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SOAST  
‘Suburban-fringe  
‘on-demand’ algorithm 
based shared transport’

Is Demand Responsive 
Transport integrated with parcel 

delivery the viable future?
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Summary

We looked into combining parcel delivery with bus 

services. In other words, buses carrying parcels as 

well as passengers.  This seems sensible,  because 

if passengers and parcels are both going  to the 

same place, then it seems efficient to use a single 

vehicle. However, certain facilitating systems need 

to be present, such as a network of ‘last-mile’ 

lockers where buses can drop parcels off for local 

distribution, and an intelligent smartphone-based 

booking service. After detailed modelling, and 

discussion with bus and parcel companies, we 

found this could be highly effective,  especially in 

rural and semi-rural areas, and in the context of  

on-demand bus services. 

Our simulation studies showed that high coverage 

of rural parcel demand could be achieved with 

minimal impact on passenger mobility, leading to 

significant reduction in carbon emissions and a 

substantial positive impact on viability of rural and 

part-rural bus services.
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Public  
Transport

In the UK and across the world city 
centres, and high-population-density 
urban places, road congestion has 
driven the need for shared transport for 
people. Depending upon the density 
of the population this is provided by 
bus, tram, light rail, over ground rail or 
underground rail or a combination of 
these. 

Decarbonisation of these shared 
transport systems leads to low carbon 
city transport1. In these high-population-
density areas public transport that 
runs on fixed timetabled routes 

provide an effective service to the 
public. As population density reduces, 
private transport (i.e. car and thus car 
ownership) reliance increases2.

Low population density means fixed 
routes are conveniently close to only 
a limited proportion of the population 
and in order to limit the cost of the 
service operators are forced reduce 
the frequency of the service reducing 
its utility. This spiral of reducing utility 
resulting in less use defines the rural 
public transport paradox which can only 
be resolved through subsidies.

Infographic

What is the current situation?

Source: Gov.uk Department of transport Journey Time Statistics England 2019

Figure 3: Average 
minimum travel time, 
minutes, to all key 
services, by urban or 
rural area type and 
mode of transport, with 
population, England, 
2019 (JTS0102)

1Mitchell G, Hargreaves A, Namdeo A, Echenique M (2011) Land use, transport, and carbon futures: the impact of 
spatial form strategies in three UK urban regions. Environment and Planning A 43(9): 2143-2163 
2Aditjandra PT (2013) The impact of urban development patterns on travel behaviour: Lessons learned from a British 
metropolitan region using macro-analysis and micro-analysis in addressing the sustainability agenda. Research in 
Transportation Business & Management 7: 69-80.
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Parcel deliveries Every postcode in the UK is being 
serviced by one or more parcel delivery 
service. In the past few years and 
stimulated by the lockdowns and 
restrictions of the Covid19 pandemic, 
these delivery services have increased 
substantially to the extent that many 
postcodes are being serviced by several 
parcel delivery services. 

Parcel delivery operations are usually 
time constrained - the maximum no of 
parcels that can be carried by a vehicle 
is determined not by the capacity of 
the vehicle but by the amount of time 
needed to visit all the destinations3. 
If delivery points were concentrated, 
the number of destinations would be 
reduced and less vehicles would be 
required to complete the task.

Clearly if parcels and passengers 
share destination and origins it could 
be possible to further improve the 
vehicle fill– reducing carbon emissions 
and reducing the overall costs of 
the combined operation and thus 
optimised shared mobility4.

1Mitchell G, Hargreaves A, Namdeo A, Echenique M (2011) Land use, transport, and carbon futures: the impact of 
spatial form strategies in three UK urban regions. Environment and Planning A 43(9): 2143-2163 
2Aditjandra PT (2013) The impact of urban development patterns on travel behaviour: Lessons learned from a British 
metropolitan region using macro-analysis and micro-analysis in addressing the sustainability agenda. Research in 
Transportation Business & Management 7: 69-80.



Demand responsive transport
Stagecoach launched the UK’s first dedicated app based 
demand responsive bus service for NHS workers in partnership 
with Hull University Teaching Hospitals NHS Trust and their 
technology partner, ViaVan. It aims to encourage modal shift 
from single-use car journeys and reduce pressure on car 
parking space.

Working with the Tees Valley Mayor, Stagecoach have 
introduced Tees Flex, an on-demand bus service for residents in 
more isolated communities across the Tees Valley. Passengers 
can pre-bookthe bus via a smartphone app, a website or over 
the telephone. Pick-up and drop-off points can be requested 
within the serviced areas and to destinations including train and 
stations along with hospitals in the area. 

SOAST White Paper6

The evolution 
of passenger 
transport

In recent years, there has been an 
explosion of start-up and established 
companies entering the Demand 
Responsive Transport (DRT) market 
– though with its ups and downs , 
providing on demand bus service 
for communities, villages, and cities. 
Worldwide there are now around 400 
DRT projects. The main supplier in 
the UK has been ViaVan with other 
smaller businesses such as The Routing 
Company, Shotl, Liftando, Ioki, MOIA, 
Padam Mobility and Mooveit all 
growing. 

Traditionally, pilots have operated in 
city areas where population provides 
volume and in turn potential revenue 
and profit, for example Arriva Click 
in Kent (2017) and Via Van in Milton 
Keynes (2018) but there are also regional 
and rural examples including Lift and 
Go in Lincolnshire (2020) and The 
Routing Company in the Highlands of 
Scotland (2021).  This trend in DRT has 
more recently been supported by the 
Department for Transport (DfT) who 
provided a funding opportunity for a 
further 16 projects through the Rural 
Mobility Fund in England and Wales.

Box 2 describes such DRT services. 

These pilots are different to the Dial-a-
Ride and Community Transport services. 

The Dial-a-Ride, such as the one 
operated by Aberdeenshire Council, are 
usually provided by a local authority as 
a telephone service, operated on fixed 
routes on particular days, transporting 
those with mobility issues to the shops 
or medical appointments.

In contrast the Community Transport 
services, such as those operated by 
Badenoch and Strathspey Community 
Transport Company, or the Huntly 
Community Bus are established and led 
by the community and volunteers to fill 
a local need and are usually classed as 
charitable organisations.  

Anyone can use an On-Demand Bus, no 
pre-requisites, or limitations such as a 
particular day or route.  It is unsurprising 

3Simoni M, Bujanovic P, Boyles SD, Kutanoglu E (2018) 
Urban consolidation solutions for parcel delivery 
considering location, fleet and route choice. Case 
Studies on Transport Policy 6(1): 112-124. 
4Mourad A, Puchinger J, Chu C (2019) A survey of 
models and algorithms for optimizing shared mobility. 
Transportation Research Part B: Methodological 123: 
323-346. 
5Valega N, Nelson JD, Wright SD, Farrington JH (2012) 
The Potential Role of Flexible Transport Services in 
Enhancing Rural Public Transport Provision. Journal of 
Public Transportation 15(1): 111-131.

What’s changing?

Social Services on Wheels’ 
operated in Bangladesh where 
services such as healthcare, ICT 
and bus services were combined 
in one community vehicle, to 
deliver services to more rural 
areas whilst joining with the city 
ensured that DRT was provided 
in off peak times whilst ‘goods 
delivery to the city residential 
areas maximised the use of the 
vehicle as a resource’.

Box 2 Facts and benefits of 
shared transport services.
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17 of the UK 
population live  
in rural areas 74parcels

received by each 
person in the UK 
during 2020

parcels  
per year4billion

%

Parcel Delivery The challenges faced by last mile 
delivery providers is one of efficiency: 
How is it possible to fill vehicles when 
the delivery points are widely dispersed? 
Acknowledging current alternative 
logistics solutions6 and shopping 
behaviour, we aim to showcase novel 
lastmile logistics solution.

62 million people in the UK are 
expected to spend £2000 each in 
the e-commerce sector by 2025. 
This suggests that the e-commerce 
market, whilst still growing, must 
be approaching saturation, inferring 
that delivery densities are unlikely to 
increase substantially. 

Further improvements in last mile 
delivery efficiency will be difficult 
to achieve without significant 
restructuring of the delivery services.

The DfT decarbonisation plan 20218 
suggested interventions in last mile 
delivery services will be required but fell 
short of describing what these could 
be. In addition, the UK government 

published ‘The Future of last-mile 
deliveries; Understanding the local 
perspective’ which identified 5 key 
challenges 2 of which were financial 
viability and the difference in needs 
between rural and urban locations9.

The decarbonisation agenda is putting 
the sector under further pressure 
(Box 110). In urban locations delivery 
companies compete by offering faster 
service, initially this meant vehicles 
couldn’t be filled (too many destinations 
to visit) and this resulted in a 
reconfiguration of the service to include 
a further tier. Vans would be filled to 
serve an area, the focal point of which 
would be a hub where the parcels could 
be transferred to smaller vehicles such 
as e cargo bikes. 

By using data and appropriate 
information systems it may be possible 
to pool both resources and opportunity 
across different transport networks 
serving different markets such as 
logistics and public transport.

6Morganti E, Seidel S, Blanquart C, Dablanc L, Lenz B (2014) The Impact of E-commerce on Final Deliveries: Alternative 
Parcel Delivery Services in France and Germany. Transportation Research Procedia 4: 178-190. 
7Jaller M, Pahwa A (2020) Evaluating the environmental impacts of online shopping: A behavioral and transportation 
approach. Transportation Research Part D: Transport and Environment 80: 102223. Department for Transport (2021) 
8Decarbonising Transport: A Better, Greener Britain. The Crown. London  
9Paddeu D (2022) The future of last-mile deliveries: Understanding the local perspective. The Local Government 
Association (LGA) commissioned report.  
10https://edelivery.net/2021/09/uk-parcel-volumes-increase-third/#:~:text=In%20the%20UK%20parcel%20
volumes,by%20an%20average%20of%208%25.

that the On-Demand Bus is now being 
trialled in suburban and rural areas, 
such as Aberdeenshire and Dunoon, 
as a possible alternative to fixed route 
conventional rural bus services which 
are poorly occupied and are costly to 
operate. 

In general these pilot schemes focus 
on the transportation of people as 
passengers and don’t look at the 
vehicle as an asset which could be more 
efficiently utilised.

Box 1 Recent facts and figures from the sector
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The evolution 
of passenger 
transport

The SOAST project uses a  computer 
model to assess how parcel delivery 
services can be combined with 
passenger transport to define an 
efficient demand responsive combined 
parcel and passenger transport system. 

A virtual model was built and run for 
South Lakeland District to demonstrate 
the economic viability of a combined 
on-demand bus mobility system with 
on-demand parcel delivery. The model 
can be run for any area of the country.

The model assumes:
• Parcel drops are planned for the day (not emergent during the day)
• There are no costs associated with developing parcel hub facilities at the bus 

depot
• There are no costs associated with handling the parcels at the bus depot 
• There are no costs associated with community parcel delivery facilities such as 

locker banks
• No parcel-passenger service coordination cost
• Parcel delivery demand reflects all parcel deliveries in the area (ie from several 

parcel delivery companies)

More detailed description of the model can be found at:  
https://github.com/SOASTproject/modeller along with the model code.

What did we do?

South Lakeland 
Cumbria showing the 

post codes
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Arrangements for pick-up and drop-
off for parcels are different from the 
arrangements for pick-up and drop-off 
of people although the locations will be 
the same where appropriate. The term 
‘SOAST Vehicle’ is used to refer to the 
vehicle which carries both passengers 
and parcels. Here the ‘zone’ means the 
area being modelled in the study, in this 
case South Lakeland District.

The benefits were calculated by 
aggregating the economic benefits 
(reductions in overall cost of both 
parcel delivery and passenger service 
provision) and the societal benefits 
(CO2 reduction). The CO2 benefits were 
calculated using the Green Book11  

mid-range value for CO2 abatement 
as generally used by UK authorities. 
However, the quantification of other 
societal benefits using revealed 
preference methods was beyond 
the scope of this work meaning that 
the calculated benefits will be overly 
conservative. 

The model was subjected to sensitivity 
testing using the following parameters:

• LastMile site density:  a lastmile 
density of 50 means that the model 
will generate one lastmile site for 
every 50 individual postcodes in the 
region.

• LastMile radius:  a lastmile radius of 
1 mile means that each lastmile site 
will deliver any parcels that are within 
1 mile of that site

The model treats passenger and parcel 
stop requests the same. The model 
generates a plan that visits all the 
requested stops and counts the number 
of vehicles required and the kms 
travelled to meet that demand
In our simulation each vehicle could 
carry up to 18 tote crates of parcels and 
20 passengers.

11HM Treasury (2022) The Green Book Central Government 
Guidance on Appraisal and Evaluation. The Crown.

Teesdale Teesflex operation area
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Parcel Delivery 
costs will reduce 

Our analysis shows that the cost of both rural public transport and parcel delivery 
services can be reduced whilst maintaining the demanding parcel delivery  
service levels while improving the utility of public transport. Box 3 shows some 
key assumptions made for the hypothetical model. 

This is because several deliveries, often 
to out-of-the-way villages, are now 
consolidated into single deliveries to the 
bus-depot. So, with combined activity, 
the parcel carrier has a reduced number 
of deliveries to make.  Overall, across 

the range of simulations done with our 
modelling, we find that operational 
costs for the parcel carrier can be 
reduced by between 40-80%, typically 
c. 70%

Virtual Model Outputs 
Model explanation, inputs, outputs on github

What did we find?

More detailed description of the model can be found at:  
https://github.com/SOASTproject/modeller along with the model code.



‘Bus’ Operation 
Costs will 
increase

New Last  
Mile Costs
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1

2

1 Shows parcel courier savings (as 
a percentage of their costs in the 
‘Isolated’ scenario); the savings 
improve as the density of lastmile 
sites increases, and also as the 
lastmile radius increases.

2 shows the reduction in the 
number vans needed by the parcel 
courier in different scenarios, in 
terms of the percentage of vans 
needed in the ‘Isolated’ scenario. 
E.g. in the Isolated scenario the 
parcel company needed 36 vans, 
but this drops to 14 vans in the high 
lastmile site density scenario with 
lastmile radius 1 mile

This is because the bus has additional 
demand; in the ‘isolated’ case the 
bus operations only had to deal with 
passenger demand; in the combined 

case, the bus company must 
accommodate the additional demand 
from parcel bundles.

In the ‘isolated’ scenario the lastmile 
costs are zero. In the combined model, 
however, lastmile sites incur cost in 
locally delivering the bundles that 
arrive at the site. This cost may be 
zero for some or all sites, if the local 
operation is purely done by volunteer 
operation. However, in general (and in 
the model) we assume a small local 
fleet that incurs costs.

So, in a combined operation, there is an 
additional cost incurred, which comes 
from combining the increased cost of 
the bus operation and the added cost 
of the lastmile operations.  However, 
we would generally expect that this is 
more than offset by the reduced cost 
of the parcel carriers operations, and 
hence there will be an overall system 
saving.  The overall cost reduction sits 
in the range of 12-35%.
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New Business Models

Lastmile sites: The model is provided with (or automatically generated) a 
group of ‘lastmile sites’ within the region.

Parcel delivery operations: 
■ A parcel company is assumed to 

have a fleet of vans based at a 
depot in (or close to) the region. 

■ the parcel company is assumed to 
have several parcels to deliver in 
the region (by default, 500 parcels). 

■ any deliveries to places near last 
mile sites are instead bundled up 
and delivered to the bus depot. 

Bus Operations:   
■ one or more bus depots in the 

region
■ a fleet of on-demand buses are 

available at each depot.
■ Bus passenger demand is provided 

(or can be generated by the model) 
and served by the on-demand 
buses. 

■ each last-mile-site bundle of 
parcels is considered as an 
additional customer for a bus, 
which gets picked up at the depot, 
and needs to arrive at its site by 
early afternoon.

Box 3: The Hypothetical Model 
Assumption for the rural 

shared transport services

The Model 
Assumption

The SOAST 
System
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Possible vehicle 
types 

This work has shown that there are potential benefits from operating a combined 
passenger and parcel delivery system. Firstly, the combined costs are substantially 
less than the sum of the costs from the separate operation. Secondly the utility of the 
service is increased from the passenger perspective. 

However, the coordination and organisation of the shared resources is not without its 
challenges. Those include Planning of delivery Storage capacity Event management.

New vehicle concepts need to accommodate both parcels and passengers. They 
need to be designed with appropriate space allocation without compromising the 
parcel security, parcel access, or the passenger experience. Below is an outline of the 
vehicle concept that could be used.

Figure 3: Illustration of shared 
transport (passenger + parcel) 
vehicle 

12Utomo DS, Gripton A, Greening P. (2021) Analysing 
charging strategies for electric LGV in grocery delivery 
operation using agent-based modelling: An initial case 
study in the United Kingdom. Transportation Research 
Part E: Logistics and Transportation Review 148: 102269. 
13Lemke J, Iwan S, Korczak J (2016) Useability of the 
parcel lockers from the customer perspective – the 
research in Polish Cities. Transportation Research 
Procedia 16: 272-287. 
14Montecinos J, Ouhimmou M, Chauhan S, Paquet M, 
Gharbi A (2021) Transport carriers’ cooperation on the last-
mile delivery in urban areas. Transportation 48: 2401-2431.

The vehicle may be a fossil fuelled vehicle 
in the early stages of the operation but 
is expected to be electric as soon as 
possible. Planning the charging regime 
is crucial to minimising passenger delay 
as much as optimising time for parcel 
delivery12. 

The vehicle will be designed to be 
as user friendly as possible and with 
‘accessibility’ features. (Figure 3) The 
vehicle is high enough for full height 
standing while accessing the seat.

There will be, say, 10 passenger seats with 
a panel separation between the parcel 
section and the passenger section.

Each delivery point will be allocated a 
number of totes crates to facilitate the 
speedy off loading of the parcels to 
ensure that the inconvenience (in terms 
of journey time) is minimised.

The totes crates will be delivered to 
lockers accessed using QR codes or PINs.

The timetabled bus services need to 
be replaced with a combination of IT 
platforms that provide access to all and 
flexible routing. These platforms will 
allow users to create demand at any 
of the locations (each of which have 
been located to serve a 20-minute 
neighbourhood). Location and 
convenience are key determinants of the 
service use13 (Figure 4).

Parcel deliveries and passenger services 
are therefore aligned to the 20-minute 
neighbourhood concept.

Finally, agreements need to be reached 
on how the benefits of the new system 
are to be distributed amongst the 
commercial enterprises and society.  
There is an established formula for 
sharing benefits equitably (Shapley 
Function14); however, the difficulty is 
generally agreeing and quantifying the 
contributions made by each organisation 
to the shared service and assets.

Figure 4: Illustration of 
delivery system 
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The Policy challenges

There are several policy challenges associated with the transition to a combined 
and improved parcel and passenger service for rural areas.

Firstly, the business model is 
underpinned by passengers choosing 
the new improved service and using 
their cars less. Revealed preference 
choice study methodologies can be used 
to establish the tipping point where the 
SOAST model becomes more attractive 
to passengers than the alternative of 
the private car. Although this work was 
outside the project scope it poses an 
interesting challenge – what policies can 
be designed to encourage passengers to 
move from private vehicles to the SOAST 
solution.

Secondly, communities need to adopt 
a local parcel delivery proposition 
that is not depot to door, but instead 
depot to the centre of a 20-minute 
neighbourhood. Again, it may be 

necessary to incentivise the appropriate 
change in behaviour.

Thirdly, a new vehicle concept needs 
to be developed that accommodates 
passengers and secure parcels. Whilst 
vehicle design is not dependent on 
policy the adoption of new standards 
may be the subject to changes in 
regulation.

Fourthly, the developed business models 
will need to incorporate the appropriate 
monetisation of society benefits. This 
infers that either government subsidises 
the service (in recognition of the 
societal benefits) or society recognises 
the benefits and the potential costs 
associated with securing them.

Conclusions

Pooling passenger and parcel delivery can potentially deliver economic benefits 
across the combined operation when the delivery of parcels is concentrated into 
local delivery points that also serve as passenger collection points. The potential 
cost savings of the shared transport solution is 25% on typical scenarios.
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?

Further Work

This work has demonstrated that there are economic benefits in pooling passenger 
demand and parcel delivery demand so that they can be served by a single vehicle 
visiting combined passenger drop off/collection and parcel delivery points. 

The work assumed that passengers  
would be willing to switch from private 
cars to a DRT solution. This assumption 
takes no account of perceived utility and 
the value of time. Future work could 
use revealed preference methods to 
quantify utility and incorporate this into 
a generalised cost, this facilitates the 
estimation of how many people would 
prefer the DRT option to private cars.

The cost models used in the model 
could be extended to include: the costs 
of coordination between the parcel 
delivery companies and the passenger 
service operator, the extra parcel 
handling costs and the local community 
delivery facilities.

?? ?
?
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