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ABSTRACT

State-of-the-art information and communication technologies (ICTs), such as augmented reality (AR), have been
increasingly adopted in express delivery. However, their environmental and economic impacts remain under-
examined. We pioneer to assess the environmental and economic performances of applying AR in a parcel dis-
tribution center for express delivery, using a perspective life cycle assessment (LCA) approach and a traditional
life cycle costing (LCC) method. On the basis of our field investigation and literature analysis, three scenarios,
namely Baseline Scenario, AR Scenario, and AR+ Scenario, are developed consistent with current and potential AR
applications in parcel delivery. Our findings indicate that AR and AR+ Scenarios are more environmentally
sustainable than Baseline Scenario, exhibiting a decrease in global warming potential (GWP) by 13.44 % and
13.06 %, respectively. With the introduction of AR, the values of most selected impact categories show notable
declines, except for human toxicity potential and marine ecotoxicity potential. The total endpoint scores
decreased by 13.39 % and 12.86 % in the AR Scenario and AR+ Scenario, respectively. Moreover, the AR Scenario
and AR+ Scenario are economically advantageous, demonstrating cost reductions of 38.59 % and 49.31 %,
respectively, compared with the Baseline Scenario. Most substantial benefits associated with AR occur in the
picking & sorting process, exhibiting improved accuracy and efficiency. Our sensitivity analysis underscores the
substantial benefit associated with applying AR in routing improvement; 1 % routing improvement leads to a
reduction of 0.27 kg CO2-Eq. Moreover, the sensitivity analysis also shows that labor cost is the most influential
factor in the overall economic performance; its 1 % fluctuation leads to a change of 1.37 USD in the total cost.
Our uncertainty analysis suggests that using more advanced processing units in AR devices leads to superior
economic performance, but at greater environmental costs due to increased metallic contents. Based on these
assessments, we provide managerial and theoretical implications on adopting smart ICTs in logistics.

1. Introduction

Express delivery is one fastest-growing sector of the modern logistics

(2021), the total greenhouse gas (GHG) emissions from global parcel-
delivery service would be 51.08 billion kg CO»-Eq in 2023. In this
respect, the sustainable development of the fast-expanding express de-
livery requires more attention.

Smart information and communication technologies (ICTs), such as

industry. According to the Universal Postal Union (European Commis-
sion et al., 2022; Universal Postal Union (UPU) and Lukasz Piotrowski,
2023) and the 5th International Express Delivery Conference in 2023
(HZ GOV, 2023; Yahoo Finance, 2023), 189.2 billion parcels have been
delivered in 2022 globally, achieving a compound annual growth rate
over 10 % during the two past decades. Such a rapid growth also brings
heavy environmental burdens; according to the estimation of Kang et al.

augmented reality (AR), virtual reality (VR), mixed reality (MR), and
automated guided vehicles (AGV) have been adopted in express delivery
to cope its swift growth (DHL, 2015, 2018, 2019; Niewiadomski, 2019;
Ding et al., 2020; Amazon, 2023; Cainiao, 2021; FedEx, 2023). These
emerging technologies are more capable to deal with the ever-increasing
volumes of express delivery parcels than conventional processes and
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