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Abstract

The green transition is increasing the demand for renewable energy based on various sources
of biomasses. Energy recovery via cascading of by-product biomasses has great potential for
supporting the green transition and is enabled by circular supply chains. However, there is
limited empirical research and a current lack of practical knowledge on how to structure such
circular supply chains handling i.e. cascaded biomass. In turn, potentially viable circular
business models fall short, despite a competitive market. This is problematic since the demand
for biomass is high, and regional markets are under pressure to deliver to the demand. The
consuming sectors are therefore highly dependent on facilitation of global biomass supply to
produce renewable energy sources such as biogas.

The study aims to explore how to overcome practical and economical barriers in a supply chain
of cascading biomasses with high melting points for biogas production via logistics
improvements. Through an exploratory and problem-solving approach, a scenario analysis of a
case company's potential standard transport scenario and an alternative transport scenario, was
conducted and analyzed according to costs and practical functionality. As the business cases
had no prior examples, data was limited and had to be based on estimations and assumptions.
This motivated a sensitivity analysis of the alternative solution to provide better understanding
of how the business case was impacted by change in parameters. The overall aim was to enable
better decision making on uncertain ground regarding the company's potential business cases.

The study suggests that cost efficiency should be priority in the supply chain strategy due to
current expensive standard solutions and the characteristics of circular offerings. Moreover,
suggestions are made on how to overcome practical barriers and reduce costs via incremental
changes in a standard logistics solution, based on changes in equipment, modes, and placing
key activities where it is considered optimal both in the supply chain and cost wise. However,
the focus on reducing costs to enable viability can compromise finding solutions that actually
fits the changed requirements and overcome the barriers that circular offerings induce. Instead,
sub optimal solutions are developed, with the same problems in a slightly cheaper package.

Bundling, strategic partnerships, and sectorial innovation are proposed as three dimensions to
focus attention towards. Bundling will enable volumes that can enable more tailor-made
solutions for transportation, and together enable establishing solutions outside the standard
scope. Strategic partnerships can enable innovation. Many potential solutions are already
possible outside the actor’s standard domain, through industrial symbioses and exploitation of
resources and facilities of other industrial actors. Radical innovation is dependent on strategic
partnerships as well, to optimally design circular supply chains. Large volumes and many actors
can leverage together and push innovation. It is crucial to critically challenge the squared,
standardized, and conventional logistics sector, and its ability to adapt to new kinds of products.
Radical innovation of the fundamental structures of a conventional sector does not happen
overnight. But if global transportation of i.e. biomass gradually increases volumes and causes
a phase-out of transportation of fossil energy sources, design of circular transport solutions
might become more the norm than the exception. Enabling that tipping point might create the
opportunity to rethink fundamentals of current logistics structures.

Keywords: Sustainability, Circular Supply chains, Circular Logistics, cascading of biomass, closing the
loop, Waste Management, Biogas production
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Chapter 1

Introduction

Enormous amounts of by-products and waste are created every day in various productions.
These by-products are resources that has enormous potential to enter in circular business
models through connecting businesses across supply chains. To create efficient business-to-
business (B2B) and business-to-energy (B2E) networks of waste and by-products, efficient
and well-fitted logistic solutions needs to be developed. These solutions will potentially
deviate from the standard solutions, as the products are not standard and therefore needs
a different scope to i.e. enable cascading of waste and by-products to energy recovery.
As these by-products are often cheaper than 'new’ resources, it increases the cost dis-
crepancy in transportation which calls for both innovative and cheaper logistics solutions
that deviates from the standard solution. As well the lack of support in secondary raw
material markets can limit the ability to exploit and capture remaining value in resources
of i.e. waste and by-products. Application of by-products and waste, sets complete new
requirements to capabilities of transportation, managing activities, handling, equipment,
facilities, and internal resources.

1.1 Motivation & Background

The world is facing a wide range of environmental threats. Global heating and bio-
degradation are consequences of growing populations, excessive consumption, over-exploitation
of resources, and extensive waste generation. As sustainability measures and circularity is
becoming embedded in business models for progressive improvement of the global environ-
mental situation, logistics to support the business models needs to be designed accordingly
to enable full the potential of circular economy business models (CEBMs). Unfortunately,
logistics to support and strengthen viability of circular business models have been over-
looked for too long. Cost of logistics are becoming a major barrier for enabling circularity.
Logistics are being stuck in traditional and standardized patterns, and are not adapted
towards circular offerings of products with other requirements to i.e. transportation. This
means that the full potential and value of CEBMs are either not fully captured, or never
realized due to both logistics related practical barriers and cost barriers.

Transitioning to CEBMs is a part of the solution to reduce use of resources and eliminate
waste. CEBMs builds on circular principles of either narrowing use of virgin materials and
resources, slowing resource life cycles by extending lifetime of products, or closing the loop,
and ensuring maximum value capture of the resources throughout life cycles. Circularity
of biomasses, via cascading principles of by-products of biomasses-to-energy productions

1 Miri Thrane @dum



are an important factor for enabling green transition. The demand for biomasses, i.e. in
the Nordic countries is high due to the potential of biomasses in many different industrial
sectors. The markets nationally and regionally are under pressure to be able to respond to
the increasing demand. By-product and excess biomasses are generated everyday globally,
having huge potential to be cascaded to other industries, if logistics to distribute it is
organized efficiently. Enabling product flows of these masses globally is an important
factor to continuously supply producers of green energy and phase out the fossil fuel
based productions, and take the next step in the green transition.

The case company studied in this research is an environmentally progressive Danish waste
management company, that are specializing in B2B circularity of bio-products and waste.
The indicators of high future demand for biomasses in several industries and the risk of
biomasses on national markets to become a limited resource are causing them to see the
potential outside borders. But logistics of by-products and waste are very dependent on
the selling price of the biomass and low logistics costs for it to make economically sense
to transport by-products biomasses on long distances.

1.2 Problem Description

Structure and design of standard logistic solutions needs transformation to fit the purpose
of supporting and enabling circularity of biomasses. A majority of current business mod-
els and logistics solutions are designed according to linear principles of take-make-waste
principles. Conventional logistics and supply chain strategies are forced to fit to the new
CEBMs, creating either sub-optimal or unfeasible and costly solutions. Logistics needs to
be structured in ways that ensure economically viability and support of the CEBMs, to
actually realize them, while minimizing logistics impact on the TBL (Koosila 2022).

The requirements to the green transition are impacting especially heavy industries. This
has lead to electrification of many industries. A concurrent increased demand for biomass
are happening within different sectors, which will challenge the CHP?! plants using biomass
and waste to generate surplus heat. These plants supply heat and electricity to other
industries, such as biofuel and bioenergy plants, that are build on access to the same
biomasses, which in turn can cause these industries to create constraints for each other
if the sufficient supply of biomass is not available. This potentially could slow down and
restrict the green transition. All together these dynamics are pushing requirements and
prices. This is especially happening in the Scandinavian countries when several industrial
sectors are competing for the same biomasses. The biomass waste can come in various
form. In Denmark it is mainly biomass as agricultural waste, while in Sweden it is mainly
roundwood bulk that is applied in various industries (Kjérstad et al. 2023). As the devel-
opment of plants using biomasses in productions in the Nordics is under a rapid growth,
the market is under pressure to be able to meet the demand. Looking outside borders
to import biomasses is becoming increasingly relevant to maintain and develop the green
transition with application of biomasses. The future high demand can cause biomasses to
become a limited resource due to high consumption and competition between industries
(Kjarstad et al. 2023). t2
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1.2.1 Logistics

Logistics are considered to be the activities concerning order processes, handling, ware-
housing, inventory and inventory control, transportation, & packaging (Chopra and Meindl
2013). Since circular business models often require a return flow or take-back mechanism,
reverse logistic services and activities are crucial to circular business models functional-
ity. The limitation of this often comes down to the actor integration across supply chains
and lack of vertical network approach across supply chains. New approaches to how to
maximise usage of facilities etc. is required, as sometimes logistic activities is simply not
structured to handle take-backs or other circularity logistic activities, in a economically
sustainable way nor even being able to handle the products itself (Yadav and Majumdar
2023). Supply chains handling these kinds of resources need to be efficient rather than re-
sponsive, and activities should be focused on keeping prices down to ensure cost efficiency
(Chopra and Meindl 2013).

1.2.2 Waste Management

Generation of waste is expected to grow by 70% by 2050 (UNECE 2022). When waste
products from consumption or production can no longer be prevented or reused, the mate-
rial is lower in the waste hierarchy and new approaches to waste management needs to be
applied; recycling, energy recovery or disposal. Enormous amounts of waste is generated
everyday, and if managed correctly there is still a lot of value to be captured from these
waste resources. It is in these stages where circular supply chain management (CSCM) be-
comes crucial to be able to capture value of by-products and waste. Circular supply chains
(CSC) differentiates from traditional SCs by emphasizing value creation and waste elim-
ination across supply chains, via both open and closed loop approaches (Montag 2022).
Energy recovery via cascading principles is essential to enable production of green and
renewable fuels in a sustainable way (Kjarstad et al. 2023).

1.2.3 Cost barriers and challenges for circularity of waste

Current barriers in CE are related to logistics are lack of supporting secondary raw material
markets, lack of infrastructure, current linear design of products, convenience and pricing
(United Nations 2020). There are several economic barriers. Le. some virgin materials are
too cheap for it to be viable to apply recycled materials, where as well incineration is the
cheaper option for the waste. Other cost-related barriers such as the discrepancies between
transportation and recycled products are great barriers for fully supporting i.e. circularity
of products. Long distances and efficiency in collection can as well become a barrier for the
viability of circularity (Salmenpera et al. 2021). Fortunately the potential for high prices
of biomass are looking bright in Scandinavia and Germany, as the demand for potent
biomasses is predicted to increase. At the same time there is an increasing presence
of inter-industrial issues due to the use of the same resources while inter-dependencies
between productions and industries (Kjarstad et al. 2023).

1.3 Case Company Background

This section provides the empirical background for the case company as a foundation for
the thesis. The section will lead to a problem discussion based both on the literature and
the case background, that lastly leads to a presentation of the research question. The
empirical background for the case is obtained via company interviews as displayed in the



methods in chapter 3.

1.3.1 Company Introduction

The case company is a Danish waste management and consulting company with global
operations. The company was acquired by another large operator with core competencies
within waste collection. The acquisition of the case company was due to their strength
within know-how of chemical and materials engineering that enables their strength in
connecting industrial actors in a circular perspective, B2B and often B2E. They have a
strong brand in the industry and managed to keep gaining customers and developing into
new markets and develop greentech solutions.

The company connects industrial clients B2B across industries via their waste and produc-
tion by-products. This means, that waste created in one industrial context, will provide a
resource that is possible to create value from in another place and production. The com-
pany manage the functional and logistic connection between the companies. The logistic
is managed through 3PL providers and not directly by the company. The company makes
contracts with other companies and industrial productions that produces waste in some
sort, that could be used in another production context, where the company ensures the
chemical and material functionality and quality. In order to keep developing the network
globally and making it viable and efficient, well-functioning logistics services that supports
the product specific requirements and enables circular flow of resources cradle-to-cradle.
This is illustrated below.
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Figure 1.1: The cradle-to-cradle business model of the case company. Source: The case company.

The company operates within six sectors, where it is the end-product, end-use, or market,
that defines the categorization of the sector. The six sectors are Bio-gas, bio-fuel, alterna-
tive fuel, minerals and materials, agriculture and Hazardous waste. The fourth sector of
minerals and materials includes textiles, plastics, and other sorts that cannot fit in the 5
remaining categories. Many of their business sectors are operating according to cascading
principles and energy recovery. The circular business model of the company is primarily
built on the circular principle of closing the loop or cradle-2-cradle.

The biogas sector is one of their six operational sectors where they coordinate solutions for
biomass and leftover residue from production to distribution for biogas plants. Biomass is
a product with great variety in product characteristics, and biogas production can accept a



very large variety of organic biomasses. This means as well that there is no one-solution-
fits-all approach to the logistics of it. The biomass can come in different forms and
hence have unique logistics requirements. The company is facing a wide range of logistics
challenges related to circularity of a highly potential biomass for biogas production. Many
of these logistics barriers need to be lowered to fully exploit the global biomass potential
for biogas production.

1.3.2 Global circularity of byproducts and waste for biogas production

In Denmark the company already have established different sized scale businesses with
redistribution of bio-masses for biogas, bio-fuel and other alternative fuel productions.
The biomass can be manure, straw, grain, rotten stock of bio-masses, or other organic
compositions often from agriculture or by-product from other productions.

Globally there is a huge potential for circularity of bio waste used as input in various
different sectors (Comission n.d.). The company sees great potential in the biogas pro-
duction especially in Denmark, Sweden, and Germany, where the bio-gas plants are well
developed and the price of biomass is high in comparison, which means potential for pro-
viding a viable business for the by-products. As the biogas production grows in northern
Furope, it also means that the biomasses generated locally, nationally, or regionally are
exploited almost to a maximum, hence it is necessary to look further outside borders to
import biomass. Enormous masses of biomass is produced globally, in all kinds of com-
positions and forms, where a lot of it is suitable as input in biogas production or other
types of biofuels and alternative fuel. The biomass that stays consistent either liquid or
solid is rather straightforward, as transportation of masses with these characteristics are
rather normal. The company has prospects of biomass producers globally, specifically in
Argentina, Oman, and Ukraine, where there is good potential of high volumes and high
quality biomass. The problem with this energy dense biomass is that it is also very high
in fat content, which is the reason the gas potential is very good. But the characteristics
of the biomass is causing various challenges to the logistics and to find a cost efficient
solution for the global transportation of the product.

1.3.3 Complicated but potent biomass

Biomass applied for biogas production can vary a lot and come in many different forms
with different characteristics (Comission n.d.). In general the types can be separated into
either liquid or solid bio-masses. These are the common types the plants are handling.
The specific type of biomass that the company are investigating has a very high fat content
and is very energy dense. This means the by-product has a great gas potential due to the
content, of carbon and is attractive to use in biogas production. But due to the product
characteristics there are many practical issues causing logistics challenges. Biomass with
the high energy density in form of fat, have high melting points, often above 40 or 50
degrees, meaning solidification of biomass at lower temperatures are causing severe logistic
challenges.

These issue are so far a deal breaker for the business potential in large scale and across
longer distances, as the company have not established any solutions that are economically
viable nor practical do-able in large industrial scale yet. The transport scenario of the
standard solution is too expensive. Due to the product characteristics, more product
handling activities emerge and adds costs. The need for specific equipment and facilities to
handle these new product handling activities, leads to more man hours spend on processing



and loading. All together contributes to increased costs. The increased costs are becoming
a great barrier to develop the logistics network globally for these types of products. The
business potential falls short, as the standard transport solution does not fit this type of
products and as the same time is too expensive. Enabling the potential of the products
could support the circular principle of closing the loop, waste elimination, as well as
contribute to production of a green and renewable energy source.

1.3.4 Logistic Challenges

The characteristics of the biomasses characteristics will set requirements and limitations to
the way of transporting the masses. The logistic challenges for handling the temperature
sensitive biomass are related to containers and storage during transportation, transporta-
tion modes, handling and other product related activities; load, unload, heating, pumping,
and cleaning. The company has not yet succeeded to find a practically good and viable
solution that can handle large volumes. Skills among the 3PL partnerships are crucial for
functionality as new solutions can challenge the standardized solutions and cause increased
costs. General issues regarding where and how heating activities should be made, leads to
challenges regarding inventory and storage, as the plants once accepting a new substrate,
needs a stable flow to maintain the production. The plants need some consistency in
product flow as the digestion process needs time to adapt to changes in substrates. This
means that there either needs to be inventory at the plant or accuracy and timing in the
deliveries.

1.4 Problem Discussion and Problem Identification

This section provides a summary of the problem description above with the purpose of
framing the problem more specifically.

Analyzing how to improve viability of the CEBM via improved logistics and reduced
costs is important to exploit the full potential of the business case. Circularity of the
biomass supports the circular principle of closing the loop. As well the biomass is a link
to producing green and renewable energy, via the principle of energy recovery. Supporting
both these principles are seen as a strong incentives to investigate the underlying challenges
to promote this kind of sustainable circularity.

1.4.1 Costs and Economic Incentive

As the underlying problem currently is the cost barrier induced by requirements from
products, it is important to understand if a different design of logistic solutions for a
specific biomass will reduce the derived costs of logistics. Reducing costs is critical to
strengthen incentive and performance of circular business models, to optimally achieve
both objectives of sustainability, performance, and reduced costs. Cost discrepancies
between products and transportation is essential to overcome, but is challenging due to
the lower product price of by-products. Increased handling and new processes as well
contributes to increased costs that impacts the contribution margin negatively.

Many cost related barriers are related to unsuitable logistics solutions driving costs to
increase. Both structure of transporting networks, practical do-ability of handling the
biomass, inappropriate use of facilities, inventories, and resources, or unexplored logistics
solutions needs to be investigated. This in order to achieve 1) solving the practical issues of
the temperature sensitive mass making a viable and do-able business case, 2) reducing cost



directly via improved and better fit in logistics. It as well is important to understand how
general barriers in the logistics sectors can assists to overcome the case specific barriers.

1.4.2 Environmental Challenges

Focus mainly on cost improvements is more tangible, but it is important to highlight the
importance of as well investigating the influence on environmental and social aspects of
the solutions and business case. It is considered that both incentive and requirements
for reducing environmental impacts in a supply chain will only intensify. Therefore, the
environmental impact of the solutions needs to be evaluated.

1.4.3 Creating a viable business case

The biomass business potential in large volumes is great in Europe and even in Asia and
South America. But a barrier for exploiting the full potential is the product difficulties
and the economic barriers of transporting the mass. The company looks for solutions to
optimize the logistics for the temperature sensitive biomass with high gas potential. The
incentive to overcoming the barriers is large, as the business case has great potential.

1.5 Aim of the thesis

The high gas potential of this of biomass is unexploited and so far not successful, which
creates a great incentive to investigate this business case, emphasizing costs, practical
issues, and environmental impact of logistics.

The thesis aims specifically to discover the logistics barriers and potential for cost reduc-
tions in international physical distribution of biomass with high melting points for being
cascaded to biogas production. The aim is to propose a recommendation for logistics as-
pects of further improvement to reduce costs and create a viable business case. The aim
in a broader context is to cast light to the general innovation challenges that impacts the
logistics sector and inhibits radical improvements. The aim in this context is to apply the
specific business case to cast light to how to overcome these general sectorial barriers for
circular supply chains. Below in figure 1.2 overall aim of the thesis are summarized.
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Figure 1.2: The overall aim of the thesis. Own figure.




1.5.1 Research Problem

The problem framework leads to the research problem proposed below, and three support-
ing research questions;

How can logistic and cost barriers for circular supply chains be overcome to enable
viability and full potential of CEBMs?

1. What are the current possible logistics solutions for transporting and handling the
specific biomass and what are the costs?

2. Which aspects in the logistics are currently the greatest barriers and main cost
drivers?

3. What are the requirements to logistics to overcome the identified barriers and costs
drivers?

The issue is complex and impacted by many external and internal factors. As it is not
possible to embrace it all, restrictions, scoping and demarcation needs to be made. The
system demarcation for the thesis is discussed in the next section.

1.6 System Demarcation, Assumptions, and Limitations

Below in fig. 1.3 is an illustration of the project demarcation in four different levels is
illustrated. The demarcation is further elaborated below.
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Figure 1.3: Project demarcation.

The projects surrounding system is the society with an increasing focus on sustainabil-
ity and green transitioning of industries. Increased demand is together with increasing
legislation and requirements to sustainability, driving the sustainability agenda and green
transition forward, impacting not only how and what is produced but also with which
resources.

This thesis will investigate the provided business case of the company, and discover the
possibilities of enabling circular waste management of the specific product in a global scale.



The circular principle in the study is ’closing the loop’, via energy recovery with focus on
three business cases within the biogas sector of the company, that concerns logistics of
by-product biomasses with a melting point at 40-60 degrees Celsius. The biomasses are
imported from three origins globally to Denmark for biogas production. The productwise
challenges is more or less the same, but due to the different origins and respective case
requirements, there is small variations in the cases.

The area of intervention has two aspects; First, is the aspect of logistics drivers of trans-
portation, inventory, and facilities, in an overall supply chain strategic focus. Second,
is the dimension regarding monetary costs of logistics, from when the biomass is being
bought until it is ready to be pumped to the plants. Hence, costs associated to extraction
and handling of biomass before it is loaded, is not considered. Same goes for the other
end of the supply chain. The company itself is not in charge of production of the biomass
by-products, which brings a wide range of uncertainty that they are not in control of. The
uncertainty related to production sites variate from being internal production schedules
the suppliers supplier, markets in the origins of the main production, etc. These uncer-
tainties affecting production of the main production is considered out of the scope of the
thesis, but the uncertainty it brings needs to be considered. The demand side is in general
not considered but discussed. Same goes for external markets factors that could impact
the case. These are discussed, but not analysed in the logistics scenarios.

Product prices of the bio-masses are considered in a static matter, well-knowing that the
prices are fluctuating and will be dependent on many different market and political factors.
It is assumed that the prices will be attractive now and in the future and the demand
for these products with high gas potential will be high. This is not only because of the
product potential, but perhaps as well due to future legislation for circularity of resources,
as well as requirements to renewable fuels used in production as well.

Regarding legislation, regulations, and compliance, it is considered out of the scope for
this thesis. In general this type of by-product is considered a product and as non-ADR
(not dangerous waste), which means it does not need to comply to waste- specific compli-
ance and directives. Requirements directly from actors, like suppliers, shippers, logistics
providers and receivers are considered within the scope of the thesis. These factors men-
tioned above will not be within the scope of the analysis. Legislation both on the supplier
and demand side is considered out of the scope, although it is assumed that the product
demand will increase and that legislation potentially could impact both sides of the supply
chain.
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Chapter 2

Theory

This section will review relevant literature for the thesis in a broad and specific scope.
The literature will create foundation and framework for the further analysis.

2.1 Circular Economy

The concept of Circular economy (CE) has grown rapidly the last decade as a counter
economic structure to the so far dominating linear economy (Sassanelli et al. 2019). CE
is an economic system structured to reduce waste and pollution, with great emphasis on
resource efficiency (Vanhuyse 2023) and aims to reduce waste, extend product life cycles,
and regenerate natural resources by designing products and processes that are restorative
and regenerative (Zhang et al. 2023). CE concepts strive to liberate from the common
linear perspective and decouple economic growth from resource depletion (Walzberg et
al. 2021). The Ellen MacArthur foundation (Ellen McArhtur Foundation n.d.) develops
state-of-the-art knowledge and research within CE with the entry point that resources are
finite. According to the foundation the overhead principles of CE is as follows;

1. Eliminate waste and pollution: This principle aim



