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Abstract. Reducing the volume of trucks carrying empty or below capacity loads 

on road networks are both socio-economic and environmental sustainability is-

sues for the logistics industry. Planning concepts for a collaborative logistics ex-

change based on real-time data are described as well as the benefits in terms of 

optimizing load capacity utilization, minimization of empty running, reducing 

costs, traffic congestion, and truck emissions 

Keywords: Collaborative, transport, cargo, logistics, agent-based, constraints, 

optimise 

1 Introduction. 

Based on data from the European Union [1] identified that empty backhauls represent 

about 25% of the road transportation activities and that loaded trucks in average use 

57% of the capacity. This triggered a further investigation into how planning of 

truckloads is conducted as well as conditions and rules for transport companies. This 

research project was initiated with the aim to reduce the empty running by exchanging 

loads among freight carriers. The centre-point of the project is to provide real-time data 

and advanced decision support tools to the transport companies and thereby reduce 

costs as well as environmental benefits in terms of reduced pollution and congestion. 

The potential benefits of horizontal collaboration for logistics services providers are 

recognized in the literature in the form of increased efficiency and productivity gains 

[2], decreased environmental impact, and improved market presence or access [3, 4]. 

From an economic perspective, modeling results of collaborative approaches reveal 

cost savings ranging from less than 10% [5], between 20 and 30% [6-8] to as high as 

50% [9]. The effectiveness of collaborative approaches can be influenced by various 

factors such as the geography [10] and not least the partners’ similarity in distribution 

networks [11]. Only two freight carriers are participating in the research (demonstrator) 



project but in a later implementation, a higher number of carriers are required to gain a 

high efficiency and to reduce the number of non-connecting deliveries. 

From an environmental perspective, the reduction of empty backhaul trips was sug-

gested as an alternative to mitigate the transport environmental footprint [10]. Environ-

mental impact reductions will likely follow the cost reductions of collaborative ap-

proaches since fuel consumption accounts for a large proportion of transport costs.  

Sustainability of the industrial sector has become one of the most significant societal, 

political and business issues due to the fact, that the manufacturing sector has a huge 

impact on the environment, economy and the quality of human life. The focus on the 

impact of supply chain activities including logistics and transportation has captured a 

huge academic and industrial interest which has led to significant contributions regard-

ing figures and measures [15,16], concepts and strategies and methodologies and tools 

such as Life-Cycle Assessment (LCA) and Corporate Social Responsibility (CSR).  

While collaborative transport planning can generate a series of efficiency benefits, 

companies are also required to navigate challenges regarding information sharing and 

security with rivals and ensuring the delivery of adequate services by other companies 

for their own customers [4]. In cases where full information disclosure is accepted by 

collaborating parties, decisions can be made by a central decision-maker. However, in 

cases where not all information is shared amongst parties, decentralized decision-mak-

ing approaches are adopted [2]. In a decentralized decision-making approach, trans-

porters can retain the ability to choose which routes or cargoes they are willing to ex-

change. The decisions by individual transporters regarding routes or cargoes can de-

pend on the information, options available [12], as well the relationships between lo-

gistics service providers and their customers [13, 14]. In this context, decision support 

systems can be useful tools to inform decision-makers of available collaboration alter-

natives while allowing the option for human direction of the final choice.  

Today, only few companies are part of supply chains that jointly supports an overall 

planning body to optimize the flow. To support optimized goods flows between inde-

pendent second-party logistics providers (2PLs) calls for supply chain collaboration 

solutions enabling increasing visibility and decision support integrated in current 

transport management systems. Firms are used to optimize internally, but collaborative 

logistics creates the need to develop a new business model that takes inter-firm relations 

into account. 

This paper lines up the findings so far as well as conceptual solutions to support 

sharing of loads. Two options have been identified: an agent-based approach and an 

optimisation approach. The paper is organised as follows. First, the planning approach 

in the transport companies are presented alongside constraints in terms of policies (as 

well as driving regulations). Secondly, the identified options are presented followed by 

a discussion and conclusions. 



2 Planning approach in case companies. 

The freight carriers in focus are specialised in handling point-to-point transport freights, 

normally minimum 5 pallets. The direct approach has a number of advantages com-

pared to a hub-and-spoke setup that are mainly used for smaller freights. The main 

advantage is less handling and faster delivery time, whereas the downside is a higher 

risk of empty running. The freight carriers have three types of shippers: contractual, 

regular and occasional customers. Contractual customers have to be served, whereas 

regular customers could be turned down. Occasional customers are accepted if the load 

fits with the planned route and loads.  

Most order requests come from customers, but some requests come from other 

transport companies aiming to sell of transports that do not fit into their routes and 

capacity. The actual load per day for contractual customers are not known until a few 

hours before the truck starts its route and may change over the day. This setup generates 

some uncertainty with respect to which transport orders to accept. On the one hand, if 

too many orders are accepted, the transport capacity may be insufficient for the day’s 

deliveries. On the other hand, accepting fewer orders or a more risk-averse approach 

may mean that transport capacity is not fully utilized.  

Due to uneven load balances, trucks are rarely fully loaded on both outbound and 

inbound trips. The goal is to have a full outbound load and aim for as high load as 

possible on the inbound trips. Most freight carriers have some casual transports to in-

crease loads when possible, e.g. empty pallets. Other options is transport portals such 

as Timocom and Teleroute [17,18,19] that act as a broker in between shippers and 

freight carriers. Uber Freight [20] is also entering the European market, but here the 

portal is a freight marketplace focused on full load transportation. 

The transport companies investigated, plans their transports manually but use do-

main-specific systems to support the decision making and to share the current plan with 

colleagues as well as the final launch of trips. Orders from contractual customers arrive 

in semi-automated ways such as excel sheets or through manual access to customers 

information system. Regular and occasional customers communicate via email or 

phone. Surprisingly, very limited planning was conducted in real-time and re-filling of 

trucks were rarely used. The companies were aware that a further investigation of these 

areas could improve capacity utilisation and earnings. 

The normal strategy by the route planners is to accept most requests as “it is easier 

to form a good plan if you have more orders”. During the planning process, you may 

sell off requests that were accepted earlier in the planning process or contractual trans-

ports if the load either exceeds the transport capacity or is too small to fill up a truck. 

In the latter case, the planners contact transport colleagues by phone or email to sell of 

transports. Usually, the price of a transport increases during the day and therefore there 

is a risk element in having too many unallocated transports in the late afternoon.  



3 Planning concepts. 

As previously stated, the idea with the paper is to present planning concepts supporting 

the current processes in transport companies. Two different concepts have been brought 

forward with the aim of improving the capacity utilisation:  

• an agent-based approach aiming at supporting selling and buying transports to 

and from other transport companies  

• an optimisation approach where all transports are re-distributed among the 

participating transport companies  

under a given set of constraints configured by each participant such as: 

• accepted transport colleagues to undertake a transport for the given company 

• blocked customers and types of goods that are not to be transferred to col-

leagues 

• a matrix expressing how may extra miles of route deviation you are willing to 

drive in order to pick up X number of pallets (e.g. 2 miles for 2 pallets and 20 

miles for 10 pallets 

• A threshold value expressing the minimum profit margin for accepting a re-

quest 

 

Fig. 1. Conceptual illustration of tenders, requests, constraints and business model 

The constraints are used to evaluate as to whether a request from a customer or a 

transport company qualifies for manual decision making. To enable this pre-qualifica-

tion process, the order request must as a minimum include the following information: 

type of goods, number of pallets, weight and volume, order date & time, pick-up infor-

mation (date & time, address, customer name), delivery information (date & time, ad-

dress, customer name), and offered price. 



In an agent-based setup, the route planner will receive the pre-qualified requests 

which match the configured settings. This ensures that only relevant requests require 

the attention of the planner. Further, the system should support a full business process 

transaction in terms of automatically enter the order specification, notify the cargo 

owner when the product are delivered, invoice the cargo owner, etc. These processes 

are quite labour intensive in the current manual based setting. 

As trucks constantly move and new orders are accepted while some old orders are 

sold off the picture changes over time. We have tried to illustrate this in figure 2. The 

planning process is similar to the “Net-Change” in Enterprise Resource Planning (ERP) 

systems. This mean that during the day new orders are received and accepted and each 

time we consider how to best fit the new order in the existing plan. The alternative to 

this is a “Full plan” (in ERP this is done during the night or in some companies over 

the weekend due to time constraints) where all plans are cleared and a totally new plan 

is developed. The benefits of this is that the Net-Change does not find an optimal plan 

but a feasible plan given the already planned tasks.  

 

 

Fig. 2. Real-time scan for relevant tenders to accept or reject a request based on constraints such 

as position and time-window. 

As an alternative to the agent-based planning concept a constrained or optimised 

concept could be considered. Constrained based planning is based on hard and soft (or 

goal) constraints [19]. Its distinguishing feature is that the objectives can be stated as 

minimising deviations from pre-specified goals. Hard constraints are not overruled, 

whereas soft constraints can be overruled, if necessary. If the number of trucks is con-

sidered as a hard constraint then capacity load, based on customer order acceptance, is 

considered as a soft constraint. As no plan optimisation objectives or criteria are con-

sidered, this option produces a feasible but not necessarily an optimal plan. Therefore, 



a hidden plan objective function is used to drive the planning and trade-off among the 

soft constraints. The hidden plan objective function is defined as minimizing plan cost. 

In addition to hard and soft constraints, it is possible to use business rules and demand 

priorities. Business rules are used as explicit decisions made when there are more op-

tions to choose among in the plan generation. Business rules are ranked by use of pri-

orities of given topics and play an important role in constraint-based planning by avoid-

ing the traditional (time-consuming) re-planning and re-scheduling after plan genera-

tion.  

Optimised plans are generated based on plan objectives, penalty factors and con-

straints beside the hard and soft constraints [21]. The constraint-based rules are ex-

changed with decision variables and penalty factors, instead of the hidden object func-

tion and business rules and demand priorities. In the optimisation, the soft constraints 

might be overruled if this reduces the total costs. For example, demand priority and 

supplier allocation ranks could be overruled to reach the best profit.  

The benefits of a constrained or optimised plan is that it automates the planning pro-

cess. The question is, however, whether planning automation and elimination of indi-

vidual decision-making for each company is a change that transport companies are will-

ing to instantiate. With reference to the manufacturing area, it is a long “travel” to move 

from manual planning to semi-automated and fully automated planning, as this change 

requires reliable data and fit-for-purpose decision rules. 

4 Discussion and conclusion 

The paper discuss possible planning concepts in an automated collaborative logistics 

system based on real-time collection and analysis of shipment and tracking data which 

makes it possible for large competing logistics companies to share load capacity on 

less-than-truckload shipments and minimize empty-running. Currently, planning and 

coordination is handled manually and the aim of the ongoing project is to optimize the 

utilization of load capacity and minimize empty running, reducing costs, traffic con-

gestion, and truck emissions. 

At present only the most obvious constraints have been included in the work. Cur-

rently, we are e.g. not able to handle dependent options where one option only is rele-

vant if another option also is fulfilled. It is also required that all trips have been initiated 

before the collaborative tool is able to suggest relevant loads to share (the chicken and 

egg challenge). Regular (returning) customers has less integrated planning routines but 

expect anyway that their loads are handled in spite of lacking contractual agreements. 

To support this, we suggest that historical data are used to forecast capacity require-

ments on a daily basis to make room for these customers.  

Finally, a threshold value for the minimum number of empty pallets in the truck are 

needed if refill of trucks is considered. This value depends on the type of truck and the 

number of deliveries to be completed. The important issue here is to avoid unloading 

of many “new” pallets to enable offloading of “older” pallets. This last issue are to 

some degree in contrast to the initiating goal of obtaining a higher capacity load on 

trucks. 
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