoding outperforms single-strategy decoding without extra time

	(Stodola & Nohel, 2023)
	2023
	MDVRP
	Adaptive ACO + node clustering
	Vehicle capacity; Split delivery
	Distance; Travel cost
	General
	Classical
	Matches or improves best-known on 18 of 23 instances with large speed-ups

	(Vieira et al., 2023)
	2023
	Heterogeneous site-dependent MD periodic VRP
	UHGS / AVNR
	Vehicle capacity; Depot / unloading capacity
	Distance; Travel cost
	General
	Classical, Synthetic
	First algorithm to solve the full HSDMDMTPVRP with all features

	(Bezerra et al., 2022)
	2023
	MDVRPTW, fleet reduction
	Smart GVNS + adaptive LS
	Vehicle capacity; Maximum route duration
	Distance; Travel cost; Time / duration
	General
	Classical
	First algorithm for hierarchical objective (minimise vehicles, then distance)

	(Shang et al., 2023)
	2023
	MD vehicle scheduling, bus routes
	Assignment + scheduling
	Vehicle capacity; Time windows
	Distance; Number of vehicles
	General
	Real-world
	First to model passenger-crowding cost in multi-depot vehicle scheduling

	(Xie et al., 2023)
	2023
	MD AGV order batching & routing
	VNS
	Vehicle capacity
	Travel cost; Time / duration; Customer satisfaction
	Waste collection
	Synthetic
	First integrated batching-and-routing model for mixed-shelves warehouses

	(Agrali & Lee, 2023)
	2023
	MD pickup & delivery, EV, transfers
	SA + LNS
	Vehicle capacity; Time windows; Split delivery; Maximum route duration
	Distance
	Warehousing
	Classical
	First to combine PDP-TW, multi-depot, capacitated EVs, and transfers

	(Y. Wang et al., 2023)
	2023
	Collaborative MD-EVRPTW, shared charging
	Clustering + MOGA-TS
	Vehicle capacity; Time windows; Battery / range; Charging / recharging
	Distance; Travel cost; Time / duration
	General
	Real-world
	First to integrate customer-service and charging-station sharing

	(Bani et al., 2023)
	2023
	MD petrol replenishment
	Branch-and-price
	Vehicle capacity; Time windows; Battery / range; Charging / recharging
	Travel cost
	General
	Real-world
	First exact branch-and-price for petrol replenishment with loading constraints

	(Dubillard et al., 2023)
	2023
	Skilled MDVRP, due dates & TW
	Ant colony system
	Vehicle capacity; Time windows; Battery / range
	Travel cost
	Petroleum / hazmat
	Synthetic
	First application of ACS to the skilled MDVRP with due dates

	(Hu et al., 2023)
	2023
	MDVRP, hazmat weight-variation risk
	Risk-based optimization
	Vehicle capacity; Time windows; Maximum route duration
	Time / duration
	Disaster / healthcare
	Classical
	First MDVRP balancing global and local risk underweight variation

	(Pu et al., 2022)
	2022
	MDVRP, carbon emissions
	Chemical reaction optimization
	Vehicle capacity; Time windows
	Risk
	Petroleum / hazmat
	Synthetic
	Improved CRO with greedy initialization reduces carbon emissions

	(Soriano et al., 2022)
	2022
	MDVRP, profit fairness
	ALNS
	Vehicle capacity; Carbon emissions
	Distance; Travel cost; Carbon / emissions
	Petroleum / hazmat
	Synthetic, Classical
	First MDVRP to integrate profit fairness as an explicit objective

	(Schmidt et al., 2023)
	2022
	Time-dependent fleet-size-mix MDVRP
	Metaheuristic
	Vehicle capacity; Maximum route duration
	Distance; Travel cost; Profit / fairness
	General
	Real-world, Classical
	First to combine time-dependent travel with fleet-size-and-mix decisions

	(Yesodha & Amudha, 2022)
	2022
	MDVRPTW
	Firefly algorithm
	Vehicle capacity
	Travel cost; Time / duration
	General
	Classical
	Improved firefly balances exploration and exploitation

	(EL Bouyahyiouy & Bellabdaoui, 2022)
	2022
	Selective full-truckload MDVRPTW
	MILP + GA
	Vehicle capacity; Time windows; Maximum route duration
	Distance
	General
	Modified
	GA substantially outperforms CPLEX on large instances

	(Nozari et al., 2022)
	2022
	MDVRP under uncertainty (COVID-19)
	Neutrosophic fuzzy programming
	Vehicle capacity; Time windows; Maximum route duration; Depot / unloading capacity
	Travel cost; Customer satisfaction; Profit / fairness
	General
	Synthetic
	First to model MD medical-goods distribution under pandemic uncertainty

	(Zou et al., 2022)
	2022
	Low-carbon MDVRP
	Transformer (attention-to-attention)
	Vehicle capacity; Time windows; Maximum route duration
	Travel cost; Carbon / emissions
	Disaster / healthcare
	Synthetic
	TAOA outperforms Kool's transformer, GA, and OR-Tools on all classes

	(Y. Wang et al., 2022)
	2022
	Collaborative MDVRP, dynamic demand & TW
	Clustering + MOPSO
	Vehicle capacity; Carbon emissions
	Travel cost; Carbon / emissions
	Petroleum / hazmat
	Modified, Real-world
	IMOPSO-DIS outperforms MOPSO, NSGA-II, MOEA on 26 instances

	(Anuar et al., 2022)
	2022
	MD dynamic VRP, stochastic road capacity
	RL rollout (ADP)
	Vehicle capacity; Time windows; Maximum route duration
	Travel cost; Number of vehicles; Customer satisfaction
	General
	Synthetic
	First MDP formulation for MDVRP with stochastic road capacity

	(Gandra et al., 2022)
	2022
	MD periodic VRP, variable visit patterns
	Late-acceptance hill climbing
	Vehicle capacity; Time windows; Split delivery
	Distance; Time / duration
	Disaster / healthcare
	Classical, Real-world
	Competitive with state of the art; −0.14% average gap vs. Vidal et al.

	(Q. Zhang et al., 2022)
	2022
	Heterogeneous MD collaborative VRP
	Benders branch-and-cut
	Vehicle capacity; Time windows; Maximum route duration
	Travel cost; Time / duration
	Petroleum / hazmat
	Synthetic
	First formal definition and MIP for heterogeneous collaborative VRP with transshipment

	(Dursun & Özger, 2022)
	2022
	MD heterogeneous fleet VRPTW (air+road)
	HGA-VNS
	Vehicle capacity; Depot / unloading capacity
	Distance; Travel cost
	General
	Real-world, Classical
	First MDHFVRPTW integrating airline and roadway fleets

	(S. Wang et al., 2022)
	2022
	MD green VRPTW
	Branch-and-price
	Vehicle capacity; Time windows; Battery / range; Maximum route duration
	Distance; Travel cost; Customer satisfaction
	General
	Modified
	Multi-depot mode cuts carbon emissions by up to 37.6% vs. single depot

	(Huang et al., 2021)
	2021
	Multi-trip VRPTW, unloading queue
	Branch-price-and-cut
	Vehicle capacity; Time windows; Carbon emissions
	Distance; Carbon / emissions
	Petroleum / hazmat
	Modified
	First to introduce unloading queue at depot in multi-trip VRPTW

	(Zabihian-Bisheh et al., 2022)
	2022
	MD green capacitated location-routing
	NSGA-III + SA
	Vehicle capacity; Time windows; Multiple trips; Depot / unloading capacity
	Travel cost
	Waste collection
	Synthetic, Real-world
	First MGCLRP integrating in-facility queuing and robust optimisation

	(Alinaghian, Jamshidian, & Tirkolaee, 2021)
	2021
	MD TD fleet-size-mix green VRP
	Improved ALNS
	Vehicle capacity; Time windows; Depot / unloading capacity
	Travel cost; Carbon / emissions; Time / duration; Customer satisfaction
	Waste collection
	Classical
	IALNS outperforms ALNS and VNS on benchmark instances

	(Y. Wang, Li, Guan, Fan, et al., 2021)
	2021
	Collaborative MD P&D, split loads
	Clustering + HGA-TS
	Vehicle capacity; Carbon emissions
	Travel cost; Carbon / emissions
	Petroleum / hazmat
	Real-world, Classical
	Clustering and demand splitting simplify large collaborative networks

	(Alinaghian, Jamshidian, Tirkolaee, et al., 2021)
	2021
	MD green VRP
	GVNS + tabu search
	Vehicle capacity; Time windows; Split delivery
	Travel cost
	General
	Modified
	First MILP formulation for the multi-depot green VRP

	(Sadati et al., 2021)
	2021
	Class of MDVRP (MDVRP/TW/open)
	Variable tabu neighbourhood search
	Vehicle capacity; Battery / range; Charging / recharging; Maximum route duration
	Distance
	Petroleum / hazmat
	Classical
	First algorithm to solve three MDVRP variants in one framework

	(Hou et al., 2021)
	2021
	Time-dependent MD heterogeneous VRP
	HGA-VNS
	Vehicle capacity; Time windows; Maximum route duration
	Distance; Travel cost
	General
	Modified
	First TD-MDGVRPTW with smooth (trigonometric) time-dependent speed

	(Y. Wang, Li, Guan, Xu, et al., 2021)
	2021
	Two-echelon collaborative MD multi-period VRP
	Clustering + IR-NSGA-III
	Vehicle capacity; Time windows
	Travel cost; Time / duration; Customer satisfaction
	Petroleum / hazmat
	Real-world
	First to address collaboration across periods in two-echelon MD routing

	(Nucamendi-Guillén et al., 2021)
	2021
	MD open location-routing, heterogeneous fleet
	MILP + multistart metaheuristic
	Vehicle capacity; Time windows
	Travel cost; Time / duration; Number of vehicles; Customer satisfaction
	General
	Real-world, Modified
	First MD-OLRP with heterogeneous fixed fleet and open routes

	(Phonin & Likasiri, 2021)
	2021
	Capacitated MDVRP, backhaul/linehaul
	3-phase heuristic
	Vehicle capacity
	Distance; Travel cost
	General
	Classical, Synthetic
	3-phase heuristic beats five recent algorithms on benchmark instances

	(C. Wang et al., 2021)
	2021
	MD EV scheduling
	Column generation + GA
	Vehicle capacity; Depot / unloading capacity
	Distance; Travel cost
	Cold chain / food
	Real-world
	First GA-CG approach for MD electric-vehicle scheduling in transit





