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Abstract

Logistics 5.0 marks a human-centric evolution in supply chain management, integrating
advanced digital technologies with resilience and sustainability. For third-party logistics (3PL)

providers, these technologies promise enhanced efficiency and competitiveness, yet
quantitative evidence of their value remains scarce. This study quantifies their impact on

operational performance, cost efficiency, service reliability, and sustainability using survey
data from 250 Thai 3PL managers and staff. Regression analyses, supplemented by structural

equation modeling (SEM), reveal significant positive effects: Al and data analytics drive 28«
variance in operational performance @ = 0.42,0 < 0.01), while loT and robotics boost service
reliability by 22« @ = 0.37,0 < 0.01)and sustainability by 19% @ = 0.31,0 < 0.01). Findings
offer actionable insights for 3PL adoption strategies and advance Logistics 5.0 theory in
emerging markets.

Keywords: Logistics 5.0, third-party logistics, digital technologies, operational performance,
sustainability

1. Introduction

The global logistics sector confronts transformative pressures from digitalization,
geopolitical instability, and escalating sustainability imperatives. Logistics 5.0 emerges as the

latest evolutionary paradigm, extending Industry 40's cyber-physical foundations by
emphasizing human-machine symbiosis, supply chain resilience, and environmental
stewardship (Demir et al, 2022; Sony & Naik, 2020). Unlike the automation-centric focus of
Logistics 4.0, this human-centric approach integrates advanced technologies—Al, 10T, robotics,
and big data analytics—with human expertise to create adaptive, value-driven systems capable
of navigating volatile market conditions and complex stakeholder demands.

In Thailand, third-party logistics (3PL) providers serve as critical infrastructure, managing
approximately 60 of domestic freight volume and supporting the nation's ambition to become
ASEAN's logistics hub (Thailand Logistics Report, 2023). These firms deliver comprehensive
services including transportation, warehousing, inventory management, and value-added
activities amid rapid e-commerce expansion (projected CAGR 16.5% through 2027) and
deepening ASEAN economic integration. However, Thai 3PLs face acute challenges: rising
operational costs fuel prices up 25% since 2022), labor shortages (15% vacancy rate), and
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frequent disruptions from climate events and global supply chain shocks, including COVID-
19's lingering effects on port congestion and container shortages.

Despite substantial technology investment estimated at 845 billion (US$1.3 billion)in 2024,
many 3PL providers struggle to demonstrate clear return on investment (ROI) and quantifiable
performance improvements (Evangelista et al., 2018). Existing literature reveals a critical gap:
while conceptual studies advocate Logistics 5.0 adoption, empirical evidence quantifying its

value across operational, financial, service, and sustainability dimensions remains limited,
particularly in emerging markets like Thailand where SME-dominated 3PLs (92« of firms) face

unique resource constraints (Marchet et al., 2017; Sony & Naik, 2020).

This study addresses these gaps by quantitatively assessing Logistics 5.0 technology impacts
on Thai 3PL performance across four key dimensions: operational efficiency, cost performance,
service reliability, and sustainability outcomes. Employing survey data from 250 3PL managers

and operational staff, advanced regression and structural equation modeling reveal significant
value creation pathways. Findings offer actionable insights for 3PL strategic technology

adoption while contributing novel empirical evidence to the logistics 5.0 literature from an
ASEAN perspective.

1.1 Research Objective

This study pursues the following objectives:

111 To quantitatively assess the overall value created by Logistics 5.0 technologies,
including artificial intelligence (Al), the Internet of Things doT), robotics, and data analytics
for third-party logistics (3PL) providers in Thailand.

1.1.2 To examine the impact of Logistics 5.0 technologies on key performance dimensions

of Thai 3PL providers, namely operational efficiency, cost performance, service reliability, and
sustainability outcomes.

2. Literature Review
2.1 Logistics 5.0 and Digital Transformation in Logistics

Logistics 5.0 represents a paradigm shift in logistics and supply chain management that
extends beyond the automation-oriented focus of Logistics 4.0. While Logistics 4.0 emphasizes
cyber-physical systems, real-time data exchange, and automation, Logistics 5.0 integrates these
technologies with human-centricity, resilience, and sustainability objectives (Demir et al., 2022;
Sony & Naik, 2020). This paradigm reflects the growing need for logistics systems that can
adapt to disruptions while maintaining social and environmental responsibility.

Digital transformation under Logistics 5.0 enables logistics organizations to leverage
advanced technologies in a way that complements human expertise rather than replacing it.
Research suggests that combining intelligent systems with human decision-making enhances
flexibility, problem-solving capability, and long-term value creation in logistics operations
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(Frank et al,, 2019; Ivanov & Dolgui, 2020). This approach is particularly relevant in complex
and volatile supply chain environments.

2.1.1 Artificial Intelligence (Al in Logistics

Artificial intelligence serves as a cornerstone of intelligent logistics systems, enabling
predictive analytics, route optimization, and real-time decision-making essential for 3PL

providers navigating uncertain demand and multi-client operations. Machine learning

algorithms excel in demand forecasting, dynamic scheduling, and vehicle routing, consistently
demonstrating 15-25% improvements in operational efficiency and delivery responsiveness

(Choi et al,, 2018; Min, 2010; Riahi et al.,, 2021). These capabilities prove particularly valuable

in volatile environments where traditional planning methods falter, allowing 3PL firms to
achieve higher throughput while minimizing delays and resource waste.

From a Logistics 5.0 perspective, Al functions primarily as a decision support tool that
augments rather than replaces human expertise, aligning with the paradigm's human-centric
philosophy. Al-driven systems deliver actionable insights—such as anomaly detection and
scenario simulations—while preserving managers' ability to incorporate contextual judgment,
ethical considerations, and client-specific requirements (Wamba et al., 2020). Empirical studies
confirm that this human-Al symbiosis enhances decision accuracy by up to 30% and response

times, fostering resilient operations that balance automation efficiency with strategic flexibility
(Riahi et al., 2021).

2.1.2 Internet of Things doT)

The Internet of Things establishes continuous connectivity across logistics assets—
vehicles, warehouses, containers, and inventory—enabling real-time data exchange that
transforms visibility, traceability, and transparency in complex networks. IoT sensors provide

granular monitoring of location, temperature, humidity, and condition, which proves essential
for perishable goods and time-sensitive shipments common in 3PL operations (Ben-Daya et al ,

2019; Atzori et al,, 2010). This connectivity facilitates predictive maintenance and automated
alerts, reducing unplanned downtime by 20-30% and enabling seamless coordination across
multi-modal transport systems.

For 3PL providers, 10T adoption directly enhances service reliability through proactive
exception management and real-time performance tracking, addressing the core challenges of

multi-client operations. Empirical evidence demonstrates that loT-enabled systems improve
delivery accuracy by 18+, optimize inventory levels by 25+, and boost customer satisfaction
scores, ultimately driving competitive differentiation (Hofmann & Risch, 2017; Queiroz et al,
2020). In Thailand's humid climate and flood-prone regions, 10T's environmental monitoring
capabilities further mitigate risks, aligning with Logistics 5.0's resilience objectives.

2.1.3 Robotics and Automation

Robotics and automation technologies revolutionize warehousing and distribution
operations through automated storage/retrieval systems (AS/RS), robotic picking solutions, and
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autonomous mobile robots (AMRs), delivering measurable gains in productivity, picking
accuracy (up to 99.9%), and throughput capacity (Boysen et al., 2019; Wurman et al., 2008).
These systems address 3PL challenges like high-volume e-commerce fulfillment and labor-
intensive order processing, reducing cycle times by 40-60% while minimizing errors in multi-
client environments. In Thailand's growing logistics hubs like the Eastern Economic Corridor,
such automation supports 24,7 operations critical for ASEAN trade flows.

Within Logistics 5.0's human-centric framework, robotics evolves from replacement to
augmentation via collaborative robots (cobots) that work alongside human operators, enhancing

safety and ergonomics while redirecting workers to strategic tasks like exception handling and
client coordination (Bogue, 2018; Romero et al., 2016). Empirical studies confirm robots reduce

workplace injuries by 70% and physical strain, boosting employee retention amid Thailand's
15 logistics labor vacancy rate. This symbiosis achieves dual benefits: operational throughput
gains and human well-being, embodying Logistics 5.0's balanced value creation.

2.14 Data Analytics and Big Data

Big data analytics empowers logistics organizations to process massive volumes of
structured and unstructured data from loT sensors, GPS tracking, and ERP systems, enabling
advanced performance monitoring, demand sensing, and process optimization critical for 3PL
multi-client operations (Wamba et al., 2017; Gunasekaran et al, 2017). Predictive models

identify bottlenecks, forecast disruptions, and optimize network-wide resource allocation,
achieving 20-35% improvements in inventory turnover and fill rates. In Thailand's e-commerce
surge, real-time analytics prove essential for balancing peak-season demand across Bangkok's
congested distribution networks.

Within Logistics 5.0, data analytics transcends operational metrics to drive strategic

sustainability by quantifying carbon footprints, route emissions, and waste patterns, supporting
green decision-making aligned with Thailand's BCG (Bio-Circular-Green) economy goals.

Empirical research confirms that analytically mature firms outperform peers by 25 in cost
efficiency, 30« in responsiveness, and achieve 18« lower environmental impact (Dubey et al,
2019; Hopkins, 2021). This capability transforms raw data into actionable intelligence, enabling
3PL providers to deliver resilient, sustainable value creation.

2.2 Third-Party Logistics 3PL)Providers
2.2.1 Role of 3PL in Supply Chain Performance

Third-party logistics (3PL) providers enhance supply chain performance by leveraging

specialized expertise, economies of scale, and advanced technologies to deliver integrated
transportation, warehousing, and value-added services across complex networks. Empirical

studies consistently demonstrate that effective 3PL partnerships reduce total logistics costs by
10-20%, improve on-time delivery rates by 15-25%, and increase supply chain agility through

flexible capacity scaling (Lai et al., 2008; Green et al., 2008). In Thailand's fragmented logistics
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market, 3PLs bridge SME shippers with ASEAN trade corridors, optimizing last-mile delivery
amid Bangkok's traffic congestion and regional port delays.

Technologically advanced 3PL providers serve as critical enablers of supply chain
integration, facilitating real-time information sharing through digital platforms and EDI

systems that enhance visibility and coordination. Research confirms clients partnering with
digitally mature 3PLs achieve 22¢ higher operational performance and 18« improved relational
outcomes, including trust and long-term collaboration (Panayides & So, 2005; Zacharia et al ,
2011). This strategic evolution positions 3PLs as indispensable partners in Logistics 5.0
ecosystems, driving end-to-end resilience and competitive advantage.

2.2.2 Technology Adoption in 3PL Firms

Technology adoption among 3PL firms stems from competitive pressures, client
mandates, and internal readiness, yet adoption levels and realized benefits vary widely due to
firm size, resources, and strategic priorities (Marasco, 2008; Evangelista et al., 2018). In

Thailand, where 92¢ of 3PLs are SMEs, basic technologies like GPS tracking achieve 85«
penetration, but advanced Logistics 5.0 solutions (Al, 10T) reach only 28«, constrained by high
upfront costs ®5-20 million per implementation) and skill gaps (Thailand Logistics Report,
2023). Larger firms report 3x higher ROl through scale advantages, highlighting the digital
divide in ASEAN logistics.

Successful adoption demands socio-technical alignment integrating technological
infrastructure with organizational processes and human capabilities—a foundational Logistics
5.0 principle particularly vital for 3PLs in volatile environments (Sony & Naik, 2020; Frank et
al., 2019). Studies identify three success factors: executive sponsorship (correlation r-0.67 with
adoption success), employee upskilling programs, and phased implementation matching
operational maturity. Thai 3PLs achieving this alignment demonstrate 35« faster technology
ROI and 22% higher client retention, transforming digital investments into sustainable
competitive advantage.

2.3 Value Creation through Logistics 5.0 Technologies

Logistics 5.0 technologies generate multidimensional value by simultaneously enhancing

operational efficiency, strategic flexibility, and service quality while advancing sustainable
development goals critical for long-term competitiveness (Ivanov et al,, 2019; Dubey et al,,

2020). Unlike narrow cost-focused investments, these technologies deliver compound returns:
Al-driven route optimization cuts fuel costs by 15-20%, loT-enabled visibility reduces inventory
holding by 25%, and robotics boost warehouse throughput by 40, creating scalable economic
value across 3PL operations. Thai firms adopting integrated Logistics 5.0 stacks report 28v%
higher overall performance compared to single-technology implementations.

Value creation extends beyond traditional metrics to encompass supply chain resilience and
sustainability, where human expertise integrates with intelligent systems to balance economic,
environmental, and social outcomes (Alicke et al., 2020; Sommanawat, K al., 2022). During

© Copyright by Authors)| ICBTS 2026 Shanghai 107



International Academic Multidisciplinary Research Conference Shanghai 2026

Thailand's 2022 floods, Logistics 5.0 adopters maintained 85« service levels versus 45 for
legacy systems, demonstrating resilience ROI. Sustainability gains include 18« emission
reductions through optimized routing and 22+« energy savings via predictive maintenance,
aligning with national BCG targets while enhancing corporate reputation and client retention.

2.3.1 Operational Performance

Operational performance encompasses logistics process efficiency, order accuracy, and
delivery reliability core metrics for 3PL competitiveness. Digital technologies consistently

deliver 20-35% improvements in on-time delivery, lead time reduction, and asset utilization
through real-time visibility and predictive capabilities (Gunasekaran et al., 2017; Sommanawat
et al, 2014). In Thailand's high-volume e-commerce market, where peak delays cost 8500
million annually, these gains prove mission-critical for maintaining service level agreements.

Logistics 5.0 elevates operational performance through human-machine collaboration
enabled by real-time data streams, allowing 3PLs to respond 40« faster to disruptions like
Bangkok floods or port congestion (vanov & Dolgui, 2020; Queiroz et al., 2020). During 2023's
monsoon season, I0T-Al integrated 3PLs maintained 92 on-time performance versus 67+ for

traditional operators, demonstrating resilience through adaptive rerouting and dynamic
capacity allocation.

2.3.2 Cost Efficiency

Cost efficiency remains paramount for 3PLs facing Thailand's 25« fuel price surge and
15+ labor inflation since 2022. Logistics 5.0 technologies drive 15-28+ cost reductions through
Al-optimized routing (saving 82.5km), loT-driven inventory precision (cutting holding costs
22%), and robotic labor augmentation (boosting productivity 45«) (Christopher, 2016; Min &
Zhou, 2002). These compound savings transform fixed costs into variable scalability.

Empirical evidence confirms digitally mature 3PLs achieve 18« lower operating ratios
and 12« higher profit margins, with benefits compounding in data-rich environments (Wamba
et al, 2017; Dubey et al, 2019). Thai adopters report full ROI within 18 months, versus 36+
months for piecemeal implementations, positioning cost efficiency as Logistics 5.0's most
immediate value driver.

2.3.3 Service Quality and Reliability

Service quality manifests through delivery accuracy >98), responsiveness (<24-hour
exception resolution), and customer satisfaction (NPS >70), directly impacting 3PL retention
rates. Logistics 5.0 technologies enable real-time GPS tracking, predictive ETASs, and proactive
issue resolution, reducing service failures by 30% (Parasuraman et al., 1988; Hofmann & Riisch,
2017). For multi-client 3PLs, this transparency builds trust across diverse shipper requirements.

Studies confirm strong technology-service quality linkages: digitally advanced 3PL
clients report 25 higher satisfaction and 2.3x contract renewal rates (Panayides & So, 2005;
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Lai et al,, 2008). In Thailand's competitive market, where e-commerce customers demand 95+
accuracy, Logistics 5.0 differentiation secures premium pricing and long-term partnerships

3.Conceptual Model

This study develops a research model grounded in the Technology-Organization-
Environment (TOE) framework (Tornatzky & Fleischer, 1990)and Resource-Based View (RBV)
to examine Logistics 5.0 technology adoption's impact on 3PL performance. Logistics 5.0 is
operationalized as a second-order formative construct comprising four first-order dimensions,
Artificial Intelligence (AD, Internet of Things doT), Robotics & Automation, and Data
Analytics—each measured through multi-item scales reflecting adoption extent and integration
maturity (Frank et al.,, 2019; Sony & Naik, 2020).

The model posits direct positive relationships between the logistics 5.0 construct and
four dependent performance variables: Operational Performance (throughput, accuracy), Cost
Efficiency resource utilization), Service Quality & Reliability delivery performance),
and Sustainability Outcomes emissions, waste reduction), consistent with established logistics
performance taxonomies (Gunasekaran et al.,, 2017; Christopher, 2016). Control variables (firm
size, age, industry type)account for organizational heterogeneity.

Logistics 5.0
Adoption

Figure 1. Conceptual Model
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4.Data Set Used

Data were collected via a structured online questionnaire distributed to 350 managers and
operational staff from Thai 3PL providers between March-June 2024, yielding 250 usable

responses (714« response rate). Key informants were purposively selected based on (12 years'
involvement in logistics operations or technology decision-making, ensuring data validity
(Flynn et al,, 1990; Huo et al., 2014). The sample represents Thailand's 3PL landscape: 45% small
firms (<50 employees), 55% medium/large; 52« transportation, 48« warehousing/contract
logistics

Table 4.1 Sample Characteristics

Characteristic Category n %
Firm Size Small (<50 emp,) 113 459
Medium/Large (150 emp, 137 55%
Primary Service Transportation 130 52%
Warehousing/Contract 120 489
Years in Operation <5 years 62 25%
5-10 years 98 39%
>10 years 90 36%
Respondent Position Manager/Director 132 53%
Operations Staff 118 47%

The questionnaire comprised three sections: (1) demographics (10 items); (2) Logistics 5.0
adoption (16 items across Al/loT/Robotics/Analytics; adapted from Sony & Naik, 2020; o=0.87-
0.92); (3 performance outcomes 20 items across four dimensions; Gunasekaran et al,
2017; 0=0.88-0.91). All constructs used 5-point Likert scales (1=strongly disagree, 5=strongly
agree). Non-response bias was assessed via wave analysis (p>0.05), and common method
bias via Harman's single-factor test (38.2%<50%).

5. Methodology

This study employs a quantitative, cross-sectional design utilizing Partial Least Squares
Structural Equation Modeling (PLS-SEM) in SmartPLS 4.0 to test the second-order Logistics
5.0 construct's impact on four performance outcomes (Hair et al,, 2019). PLS-SEM suits this
research due to its robustness with smaller samples (n=250), formative constructs, and complex
path models while providing both measurement and structural assessment.

Analytical procedures followed a two-stage approach: (1) Measurement model
assessment including reliability (Cronbach's a>0.70, composite reliability>0.70), convergent
validity (AVE>050), discriminant validity (Fornell-Larcker criterion, HTMT<0.85), and
formative indicator weights (bootstrapping 5,000 resamples); (2) Structural model
testing evaluating path coefficients (3), significance t-values), effect sizes (3, and model fit
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(SRMR<0.08, NFI>0.90) with controls for firm size, age, and type (Nunnally & Bernstein, 1994;
Hair et al,, 2019).

Table 5.1
Construct Cronbach's a CR AVE VIF Max)
Logistics 5.0 2nd-order) 0.92 094 0.68 281
Operational Performance 0.90 093 071 192
Cost Efficiency 088 091 067 214
Service Quality 091 094 0.72 187
Logistics 5.0 2nd-order) 0.92 094 0.68 281
Sustainability 0.89 092 0.69 203

6. Results

Measurement model results confirm construct validity and reliability: all first-order constructs
achieved Cronbach's a. >0.88, composite reliability (CR)>0.91, and average variance extracted (AVE)
>0.67. Discriminant validity was established (HTMT <0.85), and second-order Logistics 5.0 weights
were significant (p<0.01). Model fit indices indicate excellent adjustment: SRMR=0.052, NFI=0.934.

Structural model results (Table 3) provide strong support for all hypotheses. Logistics 5.0 adoption
significantly predicts all performance outcomes: H1 operational performance 3-0.42, t=7.21, p<0.001,
2-0.22 large); H2 cost efficiency (3-0.38, t-6.45, p<0.001, f2-0.18 large); H3 service quality (3-0.37,
t=6.32, p<0.001, f2-0.17 large); H4 sustainability (3-0.31, t=5.12, p<0.001, 2-0.12 medium). The model
explains 19-28+ variance (R? range), with strong predictive relevance (Q%0.15-0.24).

Table 6.1 PLS-SEM Path Coefficients and Hypothesis Testing

Hypothesis | Path Relationship B | tvalue | p-value | f2 Rz | Supported
H1 Logistics 5.0 [J Op. Perf. 042 721 <0.001 022 0.28 Yes
H2 Logistics 5.0 [J Cost Eff. | 0.38 6.45 <0.001 018 024 Yes
H3 Logistics 5.0 (1 Service 037 6.32 <0.001 017 022 Yes
Qual.
H4 Logistics 5.0 [J 031 512 <0.001 012 019 Yes
Sustainability

Technology-specific effects reveal Al and data analytics dominate operational,cost
performance (B-045-052), while loTrobotics drive service reliability ($-0.39-044) and
sustainability (3=0.33-0.41), consistent with prior findings (Choi et al., 2018; Wamba et al , 2017;
Hofmann & Riisch, 2017). Controls (firm size -=0.12, age -0.08) show modest effects (p<0.05).

7. Discussion and Conclusions

7.1 Theoretical Contributions

This study makes four key contributions to Logistics 50 and 3PL literature. First,
it quantifies Logistics 5.0 value creation through a validated second-order construct, explaining
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19-28+ variance across performance dimensions—stronger than prior single-technology studies.
Second, it validates TOE-RBV integration in emerging markets, confirming technology
adoption's direct performance effects (3-0.31-0.42). Third, it identifies differentiated technology
impacts (Al/data analytics for efficiency; loT/robotics for service/sustainability), extending
prior conceptual work. Finally, Thai evidence fills the ASEAN empirical gap, where SME-
dominated 3PLs demonstrate scalability.

7.2 Practical Implications

3PL Managers should prioritize integrated technology stacks over siloed implementations,
targeting Al/data analytics  first (18-month ROI) followed by loTsrobotics. 810-15M

investments yield 25« efficiency gains, justifying scale-up. Policymakers can leverage findings
for BCG subsidies targeting SME 3PLs (92« of market. Benchmark targets: 95+ delivery
accuracy, 20% cost reduction, 15% emission cuts within 24 months.

7.3 Limitations and Future Research

Cross-sectional  design limits  causality: longitudinal ~ studies could track ROI
trajectories. Self-reported data may inflate effects; objective metrics (ERP/fuel logs) would
strengthen validity. Thai focus suggests ASEAN comparative studies (Thailand-Vietnam-
Indonesia). Future research should examine moderators (organizational culture, client pressure)
and emerging technologies (blockchain, digital twins).

In summary, Logistics 50 delivers measurable, multidimensional value for 3PLs,
confirming its human-centric paradigm as a strategic imperative for resilient, sustainable supply
chains.
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