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ABSTRACT: 
The main aim of this dissertation was to create effective and budget friendly vehicle routes for 
the removal of animal byproducts which fall under the risk category one in response to the alle-
gation made by the European Free Trade and Association (EFTA) court on Iceland for not follow-
ing the protocols with regard to this matter. Furthermore, determining number of vehicles and 
finding the ideal location for factory set up were other main tasks in this research. In addition to 
this, primary research method was Open door logistics, a tool to create advance vehicle routing. 
The key methodology used was to create routed based on the one-day, two-day and three day-
demand. This was done by first calculating the cycle time. Thereafter, cycle time was used to 
calculate the visit frequency by utilizing the randbetween function in excel to have the demand 
specific routes. Thereafter, 40 different scenarios were listed based on demand, number of ve-
hicles, time limit within with each entire process should be finished and all scenarios were then 
simulated in ODL to test their feasibility. After running the simulation 7 scenarios were found 
out to be feasible which were then compared on the basis costs, vehicles used. However, since 
cost was most imperative key performance indicator the scenario with the least cost was se-
lected to be the optimal solution which came out be scenario 16. Thus, it was concluded that 
the operations should run every three days, with six vehicles in use, costing roughly around 
796,000 euros/year, whereas, Dysnes in the Northern Iceland was selected as the potential lo-
cation for the factory installation. 
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1 Introduction 

This dissertation highlights the logistics planning problem that GMM Finland faced in 

pursuing a circular economy for animal by-product collection in consultation with an 

Icelandic company for their logistics operations in Iceland. The project revolves around 

the circular economy model, which helps minimize the use of materials, reuse, and re-

cycle, reducing waste and environmental impacts (Skelton, 2013). Consequently, this re-

search is motivated by the need to enhance conventional waste systems by reducing 

their environmental impacts in animal by-product processing and handling. 

GMM Finland, a consulting group of Honkajoki Oy, is a pioneer in sustainable econ-

omy. As per Aho (2022), the company, which processes animal by-products, is a well-

known example of a sustainable business and a way of achieving zero waste by turning 

waste into goods. This research concerns the logistics consulting by GMM Finland with 

a local Icelandic company, covering the animal by-products picking up, transportation, 

and processing to improve efficiency and sustainability. 

The paper explores different planning scenarios for GMM Finland, which would make 

business processes easier, minimize environmental impact, and help to achieve a circu-

lar economy. An example of this problem and importance was the company's consulta-

tion with an Icelandic business on truck routing to establish sustainable collection routes 

for animal carcasses. Such collaboration is responsible for transporting high-risk animal 

by-products, e.g., category one, stressing the complexity of logistics planning in the face 

of tight legal and environmental requirements (Tapia et al., 2021). 

These researches aim to identify the most suitable logistics systems for the local com-

pany to use when transitioning towards a sustainable and regenerative business 

model. This research discusses the industrial and environmental implications of circular 

economy practice above GMM Finland's business advantages. The current dissertation 

offers momentum to an industry that is gaining more popularity in academia, i.e., sus-

tainable supply chain management and circular economy, which is done by unveiling the 

logistics planning scenarios and their challenges, opportunities, as well as the inferences 
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they have on companies that are transitioning to the sustainability front. Consequently, 

the research authors (Arora et al., 2021) claim that logistics planning is the fundamental 

stage in the circular economy, as demonstrated by the GMM Finland case. The objective 

of the research is to inspire and provoke other sectors to carry out similar initiatives, 

which will help achieve higher levels of resource use that is more conscious and energy 

efficient for environmental conservation. 

1.1 Research Background 

The circular economy (CE) is the model that highlights resource efficiency, the minimi-

zation of wastes, and a closed-loop production and consumption system instead of lin-

ear economic models. It has been determined in the research of Barros et al. (2021) that 

the historical way of doing things, which is "take-make-dispose" and has been embed-

ded into industrial operations for a long time, is ultimately the opposite of this princi-

ple. CE principles are that goods and resources should be used for as long as possible to 

exploit their maximum value, then recycled after use. 

Moreover, GMM Finland, a Finnish processor of animal by-products, is not just a player 

in the circular economy but a pioneer. It sees the circular economy as a significant and 

challenging gain (Saha et al., 2022). GMM Finland transforms animal by-products from 

slaughtering and processing industries into valuable materials for medicines, pet food, 

and energy, showcasing an innovative approach to waste management. As anticipated 

in Camilleri's (2020) study, the business, though specialized, plays a crucial role in waste 

management and processing. The firm is at the forefront of the circular economy by 

taking measures to eliminate waste and reuse resources. 

Therefore, Ciliberto et al. (2021) strongly recommended in their research that the com-

pany's contribution to the circular economy heavily relies on the collection, transporta-

tion, and processing of animal by-products. The role of logistics planning in this context 

cannot be overstated. It is about reducing costs and ensuring environmental conserva-

tion and safe and on-time delivery of raw materials (Reddy & Kumar, 2021). However, it 

is essential to note that implementation has challenges. These include following health 
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and safety protocols, dealing with high-risk cargo, and maximizing transit routes and 

processing capacities. 

GMM Finland collaborates with a local company to construct a factory and logistics for 

further product collection in Iceland, showing how logistics planning is essential to the 

circular economy (Orko et al., 2022). Iceland received criticism from the EFTA Surveil-

lance Authority and the EFTA Court for not respecting the animal by-product treatment 

duties as concluded in the EEA agreement. In addition to this, Dutta et al. (2021) have 

emphasized in their study that as a follow-up measure, the Icelandic government and 

GMM Finland are working on a satisfactory animal waste collecting system that is well 

coordinated, environmentally safe, and conforms to relevant standards, regulations, 

and guidelines. Thoughtful logistics planning is necessary for international compliance 

and sustainability of waste management, which this attempt could notice. 

Furthermore, this statement has been supported by Gupta and Singh (2021), who state 

that the logistics planning scenarios for the GMM Finland Company's circular economy 

approach to animal by-products are developed under environmental sustainability, legal 

compliance, and operational performance quality. The paper studies whether the com-

pany's logistics operations can be improved to contribute to the circular economy. This 

research focuses on carrying out the best material collection routes, appraising the con-

sequences of alternative production sites to animal waste, and deciding the optimal 

number of trucks for animal waste transportation. 

Moreover, some of the financial support is received from the global trend covering sus-

tainable supply chain management and the problems and opportunities facing GMM 

Finland (Nandi et al., 2020). Green initiatives and the incorporation of circular economy 

concepts into its business model are the company's core values and make it a promising 

candidate for researching circular economy logistics and supply chain management. The 

research on the utilization of animal by-products in Iceland brings its specificity due to 

the legal and regulatory issues on the subject. 
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The study is based on detailed research in modern literature on the supply chain man-

agement (SCM) methodology and its harmonization with the circular economy princi-

ples. It has been seen in the context of environmental and social performance that var-

ious SCM approaches like Green Supply Chain Management (GSCM), Sustainable Supply 

Chain Management (SSCM), and Closed-Loop Supply Chain Management (CLSCM) are 

explored; however, there is still a lack of integration with the circular economy objec-

tives in the literature. Through this study, one hopes to fill the gap between the current 

logistics planning mechanisms and the needs of a circular economy, which is especially 

important for the animal by-product industry, and the practical reality of GMM Finland. 

 

1.2 Research Objectives 

Logistics planning scenarios for processing and transferring animal by-products in a cir-

cular economy are critical for environmental sustainability, regulatory compliance, and 

operational efficiency. As per Mallick et al. (2023), society is the timing for the research 

as the circular economy model has become a widely applicable trend among global com-

panies. The model focuses on sustainable corporate practices. This study discloses GMM 

Oy's complex issues and advantages towards implementing circular economy concepts 

in logistics, particularly in Iceland's animal by-product collecting and processing. 

This study aims to pay attention to the circular economy as an innovative way for com-

panies around the globe to reduce the waste of resources and maximize the process of 

repurposing and recycling materials. Among important environmental sustainability is-

sues, one can point out animal by-product processing (Kouhizadeh et al., 2020). Consid-

ering word gathering, transferring, and recycling according to circular economy rules, 

one may practice this approach by other companies. Nevertheless, this study tries to 

optimize logistics planning and circular economy objectives by minimizing negative en-

vironmental impacts, improving resource productivity, and complying with the most 

stringent regulations. 
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GMM Finland, the Finnish company that has become known for its utilization of native 

animal waste, is the organization that started these endeavors. The organization's activ-

ities are a kind of menu that shows the problems and prospects of sustainable logis-

tics. The investigation of the collaboration between the Icelandic company and GMM 

Finland (Neto & Correia, 2019) denotes the organization's strife in achieving operational 

efficiency and environmental policy. This agreement was made to provide a logistics 

base that would be convenient for implementing risk category one animal by-products 

by the guidelines set by the Icelandic Ministry of Food, Environment, Energy, and Nature 

(Hazen et al., 2021). 

This study is based on the idea that the combined use of transportation routes and lo-

gistics with the circular economy goal can be a factor that accelerates the rate at which 

the circular economy advances. This research will evaluate logistics planning options in 

terms of their success in reducing carbon footprint, fuel usage, and emissions connected 

with logistics operations and their compliance with local and international environmen-

tal regulations. This study quantitatively measures logistics scenarios using analysis 

methods, including truck loading capacity, route efficiency, fuel pricing, and collection 

point time. 

The operational advantages of GMM Finland are the benefit of this research and the 

whole topic. It contributes to the discourse on sustainability logistics and circular econ-

omy, offering policymakers, industry insiders, and academics all the required infor-

mation. The study implies that logistics innovations can be responsible for curbing envi-

ronmental degradation and improving operational efficiency by incorporating animal 

by-products in a cyclical model. In conclusion, this study analyses logistics planning sce-

narios for GMM Finland to achieve a circular economy in animal by-products by critically 

examining sustainable business practices, environmental legislation, and logistical effi-

ciency. The research uses GMM Finland's Iceland operations to determine the best lo-

gistics techniques for a circular economy. This project might boost GMM Finland's sus-

tainability and help the world manage resources more responsibly.  
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This research analyzes and optimizes logistics planning scenarios for GMM Finland, ex-

plicitly focusing on collecting and transporting animal by-products. One research ques-

tion: How does the logistics analysis of raw material collection influence the decision-

making process for selecting alternative locations for the factory setup? Determining the 

number of trucks required for the efficient and sustainable collection of animal remains 

and finding the optimal route for collection are other crucial aspects of this research. 

1.3  Research Significance 

The significance of the research on analyzing logistics planning scenarios for GMM Fin-

land to advance towards a circular economy in managing animal by-products extends 

across multiple dimensions of environmental sustainability, operational efficiency, and 

regulatory compliance. It is based on the fact that industries must transition towards 

implementing a circular economy that mainly emphasizes recycling and re-using re-

sources, thus minimizing waste and environmental impact. GMM Finland, the company 

leading in the animal by-product processing area, is demonstrably a business that can 

combine logistics operations with a circular economy approach (Gusmerotti et al., 2019). 

Moreover, this study is undoubtedly crucial to sustainable supply chain management 

research. It deeply covers the issues of gathering sources of animal byproducts and their 

transportation, which are vital in the circular economy. However, academic research has 

not adequately covered this topic. This research deals with raw materials collection lo-

gistics and manufacturing site strategy. The aim is to contribute to the dialogue on lo-

gistics’ role in sustainability. 

The study by Rajput and Singh (2022) anticipated that the correct number of trucks that 

collect and transport animal wastes would influence GMM Finland's operating costs and 

environmental impact. Hence, this result is significant for global efforts to cut green-

house gas emissions and switch to more sustainable production and consumption sys-

tems. Such research may enable GMM Finland and its peers to increase logistics effec-

tiveness and eco-friendliness.  
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It guides policymaking and also forms the foundation of academic and industrial prac-

tice. Research outcomes can provide policymakers and managers with the necessary 

recommendations for implementing the circular economy animal by-product manage-

ment, mainly focusing on the logistical aspects. This is the case in Iceland, where GMM 

Finland actively engages in the development of a local economy as well as partnerships 

with local companies to navigate through complex regulations (Fitch-Roy et al., 2021). 

Other firms may be motivated by the research's circular economy goals and incorporate 

such goals into their processes. The logistics planning scenarios will be analyzed in 

depth. The understanding generated from those analyses will be helpful in other sce-

narios. This will pave the way to sustainability in sectors across the board. Savini (2019) 

says it cooperates with sustainable initiatives by showing how logistics innovations are 

helpful and have applications in building a circular and resilient economy. 
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2 Literature Review 

 

2.1 Circular Economy and its Relation with Logistics 

The circular economy (CE) is an innovative economic model designed to replace the tra-

ditional linear economy's "take-make-dispose" approach with one that is regenerative 

by design (MahmoumGonbadi et al., 2021). One might be unable to recapture all the 

value from products, materials, and resources. However, one would design a system 

that enables prolonged life, reuse, refurbishment, remanufacturing, and recycling of 

products and materials. It is predicted by the studies of Immonen (2022) that the circular 

economy of economy focuses on the reduction of waste and the continuous use of re-

sources. This, in turn, aims at achieving economic growth while maintaining the limits of 

natural resources. 

Logistics, as a critical determinant of the circular economy, ensures the efficiency and 

sustainability of the movement of goods (Lahane et al., 2021). This includes planned and 

performed activities to transport and store goods, services, related information, and 

commodities from the point of origin to the point of consumption, meeting customer 

requirements. Kyriakopoulos (2021) further emphasizes the role of logistics in linking 

supply chain components, optimizing resource use, and reducing waste, underscoring 

the significance of the audience's work in this field. 

The relationship between logistics and circular economy is undeniable, and the two are 

deeply intertwined. To achieve a circular economy, logistics systems must be molded to 

accommodate the reverse flow of resources through the supply chain (Kouhizadeh et 

al., 2020). It means repurposing used products for repair, refabrication, or recycling; 

then, it ensures their distribution to the people in need. According to the Ellen MacAr-

thur Foundation, which is involved in innovations regarding the circular economy, re-

sources and waste are designed at the logistic level, and goods are kept in use for a 

longer time while natural systems are regenerated. In their study, Liu et al. (2022) 
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suggest that animal by-product processor GMM Finland profits from the circular econ-

omy but also faces the same pursuit. 

Therefore, the logistics department of GMM Finland should include these difficulties in 

planning the circular economy based on by-products from animals. In this paper by the 

team of Mallick (2023), it is seen that the ABPs are divided, and the distance they travel 

is increased until the market as they are transported from one processing plant to an-

other. This is a problem. The circular economy model comprises three phases, each de-

signed to reduce emissions, energy, and waste in general. Statistics show that the circu-

lar economy will be able to give in a lot. 

The Ellen MacArthur Foundation and McKinsey & Company report paints a promising 

picture of the circular economy, indicating its potential to reduce material costs by €1.8 

trillion. Simultaneously, it is projected to generate €0.9 trillion in new business revenues 

in Europe by 2030 (Gusmerotti et al., 2019). This optimistic outlook underscores the im-

portance of logistics in realizing these benefits. Through effective logistic planning, 

GMM Ltd. could significantly reduce the transportation and processing cost of animal 

by-products, with a primary focus on environmental impact. 

A circular economy approach, the main component of an environment-friendly econ-

omy, stipulates resource efficiency and waste reduction. Referring to the UNEP report, 

Oliveira Neto and Correia (2019), applying circular economy guidelines could bring up to 

45% emission reductions by 2050. The supply chain management optimization of GMM 

Finland not only has its environmental targets but also allows the company to be a part 

of the global climate change initiatives. Logistics, which are at the backbone, will assist 

with the set objectives. For example, GMM Finland demonstrated the collection, trans-

portation, and processing of animal by-products, which had very challenging logistics 

scenarios. They were dealing with collecting, transporting, and processing these mate-

rials sustainably, environment-friendly, and efficiency-oriented (Fitch-Roy et al., 2021). 
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2.2 Importance of Logistics Analysis for Companies 

 

Logistics analysis is the most crucial element of present-time business operations, and 

business must be run under a circular economy. The article considers the intricacy of 

logistics analysis in terms of the nature of the circular economy approach used by GMM 

Finland, referring to animal by-products. The paper by Rajput and Singh (2022) revealed 

that logistics analysis is the basis of supply chain management and evaluating and opti-

mizing flows from the origin to the consumer. The essential characteristic of a circular 

economy is the recycling and reuse of the materials for which the resources used are 

sustainable and renewable. 

Furthermore, logistics become more challenging when it comes to waste management 

by animal by-product processing plants such as GMM Finland because there is more 

waste to be transported and disposed of in a way that is friendly to the environment. 

The enterprise's ambition to change animal by-products into valuable solutions for var-

ious market segments coincides with the circular economy principles and thus highlights 

the demand for sustainable logistics planning (Do et al., 2021). Circular economy ideol-

ogy is designed to eliminate waste and pollution, reuse resources, and renew natural 

systems. This requires a logistics structure that is efficient, sustainable, and resource-

conserving. 

In this case, logistics analysis becomes more than just the shipment of goods. It thor-

oughly evaluates the supply chain to pinpoint the bottlenecks, inefficiencies, and im-

provement opportunities. Ripanti and Tjahjono (2019) have argued in their study that 

GMM Finland might look at animal by-product collection routes to lessen fuel use and 

CO2 emissions and improve environmental sustainability. According to the Ellen MacAr-

thur Foundation, by practicing circular economy practices, greenhouse emissions can be 

reduced by 45% in specific industries, showcasing the environmental role of logistics 

planning.  
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Logistics analysis also assists in choosing processing facility sites. Companies can reduce 

transit costs and time by placing these facilities near source points or markets, which is 

helpful for supply chain efficiency (Chen et al., 2022). This is very important for GMM 

Finland since choosing a new processing facility in Iceland involves numerous issues, in-

cluding the location of the collecting sites, compliance with the regulations, and social 

effects. Scheduling of logistics analysis should also determine the fleet size and timing 

for animal by-product collection and transfer. To be more specific, Savini's (2019) re-

search reported that it is necessary to run through complicated computations, walking 

a tightrope between the size of the fleet and quick collection and delivery. Thus, this is 

likely due to high prices, environmental problems, and disobeying regulations. 

The performance of an organization can be increased with this possible logistic system 

as operational efficiency, cost savings, and environmental sustainability will increase, 

hence its support for the circular economy (Cao et al., 2021). In the business case of 

GMM Finland, the use of alternative fuels and complex route algorithms as a new solu-

tion that can be used for saving both economically and sustainably and increase effi-

ciency is addressed. In Vege's words (2020), systems like route optimization and real-

time tracking of vehicles will be the means to that end. Logistic analysis occupies a primal 

place in GMM Finland that will create a circular economy of animal by-products since it 

reveals how by-product reuse is to be introduced. This includes route optimization, fa-

cility placement planning, fleet management, and technology integration services. Lo-

gistics analysis is one of the instruments and the means to deliver efficiency in operation, 

economy related to the cost, and environmental protection that assures a circular econ-

omy (Braz & de Mello, 2022). Firms struggling with logistics management and focusing 

on sustainability need detailed analysis techniques; otherwise, they may close down 

their businesses. 
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2.3 Vehicle Routing and Transportation 

The provision of transport services is a vital aspect of logistics, and vehicle routing allows 

businesses to plan their supply routes predictably and reliably. Using this driver, the 

roads set for trucks are reorganized, which eventually leads to fuel savings and opera-

tional cost reduction. At the same time, these routes satisfy service-level agreements 

and the norms of environmental sustainability. In the article, Aho (2022) introduces a 

Finnish company named GMM Finland that recycles animal remains. The company in 

question uses progressive vehicle routing and transportation techniques because of the 

two facts. Namely, they care about both environmental and logistic issues. 

The circular economy will provide a viable option for advancing sustainable social devel-

opment. The term alludes to progressively disentangling economic activity from the lim-

ited availability of resources and eliminating waste along the process. Renewable energy 

supports the circular economy model, which is based on the development of the econ-

omy, environment, and society (Bal & Badurdeen, 2020). The paradigm of the circular 

economy supports this model. This economic model relies on efficient logistical technol-

ogies, including route optimization and transportation, that make it possible to finish 

the recycling, remanufacturing, and reuse processes from beginning to end, ultimately 

resulting in the conservation of the environment. 

In addition, the article by Arora et al. (2021) shows that GMM Finland must have effi-

cient logistics. It should collect the animal by-products from diverse areas and then de-

liver them to the processing facilities to be turned into valuable products. Further-

more, ill-treatment or any delay may lead to poorer quality of by-products and can cause 

health and environmental issues that necessitate planning and execution to be done 

correctly. To ensure conformity with the animal by-product transportation regulation, 

sophisticated trucks, and enclosure systems are required to avoid contamination and 

make compliance even more complex.  

This refers to vehicle routing as a strategic point in that it is essential in strategic terms 

(Ali, 2019). Vehicle routing reduces fuel consumption and CO2 emission by shortening 
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the collection distances and time. This is significant because of the global effort to re-

duce CO2 emissions by attempting to limit the transportation sector, which has become 

a significant contributor. The efficiency of routes that the vehicle takes leads to reduced 

operations costs like vehicle maintenance, fuel consumption, and drivers' hours, which 

in turn increases the company's profitability.  

Barros et al. (2021) also discovered that TMS with real-time data analytics and GPS mon-

itoring may help improve route efficiency. Using these technologies, GMM Finland can 

respond to traffic, truck breakdowns, or schedule changes by dynamically adjusting 

routes. Hence, by-product handling is one of the most efficient. Route planning and 

transportation is not just a logistics issue but also an intricate part of animal by-products' 

circular economy. The field of green logistics is environmental stewardship (Tapia et al., 

2021). Using data analytics for route optimization can dramatically cut fuel use by re-

ducing atmospheric gas emissions. Strategic vehicle selection, which considers load ca-

pacity, fuel economy, and emissions standards, is an excellent example of how logistics 

can become more sustainable. 

Nevertheless, successful vehicle routing and transport systems take work to put in 

place. Camilleri (2020) stresses that it is a profound knowledge of animal by-product 

collecting, handling, transportation, and the ability to use technology. Logistic and envi-

ronmental factors continuously change, which necessitates continuous development 

and innovation. In the end, the logistics strategy of GMM Finland in creating a circular 

economy of animal by-products is based on vehicle routing and transportation. These 

concepts can increase the effectiveness of operation, affordability, and environmental 

sustainability for the organization. These above logistics aspects are equally crucial for 

transforming into a green and circular economic model, thereby showing the signifi-

cance of research, development, and implementation of innovative logistics solutions 

(Saha et al., 2022). 
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2.4 Factors Affecting Vehicle Routing 

Logistics and supply chain management determines the best plan to deliver commodi-

ties on trucks over a well-coordinated route. Ciliberto et al. (2021) have stated that there 

is a chain of related elements and efficiencies in international trading, which makes it a 

highly complex process. Being well-acquainted with such features allows GMM Finland, 

a company devoted to recycling animal by-products into a valuable resource, to fulfill 

the idea of a circular economy (Reddy & Kumar, 2021). This research investigates the 

impact of vehicle load factor, fuelling costs, and collection point time on vehicle routing, 

which relates to GMM Finland's collection and recycling of animal by-products. 

Vehicle loading capacity is of great importance for transportation logistics efficiency. Ca-

pacity determines how many goods can be transported per trip, how many trips are 

needed, when the cost is growing logistically, and the carbon footprint size (Orko et al., 

2022). GMM Finland has to be keen on creating maximum loading capacity so that the 

number of trips to pick up animal by-products from varied sources is reduced. On the 

other hand, it has been argued in the study of Dutta et al. (2021) that optimal use of 

vehicles leads to fewer trips and fuel consumption and emissions, which in turn allows 

improvements in logistics sustainability, a vital feature of the circular economy. Over-

loading will end up in vehicles wearing out and may violate traffic rules, whereas under-

loading makes transport inefficient and causes an increase in per-unit transportation 

costs. 

Besides, the route is closely connected to fuel prices. In their research, Gupta and Singh 

(2021) identified that fuel prices may abruptly affect transportation logistics costs. Cre-

ate your journey to success and reach your financial goals with the power of a personal 

loan from a trusted lending institution. GMM Finland has to fetch and ship animal by-

products over more considerable distances and, therefore, will have higher fuel costs 

that might make the profitability low (Nandi et al., 2020). On this basis, organizations 

must plan their routes to minimize extra trips and fuel use unnecessarily.  
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Advanced algorithms that analyze gasoline prices in real time and suggest cheaper 

routes may, in turn, decrease fuel consumption. Haezendonck and Van den Berghe 

(2020) also claim that using fuel-efficient or alternative-fuel cars will reduce the quantity 

of fossil fuel utilization and the environmental impact, an essential element of the circu-

lar economy. 

Making up vehicle routes entails also taking the time to collect points into considera-

tion. It has been anticipated in the study of Immonen (2022) that the effectiveness of 

transportation is directly determined by loading and unloading time, which is a crucial 

factor. To optimize collection efficiency, the odors from the animal by-product logistics 

of GMM Finland should be minimized. Frozen transport times can add to the number of 

idle hours per vehicle, increase fuel consumption, and reduce daily capacity, affecting 

the network's carbon footprint and efficiency (MahmoumGonbadi et al., 2021). Efficient 

schedule, loading, and way too endless training of collection point staff can be a solution 

to getting rid of the delays and ensuring trucks stay as little time as possible at every 

stop and keep the schedule in good shape. 

In a nutshell, the vehicle loading capability, fuel cost, and the collecting point time can 

be examples to show the complexity of circular economy vehicle routing. On the other 

hand, Kyriakopoulos (2021) says that the biggest challenge that GMM Finland has to 

overcome to take on animal by-product logistics in an environmentally sustainable man-

ner is overcoming the mentioned obstacles. As the company aims to successfully align 

with the circular economy concept, logistics planning, and optimization turn out to be 

even more than crucial. Telematics, in turn, can be used for vehicle tracking in real-time, 

in addition to route optimization, which considers traffic and fuel prices. Furthermore, 

algorithms will be developed for the circular logistics economy based on optimizing 

these (Lahane et al., 2021). 

This method also achieves the objectives of decreasing waste, reducing the negative en-

vironmental impact, and getting more value from secondary products. To bring this dis-

cussion to a close, we must admit that choosing an efficient transportation routing 
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system and synchronizing the circular economy for GMM Finland is difficult since it in-

cludes many intertwined aspects. Also, this statement has been proved by Liu et al. 

(2022) that one needs a strategic plan that combines technological innovation with sus-

tainable management to achieve the optimal balance between sustainability and envi-

ronmental concerns, as well as logistics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

3 Research Methodology 

This study aimed to analyze and develop the potential vehicle routes for animal carcass 

removal in Iceland. The primary method employed in this study was to examine different 

farm locations in Iceland, including data regarding which was shared by the company, 

including the coordinates, number, and type of each animal on a specific farm. The 

missing coordinates were found with the help of Google Maps.  

 

3.1 Open Door Logistics 

 

The main tool used for vehicle routing was Open Door Logistics. ODL Studio is a free and 

open-source vehicle planning, territory mapping, and scheduling software. Furthermore, 

the application can generate delivery or pick-up routes, view locations on a map, and 

design sale territories. The workings of the ODL studio are quite simple and easy to 

comprehend. This study required three main components or input data tables to 

implement vehicle routing functions in open-door logistics. The first step was to create 

the stops table where the locations required to be delivered or pick-up points were listed 

with their respective quantities and coordinates. 

 

 

Figure 3.1 Explains the stops table for the route designed for picking up animal carcasses in some farms 

 

Figure 3.1 shows the stop table required and necessary data inputs. ID was a unique stop 

ID given to each location in the software that needed to be served. The type also signifies 

the job category: delivery or pick up. Since this study requires picking up farm animal 
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waste, the type is P. On the other hand, if the job requires delivery, the type becomes D. 

Furthermore, the name column shows different locations that need to be served along 

with latitude and longitudinal values, which are imperative for the vehicle, and shows 

map components to run. 

 

 

Figure 3.2 Demonstrates the location of 200 estates needed to be served. 

 

Figure 3.2 signifies the workings of the show map component and geocoding of Open-

door logistics, which was imperative for vehicle routing. Figure 3.1 also shows the time 

taken to serve each location, start and end time, and quantities required to be picked 

up from each farm. In addition to the stops table, the vehicle table was necessary to give 

input to the software about the number of vehicles available and the quantity of each 

vehicle. 



23 

 

Figure 3.3 depicts the vehicle table used for vehicle routing for all the routes. 

Figure 3.3 shows input values for the vehicle table used for vehicle routing. The first and 

second columns show the unique ID given to each vehicle. In addition, each vehicle's 

start and end coordinates are also mentioned. In this case, the factory location was 

Dysnes, Iceland, so each vehicle's coordinates of Dysnes were used as starting and end-

ing points. The table also shows the number of vehicles available, which is 10, and the 

capacity of each vehicle is 10 tons. Lastly, the stop order table was generated after im-

plementing the vehicle routing function. Thus, the software created the stop order table 

after optimization.  

 

Figure 3.4 illustrates that the stop order for Route 1 
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Figure 3.4 shows the stop order table after optimization. The software automatically 

generates the order in which stops will be served during operations and which vehicle 

number will be used to serve that particular stop. Another core step was creating a script 

to produce the desired road network maps with a clear routing direction. The first step 

in creating a script was to call the vehicle routing function in ODL and select the correct 

quantity type, which was one in this case. Furthermore, the stops and vehicle tables 

were provided as the input data. Another crucial step in creating the script was to select 

the digital road network graph instead of map dots to have clear routings. 

 

 

Figure 3.5 depicts the difference between digital road networks and map dot routings. 

 

 

 

Figure 3.6 depicts the javascript required to use the road network graph.      
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Figure 3.5 clearly shows that the digit road network on the right showed a much clearer 

picture of the routes instead of map dots. Moreover, using the digital road network re-

quires creating a Java script and downloading the pb extension file for Iceland, free to 

download from the software website. In addition, Open Door Logistics used the grass-

hopper function for geocoding and routing, which was again available on the software 

website for download. Figure 3.6 shows the creation of a JavaScript called the grasshop-

per function, the final step in creating a script for the routing. Figure 3.6 shows the steps 

in writing JavaScript. First and foremost, the grasshopper function was called from the 

directory where the file was stored. The next step was to call the Iceland file and initiate 

Java to read the OSM reader. 

3.2 Calculation of quantities and obtaining random routes based on de-

mand 

There were approximately 1310 unique farm locations that were required to be covered. 

Moreover, there were six animal types on these farms which were Poultry, Horses, Pigs, 

Bovine, Sheep, and Mink. Apart from this weight of poultry was 3 Kg, Horse was 375 Kg, 

Pigs was 125 Kg, Bovine was 425 Kg, Sheep was 60 Kg and Minks was 1 Kg. Thus, in total, 

there were 768,947 poultry, 1683 Horses, 40,122 Pigs, 331,220 Sheep, 36,019 Bovines, 

and 9357 Minks across all farms. In the next step, calculating the correct quantities for 

each farm location was crucial to producing optimal and cost-effective routes. The main 

logic behind calculating the quantities was figuring out how many animals died on each 

farm for a year. Thus, according to statistics provided by the company, 2% of animals 

were estimated to die on each farm. However, for poultry, the average deaths for the 

entire year were 1.5%, and for sheep, 2.3% for the whole year. Figure 3.8 shows the 

animal distribution in some of the farms, and according to it, Teigur has 1335 pigs in the 

entire estate. Thus, using the above statistic, 2% of the pigs will die for the whole year, 

which was 26.7. Moving forward, the next step was to convert the number of animals 

dying to kilograms to get the demand for animal carcasses removed for the whole year. 

Figure 3.7, shows the general formula to calculate the daily demand for each farm. 
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Hence, the number of animals dying on each farm was multiplied by the weight of the 

animal dying. For example, 26.7 pigs will die in Teigur for an entire year, and to convert 

this into kilograms, the value was multiplied by the animal's weight, which was 125 KG 

for pigs. Thus, the amount to be picked up from Teigur was 3337.5 Kilograms for the 

entire year. Furthermore, the year can be divided by 365 to get daily demand. 

 

𝑄 =
𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑎𝑛𝑖𝑛𝑎𝑙 𝑑𝑦𝑖𝑛𝑔 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑛𝑖𝑚𝑎𝑙 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑓𝑎𝑟𝑚 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡 

365
 

Figure 3.7 depicts the formula for calculating quantities for all animal types. 

 

 

 

 

Figure 3.8 denotes the Excel file denoting each estate's type and number of animals. 
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The next step was to create random routes based on whether collection would be done 

based on one-day, two-day, or three-day demand to create optimal logical and cost-

effective routes. Since the demand for some farms was relatively low, covering entire 

estates by one route was impractical. In addition, manually picking up the estates was 

impractical; therefore, the classification of estates was imperative to produce the de-

sired outcomes. Thus, to overcome this obstacle, calculating cycle time was crucial to 

determine the optimal routes. Cycle time can be defined as the time taken for the animal 

to die in each farm. This was calculated by the formula shown the Figure 3.9. 

𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 =
1

𝑑𝑎𝑖𝑙𝑦 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑐𝑎𝑟𝑐𝑎𝑠𝑠𝑒𝑠
 

Figure 3.9 depicts the calculation of the cycle time of one animal dying on each farm. 

 

 

Figure 3.10 exemplify the calculation of the probability of one animal dying on each farm. 

As mentioned earlier, manually picking up the farms was cumbersome and ineffective. 

Thus, by utilizing the randbetween function on cycle time we were able to calculate visit 

frequency which showed how many times each farm must be visited during the entire 

year as seen in Figure 3.10. Randbetween is a function in Excel used to get a random 

integer between two specific values. The visit frequency was then used to segregate the 

farms and create routes, based on whether we planned to run the collection daily, after 
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two days, or after three days. To exemplify, farms with a visit frequency of one were 

categorized in route for daily operations. This step was repeated until all stops were 

categorized into their respective routes, demonstrating the accuracy of our approach as 

seen in Figure 3.11. 

 

Figure 3.11 depicts the randbetween usage to calculate each farm's visit frequency. 

 

The last step was to create different scenarios based on certain constraints to test their 

feasibility that is whether we were able to cover the entire stops in one particular sce-

nario. Adding further, constraints were several trucks to be used and, the time limit 

within which the farms could be served was either from 6:00 a.m. to 9:00 p.m. or 9:00 

a.m. to 5:00 p.m., whereas the number of trucks can be from anywhere between 2 to 

10. Apart from these two, the other constraint was whether we are serving the stops 

daily, with a two-day demand or a three-day demand since the maximum time we can 

allow the carcasses in the open was three days. Hence, considering all these factors a 

total of 40 scenarios were obtained which can be seen in Figure 3.12. 
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Figure 3.12 depicts the constraints for each scenario and the number of stops to be covered 
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4. Results 

A total of 40 scenarios were obtained by randomly segregating the pick-up points. More-

over, 18 scenarios had a two-day demand, and another 18 had a three-day demand, 

whereas the rest had a one-day demand. In addition, the scenarios were then further 

distinguished based on the number of vehicles used and the time within which each 

route should be completed. Further, each stop and vehicle table was created for each 

scenario in ODL based on the constraints defined in Figure 3.12. To exemplify, scenario 

16 had a three-day demand with eight trucks available to serve the stops, and the time 

within which the entire route should be completed was 6:00 a.m. to 9:00 p.m... Based 

on the above constraints, inputs were created in stops and vehicle tables, which can be 

seen in Figures 4.1 and 4.2. 

 

Figure 4.1 denotes the stops input table for scenario 1 
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   Figure 4.2 demonstrates the vehicle input table for scenario 1 

 

 

 

The above step was repeated for each scenario to test their feasibility and whether it 

was possible to serve all the stops in one scenario within the set constraints. Then, all 

input tables were simulated in the ODL to get possible feasible scenarios, which were 7 

out of 40. Figure 4.3 shows all the feasible scenarios where all the stops were served 

within time and vehicle limits, scenarios 7,8,9,16,17,18 and 37, respectively. 

 

Figure 4.3 explains all the feasible solutions out of 40 

 

Then, to get the best possible scenario, all the feasible solutions were compared based 

on the set: the lowest cost which amounted to 2 euros/Km which means for every kilo-

meter run the incurred was 2 euros, fastest time, most stops covered, and a minimum 

number of vehicles used. Figure 4.4 shows the statistics for all KPIs set concerning the 

feasible scenarios. To elaborate further, scenario seven only required four vehicles out 

of 8 available; the distance traveled was 3326.826 km; time taken was roughly around 

13 hours, and the cost was 6,653.652 euros per operation cycle with the yearly cost of 

798,438.24 euros. Figure 4.5 shows the route for scenario 7. 
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Figure 4.4 depicts the distance, costs (per operation, monthly and yearly), vehicles used, and time taken 

for each feasible scenario. 

 

 

Figure 4.5 demonstrates the route for scenario 7. 

 

 

 

Similarly, Scenario 8 required five vehicles to cover 4657.981 km in 13:36 hours, esti-

mated to cost 1,117,915.44 for the year. In Scenario 9, only six vehicles were required to 

cover 4996.514 km in 13:10 hours, roughly 1,199,101.68 euros annually. Figures 4.6 and 

4.7 show the routings for scenarios 8 and 9. 
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Figure 4.6 depicts the vehicle routing for scenario 8, covering 25 stops. 

 

 

Figure 4.7 depicts routing for scenario 9, serving 25 pick-up locations. 

 

 

Analyzing further, scenario 16 had 29 stops covered by six vehicles, and the distance 

traveled was around 4740.652 km, costing 796,429.536 euros yearly. In contrast, scenar-

ios 17 and 18 also had 29 stops to be covered, with 4876.237 km traveled by six trucks 

in both scenarios. Moreover, the cost for both of them was 819,207.816 euros annually. 

Apart from these, scenario 37 shows that to cover the stops daily, the required number 
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of trucks was 7, and the distance traveled to cover all the stops was 5840.513 km. More-

over, the daily cost of running the operations was 4,205,169.36. 

 

Figure 4.8 illustrates the routing for scenario 16 

 

Figure 4.9 depicts the routing for scenario 17 
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Figure 4.10 illustrates the routing for scenario 18 

 

Figure 4.11 depicts the routing for scenario 37 

 

However, cost was the most critical factor in selecting one scenario from the feasible 

solutions. Scenario 16 had the lowest possible cost of around 796,429.536 euros yearly. 

Hence, Scenario 16 has a three-day demand with an approximate quantity of 2465 Kg to 

be removed from 29 stops with 6 vehicles in use per operation. 
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5 Discussion 

 

The main aim of this thesis was to create optimized logistics routes for the collection of 

animal carcasses in Iceland adhering to the circular economy principles promoting effi-

ciency and sustainability.  Apart from this, keeping the cost for the entire operation to a 

minimum, determining the number of vehicles required to cover all 1310 farms across 

Iceland efficiently. Moreover, comparing different locations for the factory set was also 

crucial to creating optimal routes to cover and remove animal carcasses, thus, prevent-

ing the mixing of materials that are hazardous to the environment.  

 

Our results clearly show the optimum collection process, that is covering the entire stop 

with minimum costs while also ascertaining the number of vehicles required to carry out 

the process. Moreover, our recommendation was to carry out the collection operations 

every three days, since it was more budget-friendly, whereas, it was also feasible to carry 

out the operations daily, however, due to the significantly high cost of operations which 

amounted to 4.25 million euros with 7 vehicles required at the disposal to implement 

the process. In contrast, if we carried out the process every three days, with 6 vehicles 

in use which cost approximately 796,000 euros for the whole year. Thus, it was more 

practical to follow a three-day pattern which not only was cost effective but also re-

quired one less vehicle in the process. In addition, it was also feasible to follow a two-

day pattern with four vehicles in use, which amounted to 798,000 euros, slightly higher 

than the three-day pattern discussed earlier. Hence, the most optimal way to implement 

the complete logistics process was to follow a three-day demand pattern with 6 vehicles 

in use and the time of the collection process from 6:00 a.m. to 9:00 p.m. for a single 

operational cycle. 

 

Lastly, finding out the location of the factory set up where the processing of material 

would take place was another objective of this dissertation. Dysnes Harbour site, in the 

North of Iceland about 15 km from Akureyri, was selected as the prime location for the 

factory setup due to its accessibility. Moreover, Dysnes is a part of a green-field 
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industrial area in Northern Iceland which is being actively developed to promote various 

industrial sectors like mining, oil factories, and other research work to grow different 

industrial sectors in the region. Thus, Dysnes was ideally suited to be the location for the 

factory required to process the dead carcasses. Thus, in conclusion, this research was 

not only crucial in devising a cost-effective process, but it was also vital to remove animal 

by-products that are harmful to the environment by adhering to circular economics 

practices, thereby, improving sustainability. 
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