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ABSTRACT 

Globalization trends call for changes in the paradigm of logistic 

chains, creating effective interrelation links among individual 

countries not only by physical infrastructure, but also 

connecting various economies, policies, cultures, technologies 

etc. in a smart way. 

 

This study investigates the minimization of transaction costs by 

using modern software technologies. The article has two aims. 

The first is to identify and to quantify transaction, transition and 

misalignment costs (TTM). And the second is to discuss if and 

how these costs can be minimized by using software 

technologies e.g. blockchain technology (BC). 

 

Given insufficiencies in data collection, we quantified costs 

mostly for Latvian case regarding its forthcoming participation 

in the rail freight corridors. This study analyses four 

alternatives: without introducing BC, introducing public BC, 

introducing limited access BC, introducing hybrid BC.  

 

Keywords: transaction costs, blockchain, logistics chain 

1. INTRODUCTION 

One of the most valuable aspects of the competitiveness of a 

logistic chain is a trade cost from one point to another. It is a 

sum of the costs of each logistic chain member and the 

transaction costs among them. Many countries are introducing 

open access to infrastructure and reducing financial and 

administrative burdens, in order to increase competition among 

transport and logistic companies [2]. This helps to decrease the 

costs of each logistic chain member; however, another financial 

burden appears in logistic chains in the form of transition, 

transaction and misalignment costs. Moreover, given the 

processes of globalization, the liberalization only on internal 

markets is not enough. No state can afford not to be connected 

with international transport corridors. Therefore, the questions 

of s
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the cost of completing border formalities are additional 

obstacles that must be solved if a logistic chain is international.  

 

There are many quotes that BC may help to track the ownership 

changes in real-time and to reduce transaction costs both from 

a company to a company and from a company to a state to their 

minimum. On the other hand, it is more than clear that the 

transition to a modern technology has many barriers �  

technological, managerial, organizational and social �  that must 

fall. But it not clear whether BC can help to solve the problem 

of misalignment within logistic chains and whether transaction 

costs that would appear in BC are smaller than the existing 

ones. 

 

It is difficult to explore transaction costs because of their dual 

nature. It could be easy to observe and measure costs for writing 

contracts, costs for interrupted contracts and costs for 

organizing tenders as well as costs incurred by state to 

supervise the provision of a tendered service. It is also possible 

to collect data that occur due to a transition to a new regulation 

or technology, as well as to estimate misalignment costs as 

capacity losses. But all the data exists on each stakeholder
� �

 

level and there is no existing statistics in such dimensions. 

Given that stakeholders have an incentive to optimize their own 

costs rather than the costs of the system [5] and there are still 

lots of market imperfections, especially in monopolized parts 

of logistic chains [32], it is a challenge to collect robust data. 

So, the first purpose of this study is to motivate practical 

activities to deal with the problem of transaction costs by 

proposing an agenda of identifying and quantifying TTM. For 

this reason, we reviewed the existing experience on the impact 

of TTM on logistic chain sustainability, and presented the 

generalized research questions based upon this review. 

 

The next research problem is connected with quantifying the 

output from the improvement of a logistic chain. We 
	 � 	 
 � � � � �

 

to examine the fiscal effects for the government but rather to 

investigate the total effects for the society, having in mind that 

higher logistic costs result in poorer economic efficiency: lower 

levels of foreign investment, a lower savings ratio, reduced 

exports of services, reduced access to technology and 

knowledge, and a decline in employment [3]. But each 

economy has its own priorities and, therefore, its own 

performance indicators on logistics development. Accordingly, 

we delimited our study to the evaluation on how the conversion 

of conventional business contracts into BC smart contracts 

eliminates TTM mostly for Latvian case of forthcoming 

participation in the rail freight corridors. But we trust that the 

presented model is general enough to be used for other modern 

ledger technologies developed to get logistic chain data 

securely to the right place, at the right time, in the right format. 

 

To achieve the goal, we divided our study into three stages: (1) 

to highlight TTM in a logistic chain; (2) to understand how 

TTM can be minimized by BC; (3) to evaluate whether the 

introduction of BC is sustainable. 
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Figure 1 

The design of selection of the alternative of using blockchain technology in a logistic chain 
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Source: m 
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The evaluation was based on the theoretical part of the research 

and information available to authors about Latvian case of 

forthcoming participation in the rail freight corridors on non-

disclosure basis. We used Saati Analytic network process 

method [36] to conduct comparative analysis of four possible 

alternatives: 

- status quo (SQ); 

- introducing public BC (PBC); 

- introducing limited access BC (LBC); 

- introducing hybrid BC (HBC). 

 

We evaluated the criteria for the whole transition period. We 

put weight for each criterion guided by Latvia
� �

 usual political 

preferences, but the model allows to adjust state preferences 

(long- or short- term orientation, uncertainty avoidance etc.) for 

each case study in each country. The Fig. 1 presents the 

selection algorithm of the alternatives. 

  

The structure of this paper derives from the structure of the 

study. 

 

2. TRANSACTION, TRANSITION AND 

MISALIGNMENT COSTS IN LOGISTIC CHAINS  

 

The transport infrastructure developed 30 and more years ago 

has become irrelevant because of changing transportation 

needs. Previously connected places have disappeared, and 

globalization trends ask for stretching routes to intercontinental 

lengths. The latter asks for speed acceleration and cross-border 

solutions (meaning both technological and data 

interoperability). The environment issues, that have become 

more and more disturbing, are shifting logistics to more 

environment friendly transport modes (e.g. rails and water 

transport) usually accompanied by less ecological but more 

flexible transport modes. Therefore, present logistic chains are 

huge complex "door to door" systems. Any rigid part in such a 

system may collapse the system in whole.     

 

As a reaction to the modern challenges most open to trade 

countries are restructuring their transport markets in two 

directions. The first is a vertical separation of existing 

integrated companies into infrastructure companies (mostly 

controlled by a public entity) and undertakings (supposed to be 

private companies). The second is the regulation of the 

charging systems, where charges are limited to that proven and 

effective cost base or even to marginal cost level.  

 

These initiatives may be considered successful, but they 

introduce transition costs, increase transaction costs and 

highlight existing misalignment costs.  

 

Transition costs 

 

Transition costs occur when political decisions on changes in 

the market structure result in the reallocation of one market � � � n � � � � 	 � � � � o � � � � � n � � � � � n � � � � 	 � � p � � 
 � � � � � � � � � � � q � � r
 

surplus to another. Transition costs can be evaluated as very 

sufficient. For instance, the agreed budget of the Connecting 

Europe Facility instrument established by Regulation 

1316/2013 allocated to transport is EUR 24.05 billion. 

Transitions costs may be avoidable and unavoidable: 

- unavoidable ones appear with the change of production 

equipment and staff positions, studying and consulting 

costs to minimize uncertainty (e.g., environmental, 

behavioural, supplier-customer, competitive, strategic) 

[1], costs of errors (e.g. courts) that occur due to wrong 

interpretation of recasts; 

- avoidable ones appear as efficiency losses due to the 

delayed (procrastinated) deregulation of a regulated 

monopoly or its partial deregulation. 
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Despite the strong position of the European Commission that 

promotes fast changes in infrastructure liberalisation, the 

avoidable transition costs exist on the European transport 

market because the states are usually the owners of the 

infrastructure, the policy-makers and the main market 

stakeholders at the same time. This situation creates internal 

contradictions in setting goals and dealing with challenges. Due 

to subordinate position of infrastructure managers, policy-

makers based on a political document often address challenges 

but avoid having financial obligations for them. On the other 

hand, instead of perfect competition on the liberalised part of 

transport market, the oligopoly must be considered the usual 

market condition now. This happens because members of long 

logistic chains are not interested in competition due to the long 

terms of return of investment.  

 

We observed avoidable transition costs in the Latvian seaport-

rail logistic chain by means of the increasing trend of the total 

charge level where rail service charge level grown faster than 

in maritime service [32]. We concluded that the main reasons 

of the tendency were the wrong public infrastructure charging 

system and the lack of cooperation between the participants of 

the logistic chain. We also noted that in different EU states the 

effect of transition is different, but we did not find a reason of 

this. Hofstede's cultural dimensions theory [33] perfectly gives 

answers to: why a society quickly accepts what power is 

distributed; society's tolerance for ambiguity; society
� �

 

reference for achievement; whether this achievement has long-

term or short-term orientation, and; to what extent society 

preserves existing traditional systems. But the advanced 

research is needed to approve the efficiency of this theory. 

 

Another transition problem appears on the global level. States 

open to trade are interested in the development of transport 

corridors throughout their countries. Such states are interested 

in the competitive advantages of their respective corridors and 

tend to enhance quality in several areas: providing passing 

capacities and harmonizing technical standards, transport law 

and carriage documents, simplifying the freight rate policy and 

norms of crossing state borders, as well as generating a reverse 

freight traffic flow. At the same time, such countries depend on 

the decisions made by other participating countries which may 

be less open. States build their transit policy with reference to 

the beneficiary from these services: if transport effects (export p � � s � � t � � � � � � � � 
 s � � � � � � � 
 � � � � � � � u r � 
 � � 
 � 
 � � � � � � � 
 
 � � q � �
economy, the state is interested in financing the infrastructure; 

if not, the provision of specific terms of transportation to a 

significant extent is motivated by the international agreements 

and economic relations between the states of the forwarder and 

the consignee with the transit country. This is extremely 

important for the modern transport corridors which length is 

measured in thousands of kilometres, while the number of 

states involved quite often exceeds ten. 

 

The transition period must have its limits; so, the present value 

of transition costs can be estimated by using Eq.(1): 

 

,            (1) 

 

where: 

TS  - present value of transition costs; 

UTS  - losses in efficiency due to delayed transition of the 

system; 

ATS  - costs of breaking existing links and costs of 

developing new links of the system; 

t1 - term of transition delay; 

t2 - term of the novel link system development; 

r - the return that could be earned per unit of time on an 

investment with similar risk 

 

Transaction costs 

 

Transaction costs are usually viewed as the costs to prepare, 

negotiate, carry out and supervise contracts, salaries and other 

cash payments to managerial and administrative staff, the costs 

for consultants and the costs for the regulatory bodies. [4] 

Although the role of the transaction costs remains difficult to 

assess, most studies examining international routing strategies 

consider them very sufficient [22-28]. Transaction costs are 

driven by market imperfections, opportunistic behaviour, 

information asymmetry and misalignment of transactions and 

governance structures [2]. 

 

The barriers in operation and management of multimodal 

transportation, that create transaction costs, are classified into 

five types:  

- legal and institutional (a prior consultation system for 

entering a port on related business; a licensing system for 

getting licenses to enter a port on related business; other 

practices that contribute to unfair practices);  

- financial and traditional (matters related to research, 

planning, collection, control and overview of customs 

duties, as well as overall tariffs); 

- technological (management of the electronical systems); 

- physical and institutional (traffic congestion and jams, 

environmental and energy concerns) 

- discrimination/restrictions. [29] 

 

Other regular transaction costs appear in logistic chains as 

higher operational costs because of the need for additional 

traffic management and data analysis. [30] The common trend 

nowadays is to put more and more legal restrictions and 

obligations to the monopolised part of the logistic chains that 

raises administrative costs and weakens the effectiveness of 

management. Therefore, transaction costs create more 

problems in markets with small number of stakeholders or 

when the public sector has a responsibility for the provision of 

services.  

 

We see the relation of transaction costs in international logistic 

chains to the gravity model of international trade [34]. 

According to that, transaction costs depend on: 

- the existing trade flow (the smaller it is, the greater 

transaction costs are needed); 

- the distance (the greater distance, the greater amount of 

transaction costs is associated with overcoming 

formalities (borders, languages, legislation merging etc). 

and risks (piracy, transactions, commercials etc.) and; 

- the economic policy efficiency, meaning, the extent the 

previous problem is solved. 

 

So, the transaction costs can be evaluated by the Eq. (2): 

 ,                    (2) 

 

where: 

TA  - transaction costs of in logistic chain with n involved 

states in the period; 

MTA  - marginal costs of creating contracts, salaries and 

other payments; v
1 - factor that explains the economical preferences of i 

country and the extent of possibility to have 

alternatives; v
2 - factor that shows legal and institutional, financial 

technological and other restriction burdens in the 

logistics costs of i country; v
3 - factor that explains logistics demand from/to i 

country involved in logistic chain (i=1 for internal 

logistics). 
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Misalignment costs 

 

Misalignment implies that the prevailing governance structure 

is not optimized in relation to the activities they are supposed 

to govern. The current market organization with its prominent 

level of fragmentation is an important reason for inefficiencies. 

[5]   

 

In the rail-maritime logistic chains misalignment costs appear 

as additional maintenance and renewal costs caused by 

asymmetric information between the undertaking level and the 

system level. At the system level, the infrastructure managers 

are obliged to provide capacity in amount and quality they are 

not convinced in. Undertakings usually have no obligations for 

the quality of the provided information on ordered capacity. 

The traffic on the demonopolized infrastructures cannot be 

forecasted on historical data, as the demand is usually not 

predictable because of the market conjuncture and considerable 

cyclical, directional and seasonal fluctuations [30].  

 

Our analysis of the Eurostat data on shares of commodities 

transported by rail in 2008 and in 2016 showed that while there 

is no dramatical change in the volume of traditional cargos, the 

volume of so-
� � � � � 	 w 
 
 � 	 � 
 � � � � � x � � y p � � 	 �

is grew fast. The 

infrastructure managers have no idea about competitive 

advantages from this growing sector and cannot meet consumer 

needs (such as to run at a specific time; within a particular 

route; considering different technical and technological 

conditions) flexibly. This leads to the losses of the highest 

possible value added. [31] 

 

The evaluation of misalignment costs in logistic chain can be 

executed as Eq.(3): 

TM =                  (3) 

 

where: 

TM  - misalignment costs in the period; 

GC  - the difference between full costs of governance 

structures and marginal costs of governance in i state; 

IC  - the difference between full costs of infrastructure 

maintenance and marginal costs of infrastructure 

maintenance in i state; 

OC  - the difference between full costs of other logistic 

related costs and marginal costs of other logistic 

related costs in i state.  

 

3. BLOCKCHAINS AND OTHER SOFTWARE 

LEDGERS IN LOGISTIC CHAINS  

Future perspectives in terms of data collection focus on smart 

devices (cloud computing, smart identification technologies, 

sensors); smart robotic collectors (designed for capturing data 

in extremely special conditions); intelligent adaptive devices 

(machine learning and artificial intelligence technologies). The 

transmission of data develops as wireless communication based 

on advanced encryption methods. The synchronization of 

central and distributed network architecture performs on a 

human neural principle basis. Future magnetic data storage is 

supposed to be replaced by biological media that can keep the 

data by dynamic, episodic, and semantic modes and to simulate 

the ability of human to learn facts and relationships. The future 

of the processing collected data is generally assumed to be 

concentrated on smart cloud-based infrastructure where 

decision making will be implemented in self-learning and smart 

(inviting other models) manner. The key factors of smart 

decision-making are to (1) pick up precise data as a parameter; 

(2) figure out resolutions quickly; and (3) evaluate the results 

sufficiently. The data interpretation is expected in easy 

visualization, drag-and-drop mode with the ability of self-

learning [20]. 

 

The opportunity to introduce BC as the basis of financial and 

commercial applications instead of existing old fashion paper 

procedures is investigated in many studies [9, 10, 11, 12, 13]. 

The adoption of foundational technologies typically happens in 

four phases, where each phase is defined by the novelty of the 

applications and the complexity of the coordination efforts 

needed to make them workable. These phases are the 

innovation trigger, the peak of inflated expectations, the trough 

of disillusionment, the slope of enlightenment. BC is coming to 

the third stage [17] when it has earned a big portion of criticism 

on: 

- operability within existing technological systems: they 

have low computational power and storage capabilities, 

use diverse protocols and technologies that create complex 

and sometimes conflicting configurations [18];  

- authentication and security standards - the liability from a 

customer data breach, property damage, data damage, loss 

of income due to outages and failure, website defacement 

etc. [15].  

- understanding how BC really works - supply chain 

managers should begin to view the quality of the data 

products they depend upon for decisions in much the same 

way they view the quality of the products their supply 

chain delivers [19]. 

- legal and compliance issues - the behaviours of the 

institution are difficult to change [21]. 

- energy demanding [6]; 

 

From this it could be concluded that the introduction of BC in 

logistics is also linked to TTM. Moreover, considering the 

essential importance of transport infrastructure [16] (and 

therefore the imperative data protection) the significance of 

TTM can be evaluated as influential. 

 

Main expectations from the introduction of BC are related to 

the decrease or even elimination of misalignment costs by total 

transparency of operations when using open platform for 

logistic contracts. In an ideal scenario, all validating nodes 

would vote on the order of transactions for the next block, and 

logistics chains would go with what the majority decided. This 

expectation is also fraught with risks. Firstly, it is a possibility 

to get control of the network by joining with multiple identities. 

[18]. Secondly, the costs of using public BC are inadequate due 

to performance, scalability, and consistency requirements, and 

also due to language expressiveness that are hard to solve. 

Therefore, public BC should be used only in cases where 

decentralization and transparency are essential. In all other 

cases, the hybrid solutions must be used [7, 8] in combination 

with global technological concepts of digitalization, such as 

Internet of things, Big Data, Machine-to-Machine 

communication [16] or combining parts of the system with 

private or consortium BC [14]. 

 

The Fig.2, created on the basis of the analysed information 

shows, that existing developments in BC are far from an ideal 

world. The BC demonstrates TTM in all parts of logistic chains: 

the collection of the raw data asks for transaction costs for data 

mining and transition costs for creating a smart contract; data 

processing creats misalignment associated with the 

maintenance of hardware as well as transactions for 

authentication of recipients; the received data asks for 

transaction costs for its transformation to the state accepted 

format and misalignment with configuration and protection of 

the receiving hardware. Using this analogy, we concluded that 

TTM must be quantified for BC in a way described in the part 

2 of the paper and comparative analysis of possible alternatives 

is needed. 
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Figure 2 

Comparison of transaction, transition and misalignment costs in logistic chains and blockchains
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Based on the comparative analysis conducted in a way 

described in the introduction part it was concluded that there is 

a need to change a status quo. In a weighted model, where the 

need to decrease misalignment and transaction costs was 

weighted stronger than the need to decrease transition costs, the 

hybrid BC and public BC were co-awarded as the best 

alternatives, the second-best result was shown by limited access 

BC. 

  

Tab.1. provides the summary of the comparative analysis. The 

results show that the priority of the hybrid BC and public BC is 

not definitive, as all alternatives demonstrated weaknesses in 

one or two criteria. In order to improve results of the 

introduction of hybrid BC the simplification of implementation 

and operability of contracts must be invented. Main challenges 

of the public BC are related to decreasing risks and costs of 

operations. 

 

 

 

 

4. CONCLUSIONS AND PROPOSALS FOR 

ACTIVITIES 

  

As a result of the study, the transaction, transition and 

misalignment costs of logistic chains are identified and 

equation for their quantification is developed. We concluded 

that the application of BC in logistic chains results in 

comparable transaction, transition and misalignment costs 

(TTM) too.  

 

We introduced the instrument of decision making on improving 

logistic chain performances and made a trial for Latvian case of 

forthcoming participation in the rail freight corridors. The case 

study showed that keeping the status quo is not more feasible. 

The established decision-making instrument could be easily 

adapted according to new developments in IT technologies or 

existing administrative technologies, as well as to changes in 

transport policy priorities in countries where a logistic chain 

works.  

 

Table 1 

The results of the comparative analysis of using blockchain un Latvian rail freight logistic chain 

Alternatives Transition costs Transaction costs Misalignment costs Weighted value 

Weight of criteria 0.1 0.5 0.4  

Status Quo                    0,27                     0,14                     0,24                  0,19  

Public BC                    0,20                     0,25                     0,34                  0,28  

Limited access BC                    0,27                     0,37                     0,09                  0,25  

Hybrid BC                    0,26                     0,24                     0,33                  0,28  
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