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How to assess the impact of blockchain on
decarbonization in urban logistics?

Mehdi Jahangir Samet, Jonathan Kohler and Tomas Horak

Abstract— The critical role of blockchain technology has been
highlighted in decarbonization and logistics transitions in the
literature. Blockchain technology combined with the Smart City
paradigm is identified as one of the most important digital
technology disruptions and trends of sustainable urban logistics in
the future. Unfortunately, none of the current strategic assessment
models can evaluate the impact of blockchain technology adoption
on the decarbonization pathways in urban logistics. In this study,
to assess the impact of blockchain technology adoption on
decarbonization goals in urban logistics, we review the literature
for the current strategic assessment tools/models, sustainable
urban logistics, Smart City paradigm, and blockchain technology
application in logistics and decarbonization. We propose a
combination of different modelling approaches including the
living lab, agent-based models, and specific decision-making
algorithms of blockchain technology adoptions in urban logistics
and Smart City paradigms to fill the identified gaps in the
literature. The main contribution of this study is to identify the
research gaps in the analysis of the impact of blockchain on
decarbonization in urban logistics.

Keywords — Agent-Based Models, Blockchain Technology,
Logistics Transitions, Strategic Assessment Models, Urban
Logistics.

. INTRODUCTION

ECARBONIZATION strategies in the logistics and freight
transport sectors include energy efficiency improvement
for wvehicles, alternative powertrains and fuels and
systemic change improvements [1]. The first three
decarbonization strategies in logistics and freight transport can
be represented by the current strategic assessment tools and
freight transport modelling approaches. However, these models
and tools are not able to assess the impact of digitalization on
decarbonization goals in logistics transitions [2]. Digitalization
and decarbonization are known as the main drivers of structural
system changes in logistics transitions [2, 3]. Therefore, to
develop models and tools in logistic transition, key aspects of
digitalization and decarbonization should be appropriately
modelled and assessed.
Smart City and Smart Mobility paradigms are highlighted as
the most important digital trends in the transport sector in the
latest wversion of the sixth assessment report of
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intergovernmental panel on climate change [3]. Smart City and
Smart Mobility paradigms include a wide range of digital
technology disruptions and transformations such as information
and communication technologies (ICT), internet-of-things
(10T), mobility as a service, big data, big data analytics, and
blockchain technology [3]. Blockchain technology plays
enabler roles in the future of logistics and supply chain
development, such as supply chain coordination and
collaboration, circular economy, and shared economy [4-8].

The critical role of the blockchain was discussed over
different research topics such as securities [9], smart
contracts [6, 10], risk management [11], network
architecture [12-14], etc. But unfortunately, no research study
in the literature was found to assess the impact of blockchain
technology adoption on the decarbonization pathways in the
transport sector. In this study, we aim to discuss possible
solution(s) to assess the impact of blockchain technology
adoption on decarbonization goals in logistics and freight
transport systems in the urban area.

Il. LITERATURE REVIEW

This section provides a brief review of the most related
literature. Section Il.A reviews sustainable urban logistics and
the Smart City paradigm. Next, Section I.B reviews the
blockchain  technology application in logistics and
decarbonization. Finally, Section 11.C reviews the strategic
assessment models/tools in the freight transport sector.

A. Sustainable urban logistics and Smart City paradigm

Urban logistics has a very complex ecosystem which
includes the main components such as the marketing sectors,
stakeholders, facilitators, and their impact assessments [15, 16].
The urban logistics ecosystem would be more challenging
under the paradigm of sustainability. The objectives of
sustainability in urban logistics are to minimize the negative
externalities of logistic operations, to ensure service coverage,
and to improve the quality of life of all inhabitants at the city
level [17].

The negative externalities include environmental issues (e.g.,
CO; emissions, air prolusions), social issues (e.g., working
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conditions for human labor, quality of life), and economic
issues (e.g., waste of resources, inefficiency) [15, 16].
Pan et al. [18] identified the five main new challenges in
sustainable urban logistics based on the literature including
fast-growing mega-cities and urban planning, ever-increasing
on-demand deliveries, speed vs. flexibility in an omnichannel
environment, strict regulations and policies, changing the
consumer attitude towards sustainability.

Biiyiik6zkan and Ilicak [19] reviewed the literature on smart
urban logistics (SUL) and Smart City. They highlighted the role
of SUL in achieving sustainability goals in urban logistics (e.g.,
emission reduction, cost reduction). According to different
definitions and terminologies provided for SUL and Smart
City [18, 19], “interconnected” infrastructures (e.g., physical,
IT, social, business) would be required for making “smart” or
“intelligent” decisions to achieve sustainability goals in urban
logistics.

The role of digital transformation and information and ICT
technologies has been emphasized for SUL and Smart City
paradigm in the literature [20, 21]. Bin et al. [21] discussed the
role of different digital technologies such as blockchain and
cyber-physical systems (CPSs) in the achievement of
decarbonization targets with intelligent mobility.

Singha et al. [12] identified the challenges of applying
a blockchain and artificial intelligence (Al) enabled framework
for Smart City network architecture. They also discussed the
solutions and future direction in the development of the Smart
City concept.

Bagloee et al. [13] highlighted the role of blockchain in
Smart City paradigm. The blockchain-driven digital platform in
this study covers sensor networks, smart devices,
communication platforms, data analytics, control systems, and
cloud services. They proposed a decision support framework
for blockchain adoption based on the concept of benefit-cost
ratio. Tian et al. [22] designed and examined a blockchain-
based platform to evaluate customer delivery satisfaction in
sustainable urban logistics.

B. Blockchain technology, logistics, and decarbonization

Decentralized and distributed ledger technologies such as
blockchain can help to establish a trust system amongst users in
a shared network. This technology is a real-time, distributed,
immutable ledger and works on a peer-to-peer basis.
Blockchain technology applications in logistics and supply
chain management can save cost and time by removing the
central intermediary control system [23]. The other advantages
of blockchain technology adoption are transparency and
security. Depending on the blockchain applications (with
different transparency and security requirements) different
consensus mechanisms are required [24].

Public or permissionless consensus mechanisms such as
proof of work lead to higher operational costs compared to the
private or permissioned consensus mechanisms such as proof
of identity and proof of authority. The difference in the
operational costs depends on the intensity of the energy
consumption and computational powers required for providing
higher security levels in the networks [25]. Moreover, the

scalability of blockchain technology has a major impact on
energy consumption levels. The energy consumption in the
consensus mechanisms depends on the network size (node
number) of a blockchain-based platform/system for conducting
different types of transactions [24].

Different terminologies and classifications might be found
for the blockchain technology in the literature. The most
complete picture of blockchain technology evolutions in
logistics is described by Choi and Siqin [26]. They described 5
levels of blockchain evolution from blockchain 1.0 to
blockchain 5.0. Blockchain 1.0 refers to the basic blockchain
application as the currency (e.g., in finance) and blockchain 5.0
refers to the advance blockchain applications combined with Al
and industry 4.0’s technologies (e.g., 10T, smart sensors).

Two main themes of blockchain applications in carbon
footprint monitoring and decarbonization were identified by Pu
and Lam [27]. These two themes are 1) carbon trading or carbon
emission management and 2) operational carbon emission
resulting from computational procedures in a blockchain-based
platform/system. The former theme refers to the enabler role of
blockchain technology to achieve decarbonization goals. The
latter refers to the operational carbon emission of running
a blockchain-based platform/system.

A third theme of blockchain technology applications for
achieving decarbonization targets is neglected in the literature.
As it is concluded by Sedlmeir et al. [24], blockchain
technology combined with industry 4.0 [28] and Smart City
paradigms [29] might result in a greater reduction potential of
emissions and costs. According to Bagloee et al. [13], transport
and supply chain management are known as the most important
area of blockchain technology applications in Smart City
paradigm.

The critical role of blockchain technology in the Smart City
paradigm and sustainable logistics was discussed over different
topics such as securities [9], smart contracts [6, 10], risk
management [11], network architecture [12-14], and customer
relationship management [22]. It was claimed that blockchain
technology can bring around 30% extra reduction of emissions
and costs in the energy and manufacturing systems for the next
decade [21]. Unfortunately, no research study in the literature
was found to quantify the impact of blockchain technology
adoption on the decarbonization pathways in the transport
sector.

C. Strategic assessment models/tools

Three types of models have been used to show the
decarbonization pathways in the transport sector: 1) integrated
assessment models (IAMs), 2) global transport energy sectoral
models (GTEMs), and 3) national transport/energy models
(NTEMs). These models differ from each other based on
sectoral scopes, geographical scopes, technological details, and
behavioral details. They have common assumptions for the
trajectories of socioeconomic development, technological
development, resource availability, policy, and behavioral
change. [3, 30]

IAMs represent a simplified version of a complex physical
and social system by focusing on the endogenous interaction



between the economy, society, and environment.
The G- INTEMSs benefit more from the detailed transport
demand, technology, behavior, and policy at national/regional
resolutions with an exogenous linkage to the other sectors [3].
We identified the six most important G- /NTEMs which have
been used widely in Europe. In the following paragraphs, we
briefly describe these models.

e PRIMES [31] was developed by energy economy
environment modelling lab (E3M). The model has been
used for European climate policy for over 20 years focusing
on long-term transitions and policy impact assessment for
market and emissions.

e ASTRA (ASsessment of TRAnsport Strategies) [32] has
been used for over 20 years for strategic policy assessment
in transport and energy fields. The policy assessment
potential of ASTRA covers a wide range of policies with
flexible timing and different levels of policy
implementation such as standard setting, fuel taxation,
infrastructure pricing, speed limits, carbon taxes, etc.

e HIGH-TOOL [33, 34] was developed to assess the
economic, environmental, and social impacts of transport
policies. This model has been used for the strategic
assessment of 30 different transport policy measures such as
efficiency standards, internal market measures, and pricing
measures.

e TransTools 3 [35] was developed to improve the main
shortcoming of its older version. The model has been
improved by adding a linkage to an intermodal network-
based transport model.

o TRIMODE [36] was developed for European Commission
(DG RTD) between 2016 and 2020. It was claimed that the
model was the first example of a large-scale integrated
model developed with a freshly designed structure for each
model component [36-38].

e The international energy agency’s (IEA) mobility model
(MoMo) is a techno-economic simulation model for
estimating and calibrating the energy use and emissions of
motorised transport vehicle activity [39]. The model is
primarily built based on the “what-if” scenario creations and
back-casting to match transport sectoral and modal sub-
sectoral greenhouse gas (GHG) emission targets.

I1l. DisCcuUssION

The literature review of strategic assessment models shows
that they do not consider the new blockchain technologies. In
this section, we discuss the possible ways to estimate the impact
of blockchain technology adoption on the decarbonization
pathways in the freight transport sector by using the Smart City
paradigm. We identify the research gaps in strategic assessment
tools/models, urban logistics, and blockchain technology in the
literature in Section I11.A. Then we discuss the possible ways to
assess the impact of blockchain technology in strategic
assessment models/tools in Section 111.B.

A. The identified research gaps in the current strategic
assessment tools/models, urban logistics, and blockchain
technology in the literature

The following research gaps were identified in the current
strategic assessment models/tools to assess the blockchain
technology adoption on decarbonization goals in logistics and
freight transport systems in the urban area.

1) First research gap (RG1)

None of the current strategic assessment models/tools can
explicitly describe and evaluate the future systemic change
regarding decarbonization and digitalization. The possible
changes in data handling, data exchange, vertical coordination,
and horizontal collaboration in the logistics system and
industrial organization are neglected in the current strategic
assessment tools/models.

2) Second research gap (RG2)

The current strategic assessment models/tools neglect the
intermediate and dynamic impact of digital technology
disruption and transformation as well as the decarbonization for
the short-term and mid-term horizons. Some of the current
strategic assessment models/tools such as HIGH-TOOL and
IEA MoMo consider some levels of operational efficiency in
logistics due to, for example, the implementation of the physical
internet (P1), co-loading, and urban consolidation in long-term
future scenarios. However, these models only present
approximate estimates of the operational efficiencies in
logistics in aggregated regional/national measures (e.g., vehicle
kilometers) based on a few case studies.

3) Third research gap (RG3)

Spatial and analytical resolutions in the current strategic
assessment models are not appropriate to assess the impact of
technology disruptions and transformations. The spatial and
analytical resolutions in the current assessment models/tools are
designed based on the aggregated input-output structure at
regional and national levels. While the systemic changes due to
technology disruptions and transformations (e.g., blockchain
technology, PI) require more detailed analysis of individual or
group of actors (e.g., customers, shippers, logistics service
providers (LSPs), terminal operators) behaviors in logistics and
supply chain at an urban scope.

4) Fourth research gap (RG4)

Assessment of the urban logistics ecosystem is neglected in
the current strategic assessment tools/models. The Smart City
paradigm includes subdivisions of ICT infrastructure and
intelligent control systems. To evaluate the Smart City
paradigm, a model should consider multi-dimensional (e.g.,
environmental, economic, social behavior) linkage between the
level of disruptive technology adoption and existing city
infrastructure. The current assessment models cannot evaluate
such interactions between sectoral subdivisions at a city level.

5) Fifth research gap (RG5)

Blockchain technology disruption and transformation are not



evaluated in the current assessment models. There is a lack of
decision-making algorithms and multi-dimensional assessment
models to evaluate blockchain technology adoptions in urban
logistics. Regarding the literature review in Section I1.C, the
impact assessment of blockchain technology for achieving
decarbonization targets should cover the following themes:

1) Carbon trading or carbon emission management,

2) Operational GHG emissions resulting from operating
a blockchain-based system, and

3) The potential operational cost saving and emission
reduction in logistics and supply chain (because of the
blockchain technology adoption).

B. The model requirements to assess the blockchain impact on
decarbonizations, urban logistics, and the Smart City paradigm

This section aims to discuss the research gaps in literature
and seek possible solutions to fill them. Following sub-sections
discuss the role of Living labs, agent-based models (ABMs),
and specific decision-making algorithms for blockchain
technology as the main modelling approaches to fill the gaps in
the literature.

1) Living lab

Living lab is suggested for modelling the technology
disruptions and transformations in a complex sociotechnical
system such as city logistics [40, 41]. The living lab in the city
logistics aimed at continuously revising and improving the
logistics performance via modelling 1) collaborative
participation, 2) government processes, and 3) technology
disruptions. The living lab in the city logistics has the following
characteristics: 1) it includes all relevant stakeholders and
business models in the city logistics, 2) it predicts the effects by
using simulation, gaming, and other analysis tools, 3) it has
a responsive/adaptive approach for evaluating the impacts and
policy measures to ultimately implement the solution.

However, applying the living lab concept in the city logistics
might have the following challenges [40]: 1) it is difficult to
record and evaluate the perspectives and preferences of large
numbers of stakeholders, 2) there is a lack of monitoring system
to evaluate the impacts of disruptive technologies, 3) it is
difficult to reflect the decision making of all the individual
stakeholders and the emergent impacts of them at the system
level.

2) ABMs

ABMs are bottom-up microsimulation tools which can be
used for different contexts such as passenger and freight
transport models, technology adoption, socio-technical
behavioral models, and coordination and collaboration in
supply chain and logistics systems [42, 43]. The ABM has three
main elements of agent(s) (e.g., customers, shippers, LSPs,
terminal operators), environment (e.g., geographic information
systems), interactions between agents in the environment. The
application of the ABMs in the logistics and freight transport
models has the following advantages compared to the
traditional ones: 1) it can evaluate each carrier based on mode

choice variables, 2) it can explicitly model the behaviors and
interactions among agents, 3) it is a dynamic modelling method
which can investigate time-dependent variables such as
building trust over time between agents and in the whole
system.

However, the application of ABMs in logistics and freight
transport models might have the following challenges: 1) the
methodology for applying ABMs on a large-scale, aggregated,
or macro level is unclear. Data collection and detailed
behavioral modelling for individual agents or groups of agents
are challenging in terms of computational power; 2) modelling
and validation of the result is challenging because the empirical
datasets at strategic, technical, and operational levels are not
available. The main reasons for not sharing such data might be
that companies considered them as confidential information and
business secrets.

3) Specific decision-making algorithms for blockchain

adoptions

The decision-making algorithms for blockchain adoption in
the Smart City paradigm should be able to assess the costs and
benefits of blockchain adoption in sub-systems and
subdivisions in the Smart City paradigm. The costs and benefits
of the blockchain implementation can be assessed, tested and
revised continuously to reach optimum solutions based on the
living lab concept. The decision-making algorithms for
blockchain adoption in the Smart City paradigm should include
the following components:

e Blockchain maturity model and adoption scenarios:
Different scenarios of blockchain applications should be
specified based on the adoption and maturity of blockchain
technology in relationship with other digital technologies
and modelling concepts (e.g., CPS, 10T, PI, digital twin) in
the Smart City paradigm. Five levels of blockchain
evolutions from blockchain 1.0 to blockchain 5.0 [26] can
specify the levels of involvement for different key elements
in the Smart City paradigm (e.qg., citizens, vehicles, systems
and utilities, and infrastructure and governance) [13].

e System performance analysis: The system performance of
the blockchain-based platform can be evaluated by
simulation tools and “virtual operation” modelling such as
Simul8 [44]. These models need very detailed information
about smart contract designs, network size, and consensus
mechanisms.

e Operational cost analysis: The operational cost can be
estimated by using simulation tools such as Ethereum
virtual machine. These models need detailed information
about smart contract designs, network size, and consensus
mechanisms [25].

e Operational energy (electricity) consumption analysis: The
operational energy consumption can be estimated based on
the system performance analysis [24].

e GHG emission analysis: The GHG emission can be
estimated by knowing the local GHG intensity of electricity
and the operational energy (electricity) consumption [24].



C. The research gaps vs. the modelling approaches for impact
assessment of blockchain application

Table | shows a summary of the modelling approaches
discussed for blockchain application in urban logistics and the
Smart City paradigm in this study. Table I presents the potential
share of each model to fill the five research gaps (RG1-RG5) in
Section I1L.A.

TABLE |
THE RESEARCH GAPS VS. THE MODELLING APPROACHES FOR IMPACT
ASSESSMENT OF BLOCKCHAIN APPLICATION IN URBAN LOGISTICS AND SMART
CITY PARADIGM TO ACHIEVE DECARBONIZATION GOALS.
Modelling approaches The research gaps in the literature?
RG1 RG2 RG3 RG4 RG5

Living lab in urban logisticsand  © © @) © ®
Smart City paradigm

+ABMs in urban logistics and @ @ [} ™ C)
Smart City paradigm

+Specific decision-making ™ @ [} C) 0O
algorithms for blockchain

adoptions in urban logistics and

Smart City paradigm

Cumulative impacts of the above @ ) ) Y Y
models to fill the research gaps

1- The circle symbols show the approximate share of each model (O for
0%, @ for 25%, © for 50%, @ for 75%, and @ for 100%) to fill the research
gaps in blockchain adoption in urban logistics and Smart City paradigm to
achieve the decarbonization goals based on the literature review and the
authors’ assessment.

Taking a closer look at the items in Table | reveals that the
combination of all three modelling approaches including living
lab, ABMs, and a specific decision-making algorithm for
blockchain technology are required to fill the identified
research gaps (RG1-RG5) in the current strategic assessment
models. However, the application of these models is associated
with multiple challenges. The challenges are discussed in detail
in the previous sections. The main challenges are the difficulties
in data collection, lack of infrastructure, monitoring system,
modelling, and validation.

IV. CONCLUSION

In this study, to assess the impact of blockchain technology
adoption on decarbonization goals in urban logistics, we
reviewed the literature for the current strategic assessment
tools/models, sustainable urban logistics, Smart City paradigm,
and blockchain technology application in logistics and
decarbonization. We identified five research gaps in the current
strategic assessment models to evaluate the blockchain impact
on the decarbonization of urban logistics.

The research gaps in the current strategic assessment
tools/models are 1) lack of presenting the overall systemic
changes of decarbonization and digitalization in the future
logistics systems, 2) lack of intermediate and dynamic impact
assessment of the digital technology disruptions and
transformations, 3) lack of appropriate spatial and analytical
resolutions for impact assessment of the digital technology
disruptions and transformation at the urban level, 4) lack of
impact assessment of the urban logistics ecosystem, and 5) lack
of decision-making algorithm and multi-dimensional
assessment models to evaluate the blockchain technology

adoptions in urban logistics.

We proposed a combination of different modelling
approaches including the living lab, ABMs, and specific
decision-making algorithms of blockchain technology
adoptions in urban logistics and Smart City paradigms to fill the
identified research gaps in the literature. Our proposal is
a simplified and strategic approach to assess the impact of
blockchain technology adoption on decarbonization goals in
urban logistics. We also identified possible challenges such as
difficulties in data collection and lack of infrastructure,
monitoring system, modelling, and validation.

The main contribution of this study is to identify the research
gaps in the analysis of the impact of blockchain on
decarbonization in urban logistics. The next step in the research
is to develop a demonstration ABM to model scenarios of
digitalization in European logistics. This will address new
logistics structures  including logistics control towers,
synchromobility and automated logistics systems applying
blockchain technologies.
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