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Most people know what it feels like to wait for an online delivery. 
After making a purchase, there is a tendency to incessantly 
refresh the tracking page, virtually following the item from 
the warehouse to the sorting centre to the doorstep. The 
anticipation linked to watching a package make its last-mile trek 
is an itch only an unboxing can scratch.

The surge in e-commerce volumes has put huge pressure on 
the last-mile delivery system, the process by which products 
are transported from distribution centres to final consumers. 
E-commerce sales worldwide grew six-fold in a decade, from 
$572 billion in 2010 to some $3.5 trillion at the end of 2019.1 
The COVID-19 pandemic has only has accelerated this trend, 
as more people demand contactless forms of shopping. Take 
e-commerce penetration in the US as an example: 10 years’ 
worth of growth took place within three months when the 
pandemic broke out.2

As people continue to expect ever swifter delivery times, last-mile 
delivery systems are becoming a bottleneck. Logistics providers 
are struggling to deal with increasing volumes of goods, resulting 
in slower delivery times, less flexibility in delivery time slots, and 
higher delivery costs for customers. Furthermore, as delivery 
traffic steadily rises, the negative effects on the environment will 
likely grow unless actions are taken to mitigate them.

In response, the World Economic Forum and McKinsey have 
been researching ways to reform last-mile delivery for efficiency 
and sustainability, using Japan as a country to model simulated 
projections. Japan was chosen because the country is at the 
forefront of having to grapple with societal challenges such 
as a labour shortages due to population decline and a hyper-
ageing society – something many developed countries will face 
in the future – exacerbating pressure on last-mile deliveries. 
Better technologies and efficiency levers are needed to operate 
last-mile deliveries in Japan’s collage of regions with different 
population densities. Understanding these issues – including at 
the policy and structural levels – and how they differ in urban 
and non-urban regions could be instructive for other countries. 

This paper projects the implications resulting from the 
continuing rise of last-mile deliveries in urban and suburban 
areas. By studying the effectiveness of various interventions 
currently employed to mitigate the negative consequences 
of rising costs and carbon dioxide emissions, the study finds 

that delivery robots – small, personal delivery devices that can 
transport packages weighing 100 kg or less at a maximum 
speed of 5 km/h or less3 – may be the best bet to reduce 
carbon emissions and costs, while coping with issues like 
labour shortages. 

But more needs to be done to pave their way. Delivery robots 
could feature more prominently in last-mile deliveries, with 
three stages that could serve as entry points for logistics 
companies to scale smart interventions to optimize last-mile 
deliveries: joint delivery systems, including networking sorting 
centres, at the regional level; parking space management at the 
neighbourhood level; and the governance of robot operations 
on pedestrian walkways as the goods move from truck to door.

The implications of increasing 
pressure on Japan’s last-mile 
delivery system
More last-mile deliveries means a larger carbon footprint 

The World Economic Forum’s Future of the Last-Mile 
Ecosystem report4 forecasts trends in global e-commerce-
related indicators. This paper leverages the model in Japan to 
glean city-specific insights, factoring in local conditions such 
as demography and purchasing behaviours. The Forum’s 
report forecasts that e-commerce distribution volumes in 
central Tokyo’s 23 wards will rise by 85% by 2030, which will 
require a 71% increase in delivery vehicles to travel 25% more 
in distance. In addition to placing greater strain on logistics 
operations, the rise in e-commerce would also lead to a 20% 
increase in carbon dioxide emissions.

In suburban areas, the volume of last-mile traffic will also rise, 
but by 10% less than in Tokyo. Delivery fleets will need to be 
expanded by 51%, 20% less than in Tokyo. However, the 
lower population density in suburban areas means that delivery 
vehicles will have to cover greater distances, emitting relatively 
higher levels of carbon dioxide despite smaller delivery fleets. 
These differences between urban and suburban areas mean 
that different forms of intervention would achieve different levels 
of effectiveness based on geography. 



Depending on the level of urbanization, some forms of 
intervention work better than others 

A number of interventions can be employed to cope with 
increasing demand for online deliveries. Figure 1 presents a 
non-exhaustive list of feasible initiatives from the Forum report, 
taking Japan’s context into consideration, including regulations 
and the current deployment status of these interventions, along 
with the expected impact on carbon dioxide emissions and 
delivery costs in urban and suburban areas. These initiatives 
were identified through discussions with experts to determine 
their applicability in Japan. 

Electric vehicles and hydrogen to fuel cell electric vehicles 
(H2FCEVs) are likely to substantially lower CO2 emissions. When 
it comes to delivery costs, parcel lockers and delivery robots 
may lead to modest cost reductions. 

In suburban areas, parcel lockers, the use of micro-hubs, and 
the retrofitting of parking-based infrastructure will likely lead 
to some cost savings. This is because the population in the 
suburbs is sparse and interventions that consolidate density 
(such as hubs) help to reduce the costs involved in distribution 
across a wide geographical area. 

F I G U R E  1   Impact of electrification and delivery robots on CO2 emissions

Based on McKinsey’s economics simulation
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Note: Adaption scenario for the initiatives are estimated based on the best possible knowledge in 2021
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Based on maturity levels, delivery robots offer a promising 
space to explore

One way last-mile delivery stakeholders can prioritize initiatives 
is by exploring the potential of developing technologies. 
Analysis of the maturity levels of each initiative has identified that 
increasing the use of delivery robots may generate significant 
positive environmental and efficiency impacts. Although it 
is necessary to have a number of delivery robots in place, 
they could help companies solve labour shortage and low 
productivity issues. This is especially relevant in Japan, where 
transportation sector’s productivity level is 40% below the 
industry average5, and the transportation sector faced a labour 
shortfall 140,000 people in 2020. By 2030, this shortfall is 
expected to grow to 278,000 people.6 

The Japanese Government will allow the use of delivery robots 
on roads as of 2021 according to media reports,7 but policy 
issues such as the standardization of vehicles and operating 
rules to prevent harms such as additional congestion due to  
the low speed of the vehicles need to be worked out, not  
to mention infrastructure concerns such as the need for 
 bigger kerbside parking spaces for trucks to stop for delivery 
robot deployment. 

Other interventions, such as electric vehicles (EVs), H2FCEVs, 
and parcel lockers will likely continue to generate cost savings 
and reduce carbon dioxide emissions, but they have already 
reached widespread consensus from a policy perspective. As 
such, discussions on governance systems for delivery robots 
are likely to have a greater impact in relative terms and should 
be explored further. 



Key enablers for the use of delivery 
robots for last-mile delivery 

The successful implementation of delivery robots in last-
mile delivery requires the reimagining of the entire last-
mile ecosystem. Consensus building among private 
sector and public sector stakeholders from the regional 
level to the street level is critical to this transformation. 
Various issues in three different stages of last-mile delivery 
need to be addressed. While some of these issues may 
not be directly connected to delivery robots, they are 
nonetheless foundational to creating an effective ecosystem 
that will allow for their widespread deployment.  

1. At the regional level: Joint delivery systems, 
including networking sorting centres

To cope with the increasing volume of goods, it is necessary 
to optimize individual sorting centres and to improve the 
efficiency of the overall regional network, which could mean 
building data collection and sharing systems for network 
optimization, and creating practical guidelines for joint delivery 
operations. Different logistics companies could find consensus 
on a number of fronts, such as standardizing physical bases 
by identifying the optimal locations for shared sorting centres 
and homogenizing container requirements; building shared 
databases by agreeing on types of shared data (and how to 
share it) and designing new business models and incentives; 
and establishing the practical guidelines for joint operation 
by developing common rules and vehicle operations required for 
joint delivery and clarifying roles and responsibilities.

2. At the neighbourhood level: Parking space management

Assuming that trucks transport delivery robots to delivery 
areas, they would have to park for longer periods, which 
can exacerbate congestion and traffic jams. To increase the 
flexibility and efficiency of delivery operations, stakeholders 
need to: map out potential parking spaces; create 
a reservation system that manages parking space 
supply and demand options, including solving legal 
issues surrounding flexible kerbside operations as they 
are traditionally not regarded as usable parking spaces; 
and city-wide road management coordination.

Dynamic pricing may also be a tool to optimize parking. This 
would reduce management costs, increase new business 
opportunities through the development of new infrastructure, 
and improve delivery robot deployment convenience and safety. 

3. From truck to door: Governance of robot operations on 
pedestrian walkways 

As delivery robots may complete the final distances of 
last-mile deliveries unmanned, private companies and the 
authorities have to jointly agree on the rules for safe and 
efficient operations on paths shared by pedestrians. To do this, 
they need to build more detailed mapping databases for 
unmanned operations. In non-urban areas, the governance 
of robotic operations is relatively easier due to less crowded 
pedestrian walkways. Yet, if poorly executed, delivery 
robot productivity would be low in such areas because the 
population is more spread out. Additionally, legislation is 
needed to unify rules for unmanned vehicle operations.

F I G U R E  2   Eight major actions to take to use robots for last-mile delivery

Regional level
Sorting at centres

Standardizing physical bases
for area optimization

Building data collection/sharing
system for network optimization

Creating practical guidelines
for joint-delivery operations

Neighbourhood level 
Delivery via trucks

From truck to door 
Delivery to houses with delivery robots

Mapping out potential
parking spaces

Building parking space reservation
system (including supply/demand
management and allocation)

Regulating roads across the urban
landscape in a harmonized way

Developing detailed map
data for location mapping

Legislating unified rules for
unmanned vehicles to be deployed



Conclusion
Autonomous vehicles could lead to a more efficient and 
sustainable last mile network in Japan and in many other 
regions worldwide. Some of the key issues that stakeholders in 
both the private and public sectors should be contending with 
now include:

	– The public sector revisiting regulations to accommodate 
new technologies; 

	– Businesses cooperating to harmonize standards;

	– Civil society navigating these two sectors from the 
perspectives of the general public.

Finding consensus on policy standards, operating 
rules, and management systems before the technology 
is mature and widespread should help safeguard 
everyone’s well-being and increase the odds of the 
successful deployment of delivery robots.

The transition to smart cities has begun in many places through 
the use of various technologies. With the factoring of logistics 
into such efforts and with stakeholders closely examining the 
infrastructure and institutional design necessary to actualize a 
more efficient future for logistics, it will be possible to realize a 
more convenient and sustainable society.
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