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Summary 
Nearly a decade ago, the waste management company Ragn-Sells expanded their core business to 
also include manned goods reception and internal logistics in commercial buildings. The 
incentive for the expansion came from the commercial building Gallerian, which during that time 
neither had manned goods reception nor centralized waste management, and offered Ragn-Sells 
to be in charge of combining these services. The service has since then spread to other 
commercial buildings in the Stockholm area but the progress have not been documented and 
followed up.  

The purpose with this study was to investigate the potential benefits, regarding process efficiency 
and environmental impact, that can be achieved when integrating and centralizing logistics and 
waste management operations in commercial buildings in Stockholm. The process was studied by 
investigating the service operated at Gallerian. Quantitative data was collected through structured 
observations while qualitative data was collected through observations and interviews with 
identified stakeholders. The data was used to model and simulate possible scenarios. The results 
show that the main benefit with the process is reduced queues, which further results in time 
savings and reduced emissions. When logistics and waste management are combined, the main 
identified benefit is the ability to streamline the process as the number of involved stakeholders is 
reduced. 
 

Key words: commercial building, waste management, goods reception, Lean, customer value, 
environmental objectives, city logistics  
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Sammanfattning 
För tio år sedan expanderade Ragn-Sells, ett svenskt företag inom avfallsbranschen, sin 
konceptlösning för kommersiella byggnader till att, förutom hantering av verksamhetsavfall, även 
innefatta godshantering. Drivkraften till expansionen grundade sig i att Gallerian, en kommersiell 
byggnad i Stockholm, akut behövde lösa den trängsel som uppstod vid deras, då obemannade, 
godsmottagning. Vid tidpunkten fanns inte heller någon centraliserad avfallshantering, även om 
sorteringsmöjligheter fanns. Ragn-Sells blev tillfrågade om de kunde kombinera sin 
avfallslösning med personal som även bemannade godsmottagningen. Konceptet påvisade goda 
resultat vad det gäller minskad trängsel och sedan dess har konceptet spridit sig till fler 
kommersiella fastigheter i Stockholmsområdet, men utvecklingen har varit odokumenterad och 
därmed svår att följa upp.  

Syftet med denna studie var därför att undersöka de potentiella fördelar som tjänsten, med 
centraliserad och integrerad avfalls- och godshantering, medför med fokus på miljöpåvekan och 
processoptimering i kommersiella fastigheter i Stockholm. Först kartlades den process som utgör 
konceptet i Gallerian. Kvantitativ data samlades in genom strukturerade observationer och 
kvalitativ information via dels observationer och dels via intervjuer med, av tjänsten, berörda 
parter. Insamlad data användes för simulering av möjliga alternativa scenarion, dvs. hur det 
skulle vara om tjänsten inte fanns. Resultaten visar att den främsta fördelen med processen är att 
den reducerar köer, vilket medför en reduktion av fordonsavgaser samt tidsbesparingar. Den 
främsta fördelen med att godsmottagning och avfallshantering är integrerat är att processen kan 
optimeras då aktörer med olika intressen reduceras. 

Nyckelord: Kommersiella byggnader, avfallshantering, godsmottagning, Lean, kundvärde, 
miljömål, logistik 
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1. Introduction 
This report is a master thesis conducted at the Royal Institute of Technology, KTH, the spring of 
2014, being the final phase of the engineering program Design and Product Realization. The 
authors of the thesis were undertaking two different master programs, Product Engineering and 
Management and Sustainable Technology, respectively. The thesis was made in cooperation with 
Ragn-Sells, a company within the waste management industry in Sweden. 

1.1 Background 
The World’s population is growing fast, and in 2050 it is estimated that the human population 
will reach 9.6 billion (United Nations, 2013). Though, the increase is not likely to be evenly 
distributed throughout the globe. In 2050 it has been estimated that 70% of the World’s 
population will live in urban areas, constricted to approximately one percent of the Earth’s total 
surface (Bretzke, 2013). Megacities with populations above 10 million, larger than many 
countries, are increasing in number (United Nations, 2010). Stockholm, Sweden, is definitely not 
an extreme case at a global scale but, according to the municipality of Stockholm, the city is 
growing with a busload of people each day (Stockholms Stad, 2014). 

As the population keeps growing in number, Stockholm will have to cope with the city’s capacity 
in several areas. The city center consists of narrow streets, which cause accessibility problems 
when the population density is increasing and pedestrians must share sparse area with passenger 
traffic and freight transports (Stockholms läns landsting, 2013). Old infrastructure and high 
traffic pressure have resulted in problems for delivery trucks, supplying the numerous stores and 
commercial buildings in Stockholm.  

Another parameter that is growing in Sweden, spurring on the congestion problematic, is the 
consumption per capita. According to national statistics consumption per capita has been growing 
steadily since 1993, with an exception 2009-2011 when the latest recession started (Statistics 
Sweden [Statistiska Centralbyrån], 2013). This has resulted in new shopping districts and ever 
more commercial buildings with an increased need for deliveries to cover supply demand. All in 
all, the growing population and their needs have resulted in an unsustainable traffic situation in 
Stockholm. Further on, traffic congestion is a cause of inefficiency that cost societies, including 
companies, both time and money. Also, besides costing money and wasting time, traffic 
congestion is also a cause for local pollution and contributes to global warming by vehicles 
emitting greenhouse gases, GHG, while queuing and idling. 

The above described issues surrounding commercial buildings in Stockholm became critical for 
one of the commercial buildings located in the city center, approximately 10 years ago. 
According to several involved stakeholders, the situation was so severe that delivery companies 
refused to supply the commercial building and its tenants with goods unless the congestion 
situation was eased. 
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The solution was that Ragn-Sells, a company managing waste streams and recycling areas in 
other commercial buildings, implemented their waste management solution and expanded it to 
also cover management of a manned goods reception. Since then, the service has been further 
streamlined, with development mainly controlled by customer demand, and it is now widely 
spread throughout Stockholm and its suburbs. In this report the described integrated and 
centralized service is what is referred to as “integrated and centralized logistics and waste 
management”. However, this service has not been fully investigated and the potential benefits it 
generates, besides soling the unsustainable situation and providing a business opportunity, has 
not been fully measured and documented, which brings us to the aim and objectives of the thesis.  

1.2  Aim 
The aim of this thesis is to investigate the potential benefits regarding process efficiency and 
environmental impact that can be achieved when integrating and centralizing logistics and waste 
management operations in commercial buildings in Stockholm.   

1.3 Objectives 
To fulfill the aim the following objectives will have to be met: 

• Identify the processes related to logistics and waste management for commercial 
buildings in Stockholm. 

• Identify the potential benefits of the service regarding efficiency and customer value as 
well as environmental impact in relation to the Swedish environmental objectives. 

• Assess the benefits by simulating, analyzing and comparing three scenarios: 
o Current state scenario. 
o Base scenarios, without centralized product logistics and waste management. 
o Optimal scenario, with integrated and centralized product logistics and waste 

management. 

1.4 Delimitations 
Both physical and temporal delimitations were recognised in the beginning of the thesis, and 
these are assessed and illustrated in this chapter.  

1.4.1 Physical delimitation 

The investigated process in this thesis is, in a macro perspective, a small part of a much larger 
supply chain. The incoming goods and outgoing waste only spend a short time, seen in a life 
cycle perspective, within the commercial building. The focus is on the internal flows and 
interactions within commercial buildings related to the integrated and centralized service 
investigated in this thesis. As seen in Figure 1, the commercial building is what marks the physical 
system boundary for the process.  
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Figure 1 A general and simplified illustration of the material and information flows related to internal logistics and 
waste management in commercial buildings. The dashed line marks the system boundary of the thesis, all flows 
beyond are disregarded. 

In this thesis a commercial building is considered a building consisting out of several smaller 
units that are cafés, restaurants, stores and offices. And, as illustrated, no consideration is taken to 
how the goods are handled before entering the goods reception or to what happens with the 
consumer goods if sold.  

The geographical area of the study is constricted to Stockholm. Though, the results may be 
applicable to other larger cities where the infrastructure and the laws and regulations regarding 
distribution and waste management are similar. The number of reference objects is constrained to 
one, Gallerian, located in the Stockholm city center.  

1.4.2 Temporal delimitation 

The timeframe of the thesis was 20 weeks, which limited the time and frequency of which 
observations could be made. Therefore, the results may not be representative for an average 
annual process impact and no attention was paid to any possible changes in order quantities, 
frequency of deliveries or waste returns. Also, the cost and social (work environment) aspect 
were only touched upon, and were not in focus in this thesis. 
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2. Methodology 
The methodology of the study was divided into two parts, one theoretical and one empirical. One 
of the cornerstones for a scientific approach is to provide new findings to the scientific body of 
knowledge (O´Leary, 2010). Therefore, the study began with an initial literature review, were the 
main purpose was to scout the scientific body of knowledge for similar studies and input from the 
research field. The literature review continued in parallel with the empirical study throughout the 
whole project. The purpose of the theoretical study was to get a deeper understanding of the 
scientific field studied as well as to support the analysis and conclusions drawn.  

Based on early findings in the theoretical study as well as unstructured observations, the 
empirical part of the study was developed. The purpose of the empirical study was to bring new 
and case specific findings to the field of research as well as fulfilling the objectives.    

2.1 Theoretical Study 
The theoretical framework in this thesis is based on a literature review with scientific books, 
articles, reports and jurisdiction as the main literature. Also the Swedish environmental protection 
agency [Naturvårdsverket] has been a major source for information regarding waste management 
in Sweden and the Swedish environmental objectives. The literature was obtained by scouting 
several Internet databases, such as Scopus, Google scholar and Primo (a search database provided 
by KTH library). Before the search a set of key words related to the subject was listed. Some of 
the used key words were “logistics”, “goods reception”, “waste management”, “supply chain”, 
“sustainability” and “material flow”. Bolean logic was used to form effective search terms that 
framed search hits with studies relevant for the research field.  

2.2 Empirical Study 
The empirical study, supported by the theoretical study that ran in parallel, aimed at mapping the 
current state process and by the aid of a simulation program attempt to assess the benefits of the 
service in regards of costumer value, process efficiency and environmental impact. The 
simulation of the flow of vehicles in Gallerian was based on data obtained through a week’s 
structured observation on site.  

To assess the benefits of the service, a number of base scenarios were created by changing inputs 
in the simulation of the current state. Besides simulations of possible base states, an optimal 
scenario was modelled, based on estimations of how the traffic flow could be affected if the 
service was further optimized.  The changes of the inputs to the simulated current state were 
supported by both structured and unstructured interviews as well as observations. For an 
overview of the methodology and inputs, see Figure 2. Following subchapters describe, more 
specifically, how the inputs were obtained 
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Figure 2 An overview of the methodology, showing the different phases and what inputs that were used when 
assessing them. 

2.2.1 Observations 

To identify the process related to logistics and waste management in commercial buildings in 
Stockholm, non-participant semi-structured, observations were conducted at an early stage at four 
commercial buildings in the Stockholm area: 

• Gallerian, located in the city centre with integrated and centralized internal logistics and 
waste management. 

• Liljeholmstorget Galleria, located within the Stockholm city area with integrated and 
centralized  internal logistics and waste management.  

• Bromma Blocks, located within Stockholm County with integrated and centralized 
internal logistics and waste management. 

• Täby Centrum, located within Stockholm County with centralized waste management and 
decentralized internal logistics.  

The commercial building chosen as reference for this study was Gallerian, since it was where the 
combined service was born and, therefore, has been running for the longest time. Also, the size 
and open layout of the area made it suitable for making observations of all vehicles entering and 
leaving. Gallerian was visited twice during the initial observations. Between the first and second 
visit to Gallerian unstructured observations were conducted at the other, above listed, 
commercial buildings with the purpose of investigating any potential deviation due to factors 
such as difference in architecture. As for the mall in Täby the main purpose was to see what an 
unmanned goods reception might look like. 
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At the first on-site visit at Gallerian, an afternoon in February, the foreman on site gave a guided 
tour showing the reception, the waste sorting rooms and the waste sorting central while 
explaining how the service worked. The second observation at Gallerian was made to confirm 
that the process had been mapped correctly. 

When the key activities had been identified, structured observations were conducted to measure 
parameters affecting the interactions between the identified activities, such as delivery/vehicle 
density, how long a delivery takes etc. The structured observations were made between 6.30 am, 
when the goods reception opened, and 12.00 am Monday to Friday in the beginning of Mars 2014 
(week 10). For complete observation protocol, see Appendix 1. The time for the structured 
observation was chosen partly due to a temporal aspect, related to the timeframe of the thesis, and 
partly due to information obtained during unstructured observations; that there is in general more 
traffic during mornings than in the afternoon. A few additional, unstructured observations were 
made afterwards in order to complete the mapping of the waste management operations. 

2.2.2 Simulations 

When the data that were acquired during the structured observations had been thoroughly 
analysed with statistical methods, the simulations of the six scenarios, base (four scenarios), 
current and optimal, were made. The simulation program used was ExtendSim, a software 
programme applicable for simulating material flows in industrial processes. The program was 
chosen because of its graphical attributes where the process visually can be built up.  

Several base states were modelled to see how the situation would be if the investigated service 
was not there to operate. An optimal state were also modelled to see what the benefits could be if 
the service was used to its full extent. Simulations were first made to model the current state, 
which were used as reference to interpret the results from the other simulated, base and optimal, 
scenarios. To reduce the risk of extreme simulation runs that may distort the results, the 
simulation was set to run for 500 times for all modelled scenarios. 

2.2.3 Interviews 

In order to confirm the results of the simulations, as well as obtaining a broader perspective of the 
service and its implications, interviews were conducted. The interviewed were representatives 
from the landlord companies, third party delivery companies and persons whom where around 
before the implementation of the service, see Table 1. The 3rd party delivery companies that were 
asked for an interview were identified during the structured observations. The questions asked 
during the interview with the delivery companies are found in Appendix 2, while the questions 
asked to the landlords can be found in Appendix 3.  
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Table 1 A list of the interviewed companies, work title of the interviewed persons and date for the interview. 

Company Title Date 
TNT Operation Manager 

Pick-up & Delivery Supervisor 03-04-14 

Postnord Logistics Districts Manager 
Branch Manager, trucks 10-04-14 

AMF Fastigheter Operation and Safety Manager, trade 02-04-14 

Vasakronan Technical Manager, waste 02-04-14 

The interviews were structured, had a qualitative nature and open questions were prepared and 
sent to the interviewees three days in advance. Each company was interviewed separately. The 
session had a timeframe of one hour per company and the number of participants from each 
company varied from 1-2 persons. 

The persons who were around before the implementation where identified by snowball effect, i.e. 
by asking around for people with the sought experience. Though, persons who were in contact the 
goods reception site in Gallerian during the time of implementation of the service have been 
difficult to find. Therefore, the main source for how it was during the problematic times was Jens 
Rasch, Product and Market segment manager for commercial buildings at Ragn-Sells, who was 
in charge of the implementation of the service in Gallerian on behalf of Ragn-Sells ten years ago.  

2.2.4 Environmental impact and process efficiency analysis 

The results from the simulations were used to calculate how much the queue time changes 
between the different scenarios. Based on the calculations, the differences in environmental 
impact and efficiency were assessed and analysed. The analysis of the environmental impact was 
tied to the Swedish environmental objectives, looking at indicators such as transport emissions 
and waste management. When analysing the process efficiency, indicators such as time and 
customer value were assessed using a Lean approach. A discussion of other performance 
indicators was also made. A cross analysis was then made to combine these two beneficial 
aspects, as well as listing future recommendations. 

2.2.5 Reliability, validity and objectivity 

The majority of the results in this thesis are based on observations made in the commercial 
building Gallerian between 06.30pm- 12.00pm, during five days in March. This must be taken 
into consideration when evaluating the results. Variation in demand may be higher or lower 
during other times of the year.  

The results presented from the simulation have discussable validity. The simulations are 
simplified models of the reality, without possibility to include all possible deviations and factors.  
It is also discussable whether the observed data is accurate for whole days, i.e. if a result reveals a 
difference in percentage, it may not be applicable for the rest of the day. Also, only one 
commercial building have been studied, and since there are deviations in the service concept 
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between sites as well as deviations in foundation for operations it is uncertain if the same 
methodology applied to other sites would generate the same results.  

A weakness in the observation regarding queuing vehicles is that only the first vehicle in line was 
seen from the point of observation. Therefore, it was impossible to assess multiple vehicles 
queuing simultaneously and as a result; some queuing vehicles may not have been recorded as 
queuing. This may have affected the average observed queue time, which in reality might have 
been higher. 

The qualitative results, with main purpose of mapping the process, were mainly obtained by 
people working at the investigated company. In an attempt to obtain a more nuanced picture, 
interviews were conducted with other stakeholders connected to the process, i.e. the landlords 
and two of the delivery companies. However, the tenants in the commercial building were never 
spoken to directly and their inputs could have been useful when evaluating the results.  
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3. Theoretical Framework 
The initial literature study on the subject of combined management of waste and goods in 
commercial buildings did not reveal any similar studies on the topic. Therefore, the theoretical 
framework presented below is a combination of both environmental aspects, such as waste 
management, GHG emissions and climate impact, as well as production and efficiency aspects 
such as Lean thinking and customer value.  

This part starts with theory of waste management in Sweden with focus on waste fractions related 
to commercial buildings, followed by theory of lean thinking, city logistics/green logistics, 
ending with environmental impact in general, and climate impact in specific, from logistics and 
waste management operations with focus on commercial buildings.  

3.1 Waste Management 
At a first glance waste management seems like a fairly basic business, objects are bought, used 
and finally thrown into a bin that is collected and then transported to a facility for final treatment 
and eventually final disposal. But it is not as simple as that, in Sweden there are multiple laws 
and regulations regulating who is entitled to collect which fractions and where, as well as who 
has the final ownership of the waste and the potential recovered resource. The laws and 
regulations are there to ensure proper handling to minimize risks associated with poor waste 
management, such as spreading of diseases, fires and leaching of harmful substances that may be 
poisonous to humans, animals and ecosystems.  

This chapter focuses on defining waste and waste management, scratches the surface of what 
strategy EU has taken and how this has been adopted into Swedish jurisdiction. With this, 
different treatment options are presented as well as future prospects with focus on fractions 
deriving from commercial buildings. 

3.1.1 Definitions and EU waste strategy 

The European definition of waste is found in the EU Directive on waste (2006/12/EC), attested 
on April the 5th 2006, as any object or substance that the owner discards or intends to dispose of. 
In the same directive, management is defined as the collection, transfer, recovery, and discarding 
of waste, as well as the supervision of such activities and after-treatment of landfills (European 
Parliament, Council of the European Union, 2006). I.e. waste management means the collection, 
transport, recovery, and discarding of any object considered obsolete to the possessor.  

In the updated directive from 2008 (2008/98/EC), there is a guide for how member countries 
should work towards sustainability regarding waste management on a strategic level (European 
Parliament, Council of the European Union, 2008). This is illustrated by the waste hierarchy, 
where the prioritized first hand measure should be to work towards reducing the up-come of 
waste, secondly to reuse, third hand to utilize the material by material recycling processes and, if 
this is not possible, energy recovery is a better choice than final disposal at landfills, see Figure 3. 
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Figure 3 Illustration of the waste hierarchy. 

In Sweden, most laws and regulations regarding waste handling and treatment, influenced by the 
EU directives, can be found in chapter 15, in the Swedish Environmental Code (1998:808). 
Special for Sweden is that the municipality has a monopoly on the management of municipal 
solid waste, MSW, excluding fractions covered by producer responsibility (Skottheim & Paz, 
2004).  

3.1.2 Municipal Monopoly and Producer Responsibility 

In Sweden there are something called producer responsibility and municipal monopoly on MSW. 
The producer responsibility in Sweden is deriving from EU-directives on adoption of producer 
responsibility mechanisms. The purpose of the directive is to induce development products that 
are resource efficient and easy to recycle, and every other year the Swedish EPA reports to EU on 
the progress made on the area in Sweden (Ågren, 2013). 

The producer responsibility in Sweden implies that the industries manufacturing items covered 
by producer responsibility, see Table 2, are responsible to collect and treat these fractions when 
they have become obsolete. I.e. producers of e.g. packages are responsible for the end of life 
treatment of the products they produce (Östlund, 2013).  

Table 2 A list of products included in the Swedish producer responsibility (Östlund, 2013).  

Producer responsibility  
Glass/paper/plastic/metal containers 
Newspapers 
Waste from Electrical and Electronic Equipment (WEEE) 
Batteries 
Cars  
Tiers 
Pharmaceutical products 
Radioactive products  

For products covered by the producer responsibility, objectives for recycling quote have been set. 
E.g. in the Swedish Directive (2006:1273) on Producer Responsibility regarding containers 

Reduce 

Reuse 

Material recycling 

Energy recovery 

Disposal 
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[Förordning (2006:1273) om producentansvar för förpackningar] objectives for recycle quote per 
kg of waste tied to fraction for each container material is stated, see Table 3. 

Table 3 The objectives regarding recycle quote, stated in the Swedish Directive on Producer Responsibility 
regarding containers (2006:1273) (Östlund, 2014). 

Material Objective 
Glass 70% material recovery 
Paper 65% material recovery 
Plastic 30% material recovery(excl. containers for beverages) 

Metal 70% material recovery (excl. containers for beverages) 
90% material recovery of containers for beverages. 

The Municipal monopoly, described in the Swedish Waste Directive (2011:927) 
[Avfallsförordning (2011:927)] §76-§80, implies that when a private household discards a 
product and it is classified as waste, MSW, it becomes the property and responsibility of the 
municipal to treat the waste in a proper manner. Similar fractions from industries are also 
classified as MSW, unless it is sorted in fractions covered by the producer responsibility or can 
be said to be business specific (Skottheim & Paz, 2004). Municipalities can chose to outsource 
ownership and management responsibility of the MSW to a private company for a limited time, 
based on public procurement. This means MSW fractions may only be managed by the 
municipality or a, by the municipality assigned, company. Any violation to this agreement is 
penalized according to jurisdiction (The Swedish Environmental Code (1998:808), chapter 29).  

With the producer responsibility and municipal monopoly covering what might seem as most 
fractions, the business specific fractions may be hard to distinguish, as discussed in a report 
regarding the Swedish market for waste management issued by the Swedish EPA in 2004 
(Skottheim & Paz, 2004). The following chapter, therefore, assess the options at hand for 
businesses, including commercial buildings, to manage their waste.  

3.1.3 Business Waste 

Business waste are waste fractions that are produced by a business during its business’ operations 
that is neither classified as MSW nor any of the fractions covered by the producer responsibility 
(Skottheim & Paz, 2004). The waste is, thereby, the property and responsibility, of the business 
company, for instance commercial building, to manage according to current laws and regulations. 

As long as the business waste is separated from MSW, companies have three options when it 
comes to managing their business waste: 

• Transport their business waste to a municipal recycling center. In Stockholm 
municipality there is additional fee for companies (Stockholm Municipality [Stockholms 
stad], 2014), the fees and regulations on business waste at municipal recycling centers 
may differ between municipalities. MSW has to be managed by the municipality by law, 
as mentioned, which the companies have to pay for pick-up and treatment of. 
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• Buy waste management services from a private or municipal waste management 
company, though, as mentioned, the MSW still has to be managed by the municipality if 
not the waste management company in question is responsible for managing MSW within 
the municipality.  

• Manage the business waste in their own regime following current laws and regulations 
on waste treatment and final disposal (Skottheim & Paz, 2004).  Though, according to §36 
in the Swedish Waste Directive (2011:927), if the amount of business waste exceeds 10 
tons or 50m3 alternatively 100kg or 100liters of hazardous waste per calendar year a 
license approving waste transports is needed. 

As described in chapter 3.1.1 Definitions and EU waste strategy, one of the strategic objectives, 
regarding waste, were to reduce the up-come of waste and to increase the possibility to in first 
hand reuse and as last option recycle obsolete products. One, previously mentioned, mechanism 
implemented to level up in the waste hierarchy was the producer responsibility that gives 
manufacturers an incentive to invest in development of resource efficient and recyclable 
products. But in order for waste to be treated properly according to the waste hierarchy, it has to 
be sorted. In the following subchapter three other mechanisms serving the same purpose, 
regarding leveling up in the hierarchy, but with a slightly different approach, are presented. 

3.1.4 Mechanisms to induce waste sorting 

In an attempt to reduce the amount of waste going to landfill, in accordance with the aim of the 
waste hierarchy, two landfill bans were adopted into the Swedish Environmental Code: a landfill 
ban on combustible waste issued in 2002 and a landfill ban on organic waste issued in 2005 
(Skottheim & Paz, 2004). Besides the two bans there is also a landfill tax on all fractions still 
being sent to final disposal at landfills. These mechanisms serve the purpose of inducing the 
development of efficient waste treatment and recovery technology.     

But even before the implementation of the bans, there were economic benefits in sorting waste at 
the source. In a report regarding good waste management at companies issued by the Swedish 
EPA in 2002, before the introduction of the bans and tax, companies claim that improvements in 
waste management have saved the company a substantial amount of money. ICA, as an example, 
states they save 150 000kr per quarter thanks to sorting at source (Jenssen, 2002). Perhaps not 
surprising considering the extra operation needed to sort the waste in a later stage. What fractions 
are sorted depends on the treatment options; is it to go for incineration or material recycling. The 
Swedish EPA has their priority set on minimizing textile-, food-, electronics-, and construction- 
and demolition-waste (Avfall Sverige, 2013). 

3.1.5 Future Prospects 

In year 2012 the Swedish Government decided upon an objective that, by 2018, the food waste 
collection for biological treatment is to reach 50%. As reference, in 2012, 25% of the food waste 
was treated biologically (Stadsledningskontoret, 2012). In to a report written by the city managers 
[Stadsledningskontoret, Förnyelseavdelningen] at Stockholm municipality, a proposal from the 
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municipality to reach the 50% collection objective is to make food waste collection compulsory 
for all restaurants and caterers that serve more than 25 portions of food per day.  

In the same report, the current state regarding properties that generate large amounts of food 
waste are described and, it is claimed that common waste sorting areas for the tenants allows for 
better conditions regarding pervasive changes, such as starting to sort food waste for external 
collection. It is also claimed that in some cases, the investment made for the ability of food waste 
collection is refunded since it enables better/cheaper handling of the other waste fractions. 
Thereby, the waste fee for landlords is controlled by the tax structure of today and is a result of a 
combination of how much waste that is thrown, how it is collected and how often. The tax 
structure implies that landlords with food waste collection have a total lower fee for the same 
waste amount, than these without collection of food.  

Textile collection is a fraction that does not have an organized collection today but may have in 
the near future. The Swedish EPA has proposed milestones to increase the textile recycling. The 
proposal includes that 25% of the textile that is introduced to the market shall by year 2020 be 
recycled while 40% shall be reused (Naturvårdsverket , 2013).  

3.2 Lean Thinking 
Lean production has its roots in the Japanese automobile manufacturing company Toyota, but is 
now spread throughout organizations all over the world. The Toyota Production System (TPS) is 
used as a base for the Lean production and is today applied outside traditional manufacturing into 
many other areas, such as service and healthcare. The core idea with Lean thinking can briefly be 
summarized with creating customer value by minimizing waste, consequently making the 
organisation more efficient. From the Toyota Production System, a group of lean principles have 
evolved. One of many generalizations is to divide the Lean principles into four categories 
(Schneiderjans, et al., 2010):  

• Seek elimination of waste 
• Seek increased flow  
• Seek improved quality  
• Seek reduced cost  

Though, it is important to keep in mind that Lean is not only a set of principles but a philosophy 
with strong values. To be able to be truly successful with Lean methods, the whole philosophy 
must be adapted in all levels in the company. Both manager and the employees should feel like 
their work is of value and that they contribute to the organisation. Trust between employees and 
managers are, thereby, important. Also to be successful, the organisation has to have a long term 
planning where the focus should lie in setting goals and create profit, not only for each section 
but for the organisation as whole (Liker, 2004). 

This chapter section will briefly touch upon the Lean principles, explain customer value and list a 
couple of key performance indexes that can be used to measure success.  
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3.2.1 Lean Principles  

Eliminating waste to improve customer value is a core part of Lean thinking and everything that 
does not create customer value can be seen as waste. The elimination of waste also increases the 
flow, improves the quality and reduces costs. Waste within Lean is different from e.g. the waste 
the customers in commercial buildings throw away. Usually, seven form of waste are stated but 
they are often expanded with at least one, loss of creativity. The wastes are (Bergman & Klefsjö, 
2010): 

• Overproduction – Production of products before they are required. In administrative 
operations it may be refining information that no one will need.  

• Waiting – Time not used in production that is instead spent waiting for the necessary 
conditions. It could also be waiting for decisions or information. 

• Transport – Internal transports add no value. The only transportation customer may want 
to pay for is when something is delivered to the customer. 

• Inappropriate processing – Performing more work into a product/service than the 
customer needs and is prepared to pay for. 

• Inventory – Material waiting in storage creates no value but instead hides problems such 
as production imbalances, late deliveries from suppliers or long setup times.  

• Motion – Any moving-around that the employees must do to perform their work is 
considered as waste. 

• Defects – Producing defect products, or doing something that is incorrect, is a waste since 
what is not done right from the beginning has to be corrected/remade. 

• Loss of creativity – Losing time or potential improvements and learning opportunities by 
not engaging or listening to the organization’s employees is waste. 

One main principle for continuous flow is Just-In-Time (JIT), which strives to produce and 
deliver at the right time, keeping the process stable with neither being in advance or behind. If 
everything was produced and delivered at exactly the right time, waste in form of waiting time 
would be avoided and inventory as well as lead-time would be reduced. To reach a continuous 
flow one should strive for short distances between process steps, small buffers, small package 
units and frequent transports (Petersson, 2010). 

Quality is defined as fulfilment of requirements. Improved quality comes with building quality 
into a product/service, instead of the passive approach of inspecting quality into a product. 
Quality should have high priority since it has direct implications for the customer. Additionally, 
high and consistent quality is a prerequisite for a highly efficient production flow, which will 
directly reduce the costs (Petersson, 2010). 

3.2.2 Customer value 

Customer satisfaction is related to the needs and expectations of the customer, and these in turn 
are affected by several factors, e.g. previous personal experience of the company, the reputation 
of the company or product, what the company has promised, the price of the article or service etc. 
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In Quality: from customers’ needs to customer satisfaction, five dimensions for a company 
connected to customer satisfaction are listed, originally written by Zeithaml et al. (1990) 
(Bergman & Klefsjö, 2010). The dimensions are weighted between each other and are shown in 
Table 4. 

Table 4 Dimensions and weight for customer satisfaction. 

Dimension Weight [%] Definition 
Reliability 30 Doing what is promised 
Responsiveness 25 Willingness to help and provide prompt service 
Empathy 20 Conveying trust and confidence 
Assurance 16 Ability to see through the customers eyes 
Tangibles 10 Equipment, physical facilities, etc.  

Value stream mapping, VSM, is a lean tool that is used for mapping and defining how an 
organisation works today, the current state, and, thereafter, use the information to form a new, 
improved state. The mapping captures processes, material and information flows of a given 
product/service family and helps to identify wastes in the system (Liker, 2004). 

With value-adding, value in form of customer value and satisfaction is intended. When a VSM is 
conducted, every work task in the process must be examined whether it adds value to the 
customer or not. E.g. to screw two parts together may add value to the customer, but time spent 
looking for the screwdriver does not. Every task can thereby be stated if it is value-adding, non-
value-adding or necessary but non-value-adding, which for the latter one could be cleaning of 
equipment (Keyte & Locher, 2008). 

Initially, when making a VSM, the product family, or in this thesis, the service family is defined. 
A service family is a group of services that have similar process steps, though they do not need to 
be identical. This eases the work of creating the VSM and helps to set delimitations. When the 
service families are identified, a map of the current state is made to enable bottlenecks and non-
value adding activities to be highlighted. Afterwards, a map of the future state is created, showing 
possible changes and improvements. (Keyte & Locher, 2008). 

3.2.3 Performance Indicators 

A core part of the Lean philosophy is the continuous improvement. To be able to measure the 
progress, performance indicators can be set and these are used as goals to strive for. The goals 
must be stated in a way that makes progress measurable. Many of the performance indicators are 
connected to the Lean principles and some, for this thesis, useable performance indicators for 
supply chains, are described below (Schneiderjans, et al., 2010): 

• Time - When a supply chain reduces time, it improves the service and eliminates waste. 
Time can be measured both as the time taken from a customer placing an order until it is 
delivered, as well as the reliability of delivering a product or service when promised.  
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• Quality – The ability to satisfy stated, or implied customer, needs. E.g. conformance 
quality, which means complying with, stated, supply chain specifications on services, or 
reliability quality, which means ensuring that the supply chain services are consistent. 

• Flexibility - This is the ability of a supply chain to change as needed to serve customers, 
which is an important competitive advantage. The supply chain must be able to quickly 
adapt to market and organizational changes to better fit the needs of both parties. 

• Cost - When a supply chain reduces its cost, e.g. labour, material or quality related scrap, 
the efficiency of an operation improves, making it more competitive and profitable.  

• Inventory - A supply chain’s ability to deliver small, frequent supplies helps reduce 
inventory and cuts cost, while supporting a Lean operation implementation.  

To be able to measure progress and identify deviation, standards are essential. A standard 
describes the best currently known, formalized and agreed upon way to e.g. perform an activity. 
There are, above all, three reasons why standards are important in an operation: safety and 
ergonomics, quality, and efficiency. By consistently keeping to standards, all members of the 
workforce share the best knowledge currently known while the individual variations are reduced. 
Within non-manufacturing operations, the consistent application of standardised work brings 
benefits such as reduced vulnerability and increased predictability, reduced variation in quality, 
and increased capacity. Reduced vulnerability means that knowledge on how work should be 
performed does not exclusively stay with certain individuals (Petersson, 2010).  

3.3 City Logistics and Supply Chains 
A supply chain consists of all parties involved, directly or indirectly, in fulfilling a customer 
request (Chopra & Meindl, 2013). This includes manufacturer and suppliers as well as transports, 
warehouses, retailers and customers. Depending on the customer needs, the supply chain is either 
efficient, responsive, or a combination of these, where efficient is related to low cost while 
responsiveness is related to the ability of being flexible. A company that is not highly efficient 
are able to improve both their responsiveness and efficiency. In contrast, a company that is highly 
efficient can improve its responsiveness only by increased cost and loss of efficiency.  

With this short introduction on supply chains follows a chapter that highlights the complexity and 
problems related to city logistics and distribution, ending with a definition and description of 
goods receptions in commercial buildings. 

3.3.1 City logistics 

The retail trade accounts for a third of the private consumption in Sweden. Products connected to 
city distribution are food, consumer goods, office supplies, returns and waste. Recipients are 
shops, restaurants, offices as well as educational, county and municipality related activities. Some 
of the goods are carried to the city directly from production, via own warehouse or wholesaler, 
while long-distance transports are first carried to terminals located outside the city core. There, 
the goods are re-loaded to smaller and more suitable vehicles for city distribution. Goods that are 
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transported directly from a warehouse or production plant are mainly carried by company 
registered vehicles, while goods that are handled at a terminal are carried by vehicles registered 
as commercial transports, also known as 3rd party logistics companies. Company vehicles, and 
especially light duty trucks, are the most common vehicles in city logistics in Sweden. (WSP 
Sverige AB, 2012). 

During the last decade, the retail trade has increased significantly in the metropolitan regions and 
in shopping centers located outside the cities. While the Stockholm city core has gotten denser, 
the rents have simultaneously increased. This has led to a situation where the stores have none or 
only a small ability to store any inventory, which during the past 20 years have resulted in a trend 
showing that goods are ordered in smaller quantities but more frequently (Regeringens 
Logistikforum, 2011). Also, low-inventory policies and JIT deliveries are today the norm across 
many industrial sectors. JIT is, therefore, often identified as the main cause for the 
underutilization and ability to optimally fill the trucks and, thereby, increasing the number of 
trucks circulating in the city core (Piecyk, et al., u.d.).  

In addition, there has been an increased interest in management of returns since the introduction 
of EC Directives regarding returns of Waste Electrical and Electronic equipment (WEEE) 
(2002/96/EC), restriction of the use of certain chemical substances (RoHS) in electrical and 
electronic equipment (2002/95/EC) and Packaging and packaging waste (94/62/EC). The 
nowadays large quantity of orders made by phone or internet, where the customers have seven 
days after receiving an order to change their mind and return it without explanation (Directive on 
Distance Contract, 97/7/EC) have resulted in large quantities of returns. Besides product returns, 
shipment of materials back to disposal sites and treatment centres is a natural extension of reverse 
logistics. Here, better integration of waste management processes within the overall reverse 
process could help reduce negative transport impacts (Cherett, et al., 2012). 

Not only is the congestion, due to the many vehicles, a problem. There are several other problems 
related to city distribution. Some of these issues, identified by those performing freight transport 
and logistics operations in urban areas, are (Allen & Browne, 2012): 

• Traffic flow/congestion caused by traffic levels, accidents, infrastructure, narrow streets 
and poor driver behaviour. 

• Transport-policy related problems including neglect of freight transport issues in town 
and traffic planning etc. 

• Parking and loading/unloading problems due to regulations, fines, lack of 
loading/unloading space and handling problems. 

• Customer-receiver-related problems including queuing to make deliveries and collection, 
difficulties in finding the receiver and collection/delivery time requested by 
customer/receiver. 
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In addition to these four, two additional issues were mentioned by the two interviewed delivery 
companies (Appendix 2), namely, security issues due to underground deliveries and issues related 
to IT-system failure.  

One way to ease the congestion is to concentrate deliveries to particular zones on particular days 
of the week. By doing so, suppliers may achieve higher levels of load consolidation and, thereby, 
drop vehicle density and increase vehicle utilization. This practice is however resisted by some 
sales managers on grounds that it impairs the standard of customer service and could weaken the 
company’s competitive position (McKinnon & Edwards, 2012).  

Tests have been made to fill delivery vehicles more efficiently through mixed loading, at so 
called consolidation centres situated in less dense areas. The problem here lies in the forced 
collaboration between different companies and the limit of how much an individual company can 
do on its own to improve the utilization of its vehicles. The decision made by companies both 
upstream and downstream in the supply chain can limit the opportunity to improve load factors 
and cut the kilometres driven. If supply chain partners are prepared to collaborate, much higher 
levels of utilization could be obtained (McKinnon & Edwards, 2012).  

The knowledge, insight and interest regarding the actual goods transports are often low among 
the goods recipients, the landlords and the municipality. This since every stakeholder has their 
own perspective, with little insight in the other stakeholder’s problems. To optimize the city 
logistics, cooperation between all stakeholders are necessary. The municipality can to some 
extent regulate the traffic by control of the amount of loading areas, one-way streets, passage 
prohibition, environmental zones as well as length, height and weight regulations of vehicles. For 
the recipients however, there are few incentives to change the delivery pattern since the 
distribution price often is included in the product price. Today, there is a lack of a comprehensive 
view of the city logistics and further investigations are needed to analyze the problem on a 
system level (WSP Sverige AB, 2012). 

3.3.2 Goods Receptions in Commercial Buildings 

According to a handbook on goods receptions in Sweden, published by the Vocational Training 
and Working Environment Council (Transport Trades), a goods reception is required at sites 
where goods that are transported by truck are received. A goods reception is in the handbook 
defined as an area that is designed to facilitate loading and unloading of goods (TYA & Silfvers 
textverk, 2009). In commercial buildings, the character of the businesses is different between 
units and, therefore, the goods reception need to be flexible to cope with the variation of 
deliveries. The design of the goods reception may affect the safety and security and, thereby, the 
work environment. The area outside, and especially the way to the reception, must be accounted 
for in the planning of the area since the traffic in and out will affect the pedestrians and the traffic 
outside (TYA & Silfvers textverk, 2009).  

However, many underground goods receptions in Stockholm are restrained due to the old 
architecture that characterizes the city core. This is a problem for distributors since large trucks 
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may not be able to enter the area due to their height. In an interview with TNT, see Appendix 2, it 
was revealed that due to height restrictions, the company usually cannot use trucks in Stockholm 
city that hold more than seven pallets. For Gallerian the maximum capacity, due to height and 
turning space, is, with reference to the interview with TNT, 15 pallets, instead of the ordinary 18-
22 pallet trucks. This in turn affects the city congestion due to the need for more delivery vehicles 
to cover the demand for goods. 

Commercial buildings can generate large amounts of goods deliveries, which, therefore, need to 
be streamlined. One model to streamline the deliveries is to have a manned goods reception. Not 
only could time be saved when the deliverymen do not have to wait for the customers, or deliver 
the package to the customer’s door, but also security and safety risks such theft and injury, for 
deliverymen, recipient, and others could be mitigated. Stockholm city center holds many goods 
receptions in garages that lies underground. Many of them are unmanned and these are high-risk 
security areas for deliverymen. As mentioned previously, Postnord Logistics said during the 
interview, Appendix 2, that their two major problems related to risks are theft and personal 
security when goods need to be unloaded and delivered in desolate areas underground. In the 
same interview they also mentioned another issue that is related to manned goods receptions, 
namely, that subcontractors also known as third part logistic company, do not benefit from a 
manned goods receptions since several customers are replaced by one, consequently making their 
profit smaller.  

According to the previous mentioned handbook, there should in connection with the goods 
reception be a recycling area where the packaging material can be sorted. The collection of 
recyclable material must be done in a way that the personnel can leave the waste in the right bin 
without having to pass the area where the vehicles are driving. Fire safety is also an important 
aspect to consider. According to the law on protection against accidents (2003:778), landlords 
and tenants should all work systematically to prevent fire. Flammable materials should be kept in 
locked and fire safe storage. Since pallets are highly flammable, they should be stored in a way 
that prevents the fire to spread to other buildings or material, independent of the operation by the 
emergency services (TYA & Silfvers textverk, 2009). 

3.4 Climate Change and environmental impact 
The negative social and environmental impacts caused by road freight transport operations in 
urban areas are well known, such as consumption of fossil fuel, emission of GHG as well as air 
and noise pollution. Not to mention, issues such as road safety and accidents (Allen & Browne, 
2012).  The environmental impact of vehicles depend on, excluding operational factors, the type 
of fuel used. The substances that are usually found in exhaust are water vapor, carbon dioxide, 
CO2, nitrogen oxides, NOx, carbon monoxide, CO, and hydrocarbons, HC (Nationalencyklopedin, 
2014). Measuring emissions is one of the most popular ways of assessing environmental impact 
(Aronsson & Huge Brodin, 2006) and in interviews with both Postnord Logistics and TNT 
(Appendix 2), it was revealed that customers demand that the distributors reduce their 
environmental impact, especially regarding GHG-emissions.  
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Therefore, this chapter assesses the climate impact deriving from road freight operations in urban 
areas as well as the measures taken to reduce the negative environmental impact, focusing on 
reduction of GHG, linking to environmental objectives within the EU in general and more 
specifically in Stockholm, Sweden. The chapter ends with a short review on how to measure 
GHG emissions from road freight traffic in related to commercial buildings. 

3.4.1 Road transports and climate 

The European Union has announced a target to reduce GHG emissions, within the Union, by 60% 
relative to 1990’s level until 2050 (Piecyk, 2012). Road transports, within the European Union, 
are responsible for approximately 20% of the Unions total emissions of CO2, and it is the only 
sector within the Union where CO2 emissions are increasing (European Comission, 2014). 
Reducing the GHG emissions deriving from road transportation is, thereby, a major challenge in 
the mission of reaching the set emission target.  

Light vehicles, such as cars and vans, have been identified as the major culprits within the road 
transport sector regarding CO2 emissions, contributing to approximately 15% of the sectors total 
emissions (European Comission, 2014). Estimations, based on statistics from the UK Air Quality 
Archive, 2008, made by Maja Piecyk on the subject of Green Logistics, CO2 stands for 
approximately 96% of all direct GHG emissions deriving from road transports (Piecyk, 2012). 

In 2010 the total CO2 emissions deriving from the EU1 was estimated to be 4 720.9 Mt CO2 
(European Comission, 2013). Table 5, below, show specific GHG-data for the road transport 
sector and Sweden. As seen Sweden’s contribution is fairly small, approximately 2%. 

Table 5 A summary of GHG-emission data for the EU-27 and Sweden, respectively, given in units of Mt CO2-
eqvivalents including international bunkers, but excluding LULUCF (European Comission, 2013).  

 All activities Transport sector Road transport sector 
The EU-27 4 720.9 1 215.6 876.6 

Sweden 66.2 29.7 19.1 

In Ragn-Sell’s environmental report for 2012, it is claimed that, besides emissions of methane 
deriving from landfills, their second major source for GHG-emissions derive from their fleet of 
vehicles. In 2012 the emissions of CO2 deriving from the company’s heavy duty vehicles was 
estimated to be 21 714 ton, not including subcontractors, and by 2020 the aim is to reduce these 
emissions by 50% compared to emissions 2008 by investing in renewable fuels, improve route 
planning and have educations in eco-driving (Ragn-Sells AB, 2013).  

The environmental impact of a fleet depends on a number of factors (Eglese & Black, 2012): 
• Routes and schedules 
• Size of the vehicle 
• Type of fuel 
• Driving skills 

                                                
1 EU-27, excluding Land Use, Land-Use Change and Forestry, LULUCF 
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When making routes and schedules to minimize GHG-emissions, speed is an important factor. 
An optimized, fast or/and short, route may emit more GHG than slower or/and longer route. 
Other important factors when assessing GHG emissions related to vehicles are, as mentioned in 
chapter 3.3.1 City logistics, weight and how it is distributed, the size of the engine, road gradient 
and age of the vehicle (Eglese & Black, 2012).  

As for fuel type, EU has set a target fort the transport sector that by 2020 10% of the energy have 
to come from a renewable source, in 2012 Sweden reported that 12,6% of the energy consumed 
by the transport sector derived from renewable sources (Swedish Energy Agency, 2014). Though, 
according to the Swedish Energy Agency, petrol is the most common fuel for passenger vehicles, 
but that, the number of diesel fueled passenger vehicles and vans have increased steadily the past 
ten years. Also, diesel is commonly used by heavy duty vehicles (Svensson, 2014).  

Both interviewed delivery companies, Postnord Logistics and TNT, have training programs in 
eco-efficient driving for their chauffeurs, as Ragn-Sells, in their environmental agenda. Also, the 
subcontractors are required to have corresponding knowledge in eco-driving (Appendix 2).  

All the above mentioned factors to reduce GHG emissions can be more or less controlled by 
delivery companies since they make the decision how to design their vehicle fleet and how 
deliveries are to be made and at what time. Many of the above measures also have economic 
incentives, e.g. optimizing truck load and faster deliveries both mean less vehicles needed, fuel-
efficient driving means lower fuel costs etc. As argued in a book on the subject of Green 
Logistics, increasing vehicle load factors is one of the most attractive sustainable distribution 
measures for companies since it yields substantial economic as well as environmental benefits 
(McKinnon & Edwards, 2012). 

Though, when optimizing routes or designing vehicle fleets, there are a few risks that delivery 
companies have little or no control over that may have a negative environmental impact and 
inhibits the efforts made by delivery companies to reduce it. Examples of these are delays due to 
congestion caused by traffic accidents, weather conditions, illness, infrastructural problems such 
as acute damage to roads and fires (Chopra & Meindl, 2013). Not to mention, the issues 
described in chapter 3.3.1 City logistics. 

The major issue in Gallerian, before the implementation of the investigated service, was as 
mentioned the congestion. Noted during observation was that when vehicles were in queue they 
kept the engine on, i.e. they were idling. Though, once a vehicle reached its designated spot they 
turned off the engine to make their delivery. When asking the service personnel on site about 
idling behavior, it was found that most deliverymen were good at remembering to turn off their 
engine, but that some needed to be reminded. The reason for asking the drivers to turn off their 
engines was mainly related to work environment. That idling causes more emissions than to stop 
and restart was stated in the Swedish Consumer Agency’s guide for new cars in 2012. This is 
supported by a paper published by Argonne National Laboratory in 2012, where it was concluded 
that an engine (passenger car) idling for more than 10 seconds at an ambient temperature of 21̊C 
consumes more fuel than a restart of the same engine under the same conditions. Though, it was 
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argued, that in reality result may vary depending on the age of vehicle and factors such 
temperature (Gaines, et al., 2012).  

3.4.2 Stakeholders and Mechanisms  

Besides the issues and solutions described above, mainly focusing on the impact by the sector 
and the delivery company’s measures copying with climate impact, there are other stakeholders 
whose decisions are setting the playground for those operating within logistics as well as giving 
incentives for improvements in environmental management. The mission of reducing GHG 
emissions, deriving from human activity, into the atmosphere is best regulated on a global 
governmental level due to its global character.  

The UN and other international organs set the overall aim for unions and nations to strive to 
achieve by implementing instruments such as tax regulations and jurisdiction. As leveling down, 
in what can be seen as an environmental decision making pyramid that illustrates the societal 
level for decisions made (Frostell, 2012), see Figure 4, instruments become more concrete and 
decisions go from long term, decades, to short term, days.  

 
Figure 4 “The environmental decision making pyramid” illustrated with societal levels. 

On a global level treaties like the Kyoto protocol, serve the purpose of drawing attention to global 
issues, that environmental problems often are, and coming to a global consensus and common 
aim on how to solve these. At a company level, where delivery companies are found, strategic 
decisions often have a timeframe of a few years, decisions regarding planning a timeframe of 
months to a year and operational decisions have a timeframe of days to a week (Chopra & 
Meindl, 2013). Since decisions made on higher levels shape the playground for the following 
decision levels (Frostell, 2012), strategic decisions on a company level have to consider decisions 
made/decisions to be made on higher levels e.g. changes in laws and regulations on regional and 
national level. 

An example of a global decision affecting regional decisions is the adaptation of the EU Emission 
Trade System, EU ETS, a system for trade with emission allowances. It was introduced in 2005 
covering sectors such as heat and electricity production as well as energy intensive sectors such 
as the pulp and paper and iron industry. Since 2013, all airline traffic entering and leaving the EU 
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are also included in the market (European Comission, 2014). The system is labeled as “cap and 
trade”, which means that there is a cap, or an upper limit, to as how much carbon that is allowed 
to be emitted. Each emission allowance is equivalent to emission of 1 tone of CO2. Meaning that 
the cap decides the number of emission allowances on the market for the included sectors to 
share and trade. 

As the example above illustrates, public policy makers have an important role in, and their 
decisions have a heavy impact on, reducing GHG emissions from all business sectors. In a book 
on transports and climate by Per Kågeson from 2008, two cost effective instruments for carbon 
reduction are presented. One is the above described cap and trade mechanism, and the other is an 
environmental tax mechanism (Kågeson, 2008). It is argued that the main benefit with the cap 
and trade-system, in relation to an environmental tax mechanism, is that it ensures that set target 
will be met, while a tax-system on the other hand is difficult to beforehand know whether the tax 
is set too high or too low to reach the environmental targets in the most cost efficient way 
(Kågeson, 2008). There have been discussions on how to include the whole transport sector in the 
EU ETS, though due to its complex nature, there is no equivalent cap and trading system nor a 
concrete strategy as how to include the road transport sector in to this market mechanism today. 

To add on the statements, made by Kågeson, 2008, regarding mechanisms for reducing the 
climate impact of transports, Allan McKinnon, co-editor and co-author of the book Green 
logistics: improving the environmental sustainability of logistics, has identified six common 
mechanisms used by public policy makers to regulate and control urban road freight operations, 
namely (McKinnon, 2012): 

• Taxation 
• Financial incentives 
• Regulation 
• Liberalization 
• Infrastructure and land-use planning 
• Advice and exhortation 

A variety of such mechanisms, currently in operation, have been identified for Stockholm:  
• Environmental zones, EZ 
• Congestion tax  
• Time restrictions 
• Infrastructural boundaries 

To understand the mechanism of EZ one must be aware of European emission standards for 
vehicles known as Euro 1-6 for light duty vehicles and Euro I-VI for heavy duty vehicles. The 
European emission standards set limits as to how much of certain emissions (CO, NOX, HC, 
methane, CH4, and particular matter, PM) that is allowed to be emitted per kWh (Commission 
Directive 2005/78/EC). The purpose of the standard is to regulate the whole transport and vehicle 
manufacture sector so to harmonize the market and avoid unfair market competition (European 
Comission, 2008), both from a transport as well as vehicle manufacture point of view. The EZ 
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regulates what vehicles are allowed to enter based on these standards. This makes it a regulating 
mechanism that gives stakeholders within the road freight sector financial incentive to invest in 
the best available technology (Allen & Browne, 2012), BAT, with the overall aim to improve air 
quality in certain geographical areas (Swedish Transport Agency, 2013). 

Since 2004, all vehicles (cars and trucks) passing through the tolls in Stockholm city on 
weekdays between 6.30am and 6.29pm have to pay a congestion tax. The congestion tax differs 
depending on time of day from 10-20kr, with a maximum charge for a vehicle per day of 60kr 
(Swedish Transport Agency, 2014). Besides the EZ and the congestion tax, all heavy duty trucks 
are forbidden in dense city areas during night time (from 10.00 pm to 6.00 am) within Stockholm 
municipality (Stockholm Municipality [Stockholms stad], 2013), mainly due to the risk of noise 
pollution.  

3.4.3 The Environmental Objectives 

The Swedish Government have decided upon a direction for Swedish environmental politics, 
defined in what is called the Generational objective. The objective, clearly inspired by the 
definition for sustainability made by the Bruntland Commission in 1987, is stated as follows: 

“to hand over to the next generation a society in which the major environmental problems in 
Sweden have been solved, without increasing environmental and health problems outside 
Sweden’s borders” (Swedish EPA [Naturvårdsverket], 2012). 

The Generational Goal is in itself quite broad, and can be seen as an overall aim for the Swedish 
environmental politics. In a holistic perspective, see Figure 5, it can be seen as an umbrella under 
which 16 more concrete environmental objectives set the system boundary. To measure the 
success of the environmental objectives 24 Milestone targets have been set. 

 
Figure 5 The structure of the Environmental Objectives in Sweden. 

The environmental objectives are (Swedish EPA [Naturvårdsverket], 2012): 
• Reduced Climate Impact 
• Clean Air 
• Natural Acidification Only 
• A non-toxic environment 
• Protective Ozone Layer 
• A Safe Radiation Environment 
• Zero Eutrophication 
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• Flourishing Lakes and Streams 
• Good Quality Groundwater 
• A Balanced Marine Environment, Flourishing Coastal Areas and Archipelagos 
• Thriving Wetlands 
• Sustainable Forests 
• A Varied Agricultural Landscape 
• A Magnificent Mountain Landscape 
• A Good Built Environment 
• A Rich Diversity of Plant and Animal Life 

The main environmental impacts due to waste management and road freight transports within 
commercial buildings have been covered in previous chapters. By eliminating the objectives 
without a strong connection to those impacts leaves four objectives, see Table 6. 

Table 6 Summary of the four out of the 16 Environmental Objectives with a strong connection to waste management 
and logistical operations in city based commercial buildings (Swedish EPA [Naturvårdsverket], 2012). 

Environmental objective Short description 

Reduced Climate Impact 
Stabilize the concentration of GHG, in accordance with the UN 
Framework Convention on Climate Change, to prevent harmful 
anthropogenic interference with the climate system.   

Clean Air The air need to be clean enough, not cause harmful effects on human 
and animal health, nor to plants or cultural artefacts. 

A non-toxic environment Hazardous substances should not be used if they pose a threat to 
human health and biodiversity. 

A Good Built Environment 

Built-up areas should provide a healthy living environment as well as 
building foundation for good regional and global environment. Within 
built environments cultural and natural assets should be protected 
and developed and should be designed according to sound 
environmental principles, promoting sustainable resource 
management. 

The 24 current Milestone targets, that where decided upon by the Swedish Government in 2010, 
are divided into five focus areas; limited climate impact, waste, biodiversity, hazardous 
substances, and air pollution (Swedish EPA [Naturvårdsverket], 2013). The milestone target for 
limited climate impact is to, by 2020, reduce the emissions of GHG with 40%, equivalent to 20 
million CO2 equivalents, compared to GHG emissions in 1990 (Swedish EPA 
[Naturvårdsverket], 2012). The target is only concerning sectors excluded from trade with 
emission certificates, such as the road freight sector as covered in chapter 3.4.2 Stakeholders and 
mechanisms.  

Another milestone target, also mentioned in chapter 3.1 Waste Management, relevant for the 
topic of this thesis, is regarding waste and resource management related to the food chain. The 
target will be reached if, by 2018, 50% of the food waste deriving from households, industrial 
kitchens, stores and restaurants are sorted out for biological treatment for recycling of nutrients 
and at least 40% of the waste fraction is used for energy recovery (Ek, 2014).  
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Linking to the previous subchapter 3.4.2 Stakeholders and Mechanisms, these objectives and 
targets have been decided upon by the Swedish government and its agencies, i.e. the decision has 
been made on a national level, meaning that mechanisms such as laws, bans, taxation etc. will 
drive companies and the population towards changes and decisions working in line with the 
desired outcome. In order to monitor the progress towards fulfilling the Environmental 
Objectives every objective have a number of indicators, all from concentration of certain 
pollutants in the air to recycling quotes. Indicators identified as relevant to waste management 
and logistic operations are presented in Table 7. 

Table 7 Indicators identified within the framework for the Environmental Objectives that have a direct connection 
with traffic/transports or waste management and the four environmental objectives identified as relevant to this 
thesis that they are related to. 

Objective Indicators 

Reduced Climate Impact 

Energy use 

MSW 

Emissions of GHG 

Clean Air 

Concentration of:  
• benzene in air 
• particles in air 
• NO2  in air 

Number of the population suffering from allergies and asthma 

Emissions of: 
• NOx 
• Particles , PM 2.5 

A non-toxic environment 

Concentration of benzene in air  

Polluted areas  

Number of companies working with environmental management 

MSW 

A Good Build Environment 

Number of the population that experience inconvenience due to  
• traffic exhaust 
• traffic noise 

Number of the population experiencing inconvenience in their 
indoor environment 

Energy use 

Recycling quote of: 
• Glass 
• Metal 
• Paper containers 
• Plastic containers 

Energy consumption is highly related to emissions of pollutants and GHG (Swedish EPA 
[Naturvårdsverket], 2013), at least when addressing energy consumption within the transport 
sector where, as mentioned, the main source of energy, today, is fossil based. Therefore, by 
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reduced energy consumption a reduction of climate impact and cleaner air may be obtained, 
reductions that also have a positive impact on the built environment. 

MSW as an indicator for the environmental objectives connects to the waste hierarchy. By 
reducing the amount of waste, a reduction in climate impact and risk of toxic leachate may be 
obtained. As mentioned, besides reducing emissions, well sorted waste fractions open up for 
better resource management through material recovery.  

The number of companies working with environmental management is, as shown in the table 
above, used as an indicator for A non-toxic environment, since it is argued that the more 
companies that are systematically working with environmental awareness the lower the 
environmental impact (Swedish EPA [Naturvårdsverket], 2014). Though, it is recognized that the 
benefits are diffuse, and this indicator does not say to what degree a company is committed, only 
that they say they will work according to good practice, i.e. follow laws and regulations set by 
e.g. the Environmental Code. The indicator assess the number of companies certified with ISO 
14001:2 004, where a growing trend has been shown (Swedish EPA [Naturvårdsverket], 2014). 
In this standard e.g. reduction of waste is one objective to reduce a company’s environmental 
impact (Swedish Standards Institute, n.d.).  

Benzene is a carcinogenic volatile aromatic HC found in e.g. combustion exhaust from petrol 
fueled vehicles (Swedish EPA [Naturvårdsverket], 2014). Benzene is not the only substance with 
connection to road transports that have a harmful impact on human, animal and plant life. E.g. 
NO2 contribute to creation of tropospheric ozone. According to the Swedish EPA, the number of 
people that report they have experienced inconvenience due to traffic exhaust increased between 
1999 and 2007 and is worst in city areas where 31% report inconvenience due to traffic odor 
(Swedish EPA [Naturvårdsverket], 2013). Many of the persons who answer they feel 
inconvenience also report they have had problems with asthma and/or allergies related to e.g. 
pollen (Swedish EPA [Naturvårdsverket], 2013). Also deprivation of sleep due to traffic noise is 
commonly reported by those living in dense areas (Swedish EPA [Naturvårdsverket], 2013).  

3.4.4 Carbon and energy footprint 

As mentioned, the most common way to measure climate impact is to assess emissions. Though, 
when it comes to standards and carbon footprint there are a few to choose from. Some 
tools/methods focus on carbon footprints for an individual, region or country. Other 
tools/methods set focus on measuring the impact of a product or service in a life-cycle 
perspective by incorporating Life Cycle Analysis (LCA). Three main organizations when it 
comes to standardization for carbon footprint have been identified in literature (Franchetti & 
Apul, 2012): 

• The International Organization for Standardization, ISO 
• The British Standards Institute, BIS 
• The GHG Protocol 
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Common for most standards regarding carbon footprint is that they are all based on the 
Intergovernmental Panel on Climate Change’s, IPCC, and GHG Corporate Protocol’s documents.  

Working with carbon footprint in organizations and companies is an iterative process. The first 
step is, as within the Lean philosophy mentioned in chapter 3.2 Lean Thinking, to commit to 
making an effort in reducing climate impact. The second step is to make an inventory and analyze 
the current situation, as the first step in making a VSM mentioned in chapter 3.2.2 Customer 
Value, i.e. to identify a baseline of where the company is today. When the current situation has 
been identified new mitigation targets can be set and plans on how to achieve these targets can be 
developed. In order to have a successful implementation communication is key. When the new 
strategy has been implemented a phase of data collection and evaluation proceeds and results 
need to be communicated in order to proceed and to learn from previous iterations (Franchetti & 
Apul, 2012), see Figure 6. 

 
Figure 6 The iterative process when working with carbon footprint to mitigate GHG emissions and energy 
consumption.  

The GHG Protocol, supported by the Kyoto Protocol, considers six gases as GHGs for 
accounting (Franchetti & Apul, 2012) 
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But, before making a GHG inventory, system boundaries need to be decided upon. First the 
organizational boundaries need to be set, e.g. who/what is included. When the organizational 
boundary is set, in this case the commercial building including the goods reception, the 
operational boundaries need to be decided upon. To make sure nothing is double counted, 
emissions are usually divided into three categories, see Figure 7, and it is custom to account for 
both scope 1 and 2 (Franchetti & Apul, 2012). 

 

Figure 7 The three scopes for GHG-inventory. 
Though, a common problem when discussing and weighing climate impact in an organization, 
described in a book by Matthew John Franchetti and Defne Apul, is the fact that even if signs of 
climate change are already showing the problematic impacts are often far from the source 
(Franchetti & Apul, 2012). In the same book it is also argued that the more aware an organization 
is about its contribution to climate change due to GHG-emissions the more inclined they are to 
take action to reduce its impact. 

Besides the obvious environmental benefits of mitigating emissions of GHG there are also social 
and economic benefits in doing so. For instance, less GHG emission could imply less local 
pollution, something that often go hand in hand with emissions of GHG, and less air pollution 
will improve the work environment and reduce associated health problems. As for economy, less 
GHG emission are often connected to reduced energy consumption and less usage of fossil fuels 
which both may bring savings in form of lower energy bills. It could also improve an 
organizations trademark attracting costumers that are environmentally aware, bring free corporate 
publicity and obtain a higher level of innovation (Franchetti & Apul, 2012).  
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4. Service Entrepreneur  
This chapter attempts to capture the essence of the investigated service, called Service 
Entrepreneur. If not another reference is not stated, the information used through this whole 
chapter has either been obtained through the observations in Gallerian or by conversation with 
people working with Service Entrepreneur during the unstructured observations. The chapter 
starts with a general description of the service concept that could be applicable to most sites 
where it has been adopted. Though, the service locations were observed to have different 
attributes affecting the operations, such as: 

• The size of the commercial building e.g. the number of tenants, type of business etc.  
• Physical attributes of the production site e.g. number of recycling rooms, vehicle capacity, 

size of intermediate storage room, accessibility etc. 
The general description is followed by a stakeholder analysis where stakeholders are identified 
and the relationship between all parties, directly or indirectly, affected by operations in the 
good’s reception area are assessed. With the general perspective in mind, the chapter ends with a 
more specific description of the service in Gallerian. 

4.1 Service Entrepreneur in general 
Ragn-Sells AB is divided in several business sections of which Service Entrepreneur is one. The 
concept of Service Entrepreneur started as a service with the main focus of facilitating waste 
management for companies and organizations. The service provides the customer the option to 
outsource their waste management, while still being confident that the waste fractions are taken 
care of in a proper manner according to current law and regulations, mentioned in chapter 3.1.4 
Mechanisms to induce waste sorting. The service also provides the customer with waste statistics 
to assist in their environmental management and sustainability reporting. This core business 
regarding waste management can be seen as the first level of the service. 

This first level of the service can be found in, for instance, Täby Centrum where one of the non-
participant unstructured observations was conducted during the process-mapping phase of this 
study. Similar services as the described first level, provided by other companies within the waste 
management sector, do exist. Though, in 2004 this service, provided by Ragn-Sells, evolved. 
From initially focusing on managing the waste, a new second level of the service, including 
management of goods receptions was formed.  

The main trigger for this evolvement, which was touched upon in the Background chapter of this 
thesis, has its core in the congestion problems surrounding city based commercial buildings. 
According to Jens Rasch at Ragn-Sells and Postnord Logistics the problems were so critical, 
especially during seasonal peaks, that delivery companies would refuse to follow through with 
deliveries.  
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In an attempt to ease this critical issue, Ragn-Sells were asked if they could extend their service 
to also cover management of a goods reception. As mentioned earlier in this thesis, this solution 
proved successful and has since then, fall of 2005, spread to other commercial buildings in the 
Stockholm area. It is the second level of service that is investigated in this study and the process 
is illustrated in Figure 8. 

 
Figure 8 A process map of service entrepreneur in commercial buildings. The dashed line marks the system 
boundary for Service entrepreneur.  

4.1.1 Waste Management in commercial buildings 

As mentioned, waste management is the core service that Ragn-Sells offer in commercial 
buildings. Ragn-Sells can manage most waste fractions normally found in these buildings, except 
fractions covered by the municipal monopoly if this fraction is procured by another company. 
Managing these fractions outside the building would then be, as mentioned in chapter 3.1.2 
Municipal Monopoly and Producer Responsibility, a criminal offence. Though, fractions like 
MSW are not always managed by Ragn-Sells, it is still sorted at the site but picked up by another 
company.  

 Besides laws and regulations there were other factors identified as deciding the number of waste 
fractions:  

• The type and composition of commercial business in the building. Offices, restaurants 
and different stores generate different fractions and amounts of waste. 

• The architecture of the building. The fixed architecture, as mentioned in chapter 3.3.2 
Goods Receptions in commercial buildings, may affect the number of bins and garbage 
compactors and containers that can fit into the facility. 
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• Economy: Space used for waste management does not generate money for the landlords 
and tenants, unlike commercial business space does. Though, well planned waste 
management saves money since, the better sorted the waste is the lower the treatment cost 
is as described in chapter 3.1.4 Incentives for Induced Sorting.  

• Environmental awareness: Stakeholders working actively with environmental 
management and sustainability reporting are probably more benign to have the possibility 
to sort their waste in more fractions, as mentioned in chapter 3.4.3 The Environmental 
Objectives. 

For the tenants in the building, the procedure of the waste handling looks different. Stores, cafés 
and restaurants sort their waste in assigned recycling rooms, while most offices have their waste, 
mainly office paper and corrugated paperboard, picked up at location. The office waste and the 
waste from the recycling rooms are later transported by Ragn-Sells to a recycling central, placed 
in connection with the commercial building, with large garbage compactors and containers that 
are emptied by truck when full.  

All waste bins are weighted and fractions are recorded before being emptied into compactors or 
large containers. The type of fraction and its weight is debited to the office where it was collected 
or to the landlord if collected in one of the smaller recycling areas, and distributed to the tenants 
through an allocation formula. The service also includes keeping the goods reception and 
recycling areas free of misplaced debris, as well as routines for cleaning and tidying up to prevent 
fire, as described as an important measure for goods reception management in chapter 3.3.2 
Goods Receptions in Commercial Buildings. 

4.1.2 Goods reception management in commercial buildings 

The commercial businesses that are covered by the goods reception service are mainly offices 
and stores that have deliveries of dry products that do not require special handling, such as food, 
which may need a controlled environment such as a specific temperature. In order for Ragn-Sells 
to have legal right to accept any goods, the addressees have to sign a warrant and contract 
approving Ragn-Sells as intermediary.  

Until quittance the deliverymen are responsible for the quality of the goods, therefore, a visual 
check and counting of packages is made before signing. After quittance Ragn-Sells is responsible 
for the quality and whereabouts of the delivered goods until the addressee signs a quittance. If the 
goods do not pass the visual check, e.g. the wrapping is clearly torn, a discrepancy is reported and 
Ragn-Sells is not responsible for any damage to the goods after quittance.   

All received goods are registered in a PDA-system sorted according to package type, receiver and 
date, however neither the time nor the delivery company is registered. The package types are 
envelops, parcels, pallets, trays, stacks, hangs, and cages, see Figure 9. It is the placement of the 
barcode that decides the package type, i.e. one barcode for the whole pallet equals one pallet, but 
unique barcodes on all packages is registered as x number of parcels/envelopes/trays. I.e. parcels 
may arrive stacked on a pallet, but they may be registered as a number of parcels. The same PDA 
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is used for quittance with the addressee. When the goods have been registered, it is carried to a 
storage room in connection to the unloading station. If the customers do not want to pay the extra 
fee for delivery to the door, this is where they come to receive their goods for self-pickup. As 
described in chapter 3.3.1 City logistics, returns are becoming more and more frequent. Though, 
Ragn-Sells does not have any organized solution for tenants that want to have deliverymen to 
pick up outgoing goods, today. 

 

Figure 9 Illustration of the seven package types. 

4.1.3 Stakeholders involved with the service 

The work conducted by Service Entrepreneur in commercial buildings is affected by several other 
actors that are interacting with the service. These together form a network of stakeholders. When 
addressing stakeholders there are usually three types that can be identified, namely, core, primary 
and secondary stakeholders (Maylor, 2010). Core stakeholders are the actors of which opinions 
have a direct effect on the service, i.e. they have the authority to decide to change or to repeal a 
project or process, in this case the service. Primary stakeholders are actors having a great interest 
and are being affected by the service. Their opinions may affect the service, but they do not have 
the authority to make any major changes or repeal the process. Lastly, there are the secondary 
stakeholders that are affected by the existence of the service and may have an interest in it but 
limited resources to affect the service.  

The core stakeholders identified for the service are: 

• Ragn-Sells – Owns and operates the service. As for any company offering service 
concepts, one main objective is to provide a service that adds value to their customers as 
well as generating money.  
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• Landlords – The main customer who owns the building for where the service operates, 
therefore, they own the physical boundaries for how the service can be operated.  

• Public Policy Makers, PPM - As mentioned in chapters 3.1 Waste Management and 
3.4.2 Stakeholders and Mechanisms, both the transport sector as well as market for waste 
management are full of directives and regulating mechanisms, set by PPMs. Since PPMs 
are above companies in decision level, their decisions set the market playground for 
which the service operates.  

For core stakeholder interactions, see Figure 10 below. 

 
Figure 10 A schematic picture of the relationship and interactions among the identified core stakeholders. 

The primary stakeholders identified for the service are: 

• Tenants – The landlords’ main customer that are affected by the service more or less on a 
daily basis. Their satisfaction is important to the landlords and their opinion may affect 
the customer relationship between Ragn-Sells and the landlords as well as have a 
changing effect on the nature of the service. During an interview with Vasakronan 
(Appendix 3) it was highlighted that the entrance, elevators and goods reception/recycling 
room must deliver according to customer satisfaction since these are the parts that their 
service as landlords includes and tenants pay for. If these parts are managed poorly it will 
reflect badly on their business and brand. Also their daily interaction with the service 
personnel may affect the way the service personnel operate. 

• Delivery companies – also affected by the process and the way it is operated on a more 
or less daily basis. If they were to refuse to deliver goods for the tenants due to congestion 
problems, as the case was for Gallerian before the service was implemented, it could 
cause a negative chain reaction ending with unsatisfied tenants. In interviews with 
Postnord Logistics and TNT (Appendix 2), both agree that manned goods receptions are 
good for their business. Though, Postnord Logistics highlighted that their subcontractors 
are not since their number of customers are reduced to one, the manned goods reception, 
instead of several if there are different addressees.   
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For primary and core stakeholder interactions, see Figure 11 below: 

 

Figure 11 A schematic picture of the relationship and interactions among the primary stakeholders and their 
interactions with the core stakeholders. 

Secondary stakeholders identified are:  

• Customers visiting the commercial building – As mentioned, entrance, elevator, and 
goods reception/recycling rooms are what the tenants, besides business space, pay for. 
Managed poorly the building may lose its attractiveness and thereby visitors.  

• People living nearby – A good built environment was one of the Swedish environmental 
objectives highlighted in chapter 3.4.3 The Environmental Objectives, were traffic 
disturbance was one indicator. If service activities were to disturb the neighbours, the 
landlords may receive negative publicity.  

See Figure 12 for secondary stakeholder interaction with core and primary stakeholders. 

 

Figure 12 The interactions between the stakeholders from a Secondary Stakeholder perspective.  
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4.2 Service Entrepreneur in Gallerian 
Gallerian is a commercial building situated at Hamngatan in the Stockholm city centre. It opened 
in 1976 and consists of around 100 different cafés, restaurants and stores and approximately 9 
offices, see Appendix 3, and it is currently owned by AMF Fastigheter. The target group of the 
visitors are broad and the shopping centre has approximately 17 million visitors annually 
(Gallerian, 2011). Besides the shopping centre, the Service Entrepreneur covering Gallerian also 
includes the building on the opposite side of the street Regeringsgatan, owned by Vasakronan, 
see Figure 13. In this other half covered by the same service there are approximately 25 offices 
and approximately 25 stores, cafés and restaurants, see Appendix 3.  

 

Figure 13 Map showing Gallerian’s location surrounding Hamngatan and Regeringsgatan. (Source: Stockholms 
stadsbyggnadskontor and TeleAtlas) 

The two buildings share the same goods reception and recycling central and the personnel 
operating on behalf of Ragn-Sells are the same for both buildings. The personnel use internal 
corridors and elevators to deliver the goods and to collect waste from Gallerian’s tenants. The 
tasks are usually divided between the staff each day with some personnel managing the goods 
and some managing the waste, while one person is used as an extra resource to clean and solve 
any unexpected issues that may arise. If needed, e.g. if someone is called in sick, hired personnel 
is called in. The service personnel were observed to have joined breaks, and much of the 
information regarding the work was shared during these times. Also, some information was 
observed to be communicated via a whiteboard, placed in the shared break room.  

Before Ragn-Sells implemented their new expanded service concept into Gallerian, the area was 
changed drastically. The old layout before the renovation is illustrated in Figure 14, while the 
current layout is shown in Figure 15, below. 
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Figure 14 The common waste and goods area before the reconstruction was made. The figure is modified from a 
folder regarding Ragn-Sells in Gallerian (Ragn-Sells AB, u.d.). 

 

Figure 15 The same area after the reconstruction was made, i.e. how it looks today. The parking spots on the right 
side are those that are connected to the manned goods reception. The recycle rooms lies outside of the common area 
and are not included in this figure. The figure is modified from a folder regarding Ragn-Sells in Gallerian (Ragn-
Sells AB, u.d.). 

As shown in Figure 14 above, before the reconstruction of the area, three waste compactors were 
situated on the elevated reception, blocking what is today the manned goods reception. What is 
today the intermediate storage was previously used as a recycling room. The area was unmanned, 
if not counting the mall guards who had their office within the area or the deliverymen, and all 
tenants sorted their waste unattended.  

Next to where the elevated goods reception is today, one of the tenants had their own private 
permanent space, surrounded by plywood as walls, where they kept a container for construction 
waste. The remaining space worked as a parking lot and during sales peaks an additional waste 
compactor for corrugated board was installed in the parking area. The compactors were emptied 
on a regular basis, how often is unknown. According to Jens Rasch at Ragn-Sells, the number of 
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waste fractions being sorted out may have been similar to today, but due to the inadequate control 
of the tenants leaving the waste in compactors, the degree of sorting might not have been as 
structured as it is today.  

It was also mentioned that the tenants initially were negative towards the service. They claimed 
that the goods would be left in the inventory too long and had an issue with the fact that unknown 
people would be a middleman between their trusted distributors and themselves. Today, however, 
the tenants in Gallerian seem to be satisfied with the offered service, according to the landlords 
AMF and Vasakronan, see Appendix 3. 

4.2.1 Cost 

As mentioned in chapter 4.1.3 Stakeholders Involved with the service, the main customers to the 
service and, thereby, core stakeholders are the landlords that owns the commercial building. The 
landlords pay a fixed price for having service personnel at the site to manage waste and goods for 
their tenants. Additionally the store and restaurant tenants are also charged monthly for the waste 
collected in the recycling rooms, where the total cost is allocated between the tenants based on 
e.g. the characteristics of their business and rented area. For offices, which do not use the 
recycling rooms, an invoice is sent monthly and varies depending on the number of collected 
bins, their weight and the type fraction. To connect to the manned goods reception is free of 
charge, i.e. included in the rent. But if a tenant wants to have their goods delivered from the 
intermediate storage by the service personnel there is a surplus charge. Any misplace waste that 
is not traceable to the source (tenant), is added as surplus to the fixed cost paid by the landlords.  

4.2.2 Waste management in Gallerian 

Today there are around 18 recycling rooms and areas where the stores, cafés and restaurants 
tenants can leave their waste each day. The tenants have admission to only one of these rooms, 
often located close to their own business, which make the control of the waste easier for the 
service personnel. In an ordinary recycling room, according to the folder handed out to the 
tenants, the following waste fractions can be sorted (Ragn-Sells AB, n.d.): 

• corrugated paper 
• plastic wrapping 
• plastic packages 
• metal packages 
• glass packages 
• combustible waste 
• MSW 
• food waste 
• lamps and fluorescents 
• small batteries  
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The number of bins in the rooms is different depending on which, and how many, tenants that use 
it. Restaurants for example, tend to produce more MSW and will, therefore, have more of these 
bins in their assigned recycling room. Also, it was observed that most rooms with restaurants, 
tenants have bins for metal and glass containers and MSW can be disposed in cold rooms. Some 
single rooms also have bins for landfill disposal waste and restaurant grease. Except the above 
mentioned recycling rooms, there are recycling rooms where the tenants can leave waste fractions 
such as electronic waste. If the tenants are in need of hazardous waste handling, a special order is 
placed, since the personnel at Gallerian are not qualified of handling hazardous substances. It 
was occasionally observed that hazardous waste was dumped in the recycling rooms, and for such 
occasions there is a locker where these fractions can be kept safe until trained personnel arrives.  

When the service personnel empty the bins in the recycling rooms, usually 2-3 people help to 
connect the full bins and pull them by a small electric truck to the recycling area, or for the closer 
lying rooms, they push the bins by hand. The bins in the recycling rooms are emptied one to 
several times each day, depending on seasonal variation and which room it is. Each bin is 
weighted before it is being emptied and to keep track of the data, an IT system is used. The 
service personnel use a touchscreen that is fixed to the wall above to the scale. A reoccurring 
problem is the corrugated paper that, if the tenants do not fold it, gets full rather quickly.  

The office tenants do not leave their waste on their own in the recycling rooms, like the other 
tenants do. Instead they can choose to hire Ragn-Sells in Gallerian to come and collect office 
paper and corrugated paper from the offices. In Gallerian there are three compactors; corrugated 
paper, combustible and household, and three containers; two for bulky waste and one for office 
paper. The compactors have a fixed schedule for external collection, while the containers are 
emptied on demand. The office paper is collected once every 2-3 months.  

4.2.3 Goods reception management in Gallerian 

The manned goods reception is situated in one end of a rectangular shaped area, as previously 
shown in Figure 15. The loading dock at the goods reception has a capacity of three vehicles and is 
the only dock in the area that is elevated. The goods reception holds a small intermediate storage 
where packages are stored and then staged, awaiting collection or internal transport to the 
addressee. The tenants can choose to either have self-pickup or to have delivered goods as 
standard. The service personnel usually wait until after lunch to contact the customers with self-
pickup and inform them that they have goods in storage. The customers with delivery as standard 
usually get their goods after lunch as well, with a few exceptions. 

In connection to the intermediate storage there is small reception desk where transactions of 
goods between final addressee and service personnel take place. If the tenants ought to pick up 
the goods by them self, they have to collect the goods the same day or, in the case of late 
delivery, the morning after. This is due to space constraints in the storage. The internal 
communication in the goods reception between the previous day’s workers to the next day’s 
workers is transferred orally.  
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Not all deliveries are covered by service, CBS, but all delivery vehicles can use the loading dock, 
even though they are not in contact with the service personnel. As seen in Figure 15 above, on the 
opposite side of the manned goods reception, there is a large electronics store with their own 
goods reception where distributors to the whole building can park and unload. The capacity there 
is also estimated, thorough observations, to be three vehicles. There are also some freestanding 
spaces observed within the area where vehicles may choose to park. It is not allowed to park on 
places not marked as parking spots, however, from the structured observations made for this 
thesis, it is noted that this happens regularly when the two loading docks are full. The spaces are 
found on the side of each goods reception as well as on the remaining sides of the area. The 
freestanding spaces are estimated to have the capacity of three vehicles, of which one is marked 
as a parking spot. I.e. in total the area has a capacity of seven vehicles, all though practically, as 
observed, approximately nine vehicles can use goods reception simultaneously.  

The structured observations revealed that only a small part of all the deliveries were CBS, see 
Table 8. An even smaller part of the package deliveries where partly CBS which means that the 
distributors have deliveries to both the manned goods reception as well as packages not CBS. The 
remaining part of the package deliveries is observed not to use the manned goods reception when 
delivering. 

Table 8 Percentage of how many of the entering vehicles and of them, how many package deliveries that were CBS.  

Delivery type Percentage 
Package deliveries CBS 16% 

Package deliveries partly CBS 7% 
Package deliveries not using the service at all 77% 
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5. Process Simulations 
In order to evaluate the possible benefits of the service in a process efficiency and environmental 
perspective, the observed operations in the goods reception area were simulated in ExtendSim and 
run for 500 times for each scenario, see Appendix 1 for data from the observations. Based on the 
observed current situation, base- and optimal- scenarios were created. The logical flow of the 
scenarios is similar to each other; it is mainly the input data that is different. The flow chart logic 
is shown in Figure 16.  

     

Select	  random	  station	  
(stn	  1,	  2	  or	  3)

Start

Get	  delivery	  
type

Get	  delivery	  
time	  for	  

each	  delivery	  
type

Is	  the	  station	  
occupied?

Go	  to	  station.
Delay	  according	  to	  
delivery	  type	  and	  
delivery	  time

End

Store	  queue	  
statistics

No

Yes

 

Figure 16 A logic flow chart of how the simulation was built up.  

The following subchapters describes how the data from the observations were assessed and 
interpreted in order to provide parameters for the simulation program, as well as creating base 
and optimal scenarios, followed by the results from the six simulated scenarios.   

5.1 Simulation parameters 
Five parameters, identified through observations, were used to set the characteristics for the six 
scenarios in the simulation. The parameters were: 
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• Percentage share of the delivery types 
• Frequency of deliveries 
• Delivery time depending on delivery type 
• Capacity of the goods reception area 
• Number of service vehicles 

5.1.1 Delivery types 

Three delivery types were identified during the observations, namely: food-, package- and service 
vehicles. Though, technically, service vehicles do not necessarily make a pick up or delivery they 
were in this study counted as a delivery type to ease the denomination. After all observations had 
been made, the characteristic of the vehicles were colour coded and recorded, based on comments 
and identification of delivery companies in the observation protocol; green for food, red for 
service and black for package deliveries, see Appendix 1.  

The number of different vehicle types that entered the commercial building during different time 
laps was easily assessed by application of the filter function in Microsoft Excel. Vehicles 
recorded as bikes were excluded, this since they were considered not to interfere with the traffic 
flow nor reduce the capacity of the goods reception area. Table 9 shows the resulting parameters, 
regarding delivery type, used in the simulations. 

Table 9 Number of observed delivery types recorded for each day during the week of observation as well as the daily 
average. 

 Mon Tue Wed Thu Fri Average Percentage 

Package 49 57 49 51 49 51 64 % 

Food 6 13 21 14 18 14.4 18 % 

Service 17 8 14 14 19 14.4 18 % 

5.1.2 Frequency of deliveries 

The weekly average of vehicles entering the goods reception area between 6.30 am until noon, 
were divided into 30 minutes intervals. The average for each 30 minute interval were plotted, see 
Figure 17, and the plot revealed four periods that, apart from each other, had similar trends. The 
four periods were used to divide the simulation into four shifts in the simulation program. 



43 
 

 

Figure 17 The plot shows shifts used for the simulation with the number of entering vehicles for every half hour. 

To simplify the simulation model, the numbers of entering vehicles were set to enter the process 
in fixed frequencies, one frequency for each shift. This is what happens in the beginning of the 
simulation program. When one shift is over, the next one will start and the simulation program 
will run until all shifts have come to an end. The percentage quota between the delivery types 
was modelled to be the same for all shifts, assuming that all delivery types were evenly 
distributed during the day, see Appendix 1 for observation protocol. The mean and standard 
deviation for the weekly average were used in the simulation and can be seen in Table 10.  

Table 10 The Table shows how many vehicles that entered in each shift, as well as the frequency, i.e. the average 
number of seconds between each entering vehicle. 

 Shift 1 Freq. 1 Shift 2 Freq. 2 Shift 3 Freq. 3 Shift 4 Freq. 4 
Mon 11 327 19 189 23 313 21 257 
Tue 10 360 18 200 26 276 25 216 

Wed 11 327 16 225 34 211 25 216 
Thu 14 257 20 180 28 257 19 284 

Fri 15 240 19 189 26 276 29 186 
Mean  12 302 18.4 196 27 267 23.8 231 
Std. p  1.93 45.81 1.35 15.46 3.66 33.06 3.48 34.54 

5.1.3 Delivery time 

Delivery time is in this thesis defined as the time taken for a vehicle from entering the goods 
reception area until starting the motor to leave. Four different delivery times were identified; food 
deliveries, service vehicles, package deliveries CBS and finally package deliveries not CBS. 
Deliveries partly CBS were included in the deliveries “not CBS” since Ragn-Sells then could be 
seen as one of several customers that the single distributor delivered to during one stop at 
Gallerian.  
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Delivery time for each category was estimated using time data recorded during observations. All 
vehicles marked as having queued where excluded, since the purpose were to identify delivery 
time independently of external pressures such as queuing. Some vehicles were missing a time for 
departure, due to still standing at the reception until after noon when the observations stopped, 
and were, therefore, excluded in the time estimation.   

A large variation of delivery times were found, and plots of the recorded delivery times for each 
delivery type indicated an occurrence of low frequent of high numbers, see Figure 18-Figure 21. 
This, indicating that there might be outliers resulting in a misleading average delivery time.  

 

Figure 18 Graphical plot of the delivery time samples measured for food deliveries during observations at the 
investigated commercial building. Striped staples were identified as outliers and thus, excluded from the simulation. 

 

Figure 19 Graphical plot of the delivery time samples measured for package deliveries covered by the goods 
reception service during observations at the investigated commercial building. Striped staples were identified as 
outliers and thus, excluded from the simulation. 
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Figure 20 Graphical plot of the delivery time samples measured for package deliveries not/partly covered by the 
goods reception service during observations at the investigated commercial building. Striped staples were identified 
as outliers and thus, excluded from the simulation. 

 

Figure 21 Graphical plot of the time service vehicles spent at the goods reception in the investigated commercial 
building, during observations. Striped staples were identified as outliers and thus, excluded from the simulation. 
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[1] 

To reduce the risk of outliers skewing the results the interquartile ranges, IQR, for each delivery 
type was identified and used for identification of the outer fences, see Equation 1.  
 

𝑂𝑢𝑡𝑒𝑟  𝑓𝑒𝑛𝑐𝑒𝑠 = 𝑀𝑒𝑑𝑖𝑎𝑛 ± 3𝐼𝑄𝑅 

All delivery times found to be outside the outer fences were removed from the calculations. Table 
11 shows the result from the identification of outliers for each delivery type.  

Table 11 Result of the identification of outer fences for each of delivery type, respective, time is given as hh:mm:ss. 

Type of delivery 1st quartile Median 3rd quartile IQR 
Outer fences 

Lower 
limit 

Upper 
limit 

Food 00:07:00	   00:10:50	   00:15:30	   00:08:30	   <0 00:41:00	  
Service 00:05:05	   00:12:20	   00:22:52	   00:17:47	   <0 01:16:15	  

Package CBS 00:02:10 00:03:57 00:11:00 00:08:50	   <0 00:37:30 
Not CBS 00:05:00 00:10:45	   00:19:20 00:14:20 <0 01:02:20	  

Early attempts were made trying to simulate the traffic flow using the average delivery time 
based on all samples for each delivery type, including standard deviation, and excluding 
identified outliers. The results were not representative of what had been observed in terms of total 
queue time and it was concluded that the used average delivery times were not representative of 
reality.  

To solve this issue, the samples were instead divided into ten-minute intervals. The average 
delivery time and standard deviation, as well as percentage sample quote, was calculated and 
applied to the new simulations. I.e. from previously only considering one average and standard 
deviation for each delivery type, the new simulations considered 3-7 average delivery times, with 
standard deviation, for each delivery type, see Table 12. The percentage sample quote was used 
in the beginning of the simulation program to model how probable it was for a certain delivery 
type to have a certain delivery time.  
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Table 12 Table showing the average delivery time, with standard deviation, divided into 10minute intervals for each 
delivery type. 

Delivery 
type 

Time 
interval 

[min] 
0<t<10	   10≤t<20	   20≤t<30 30≤t<40 40≤t<50 50≤t<60 60≤t Unit 

Food 
delivery 

Sample 
size 33 26 7 1 - - - no. 

Quota 49.3 38.8 10.4 1.5 - - - % 

Mean 00:06:21 00:14:00 00:22:24 00:31:20 - - - hh:mm:ss 

St.dev. 00:02:23 00:02:49 00:02:26 00:00:00 - - - ±hh:mm:ss 

Package 
delivery 

CBS 

Sample 
size 23 11 3 - - - - no. 

Quota 62.2 29.7 8.1 - - - - % 

Mean 00:02:48 00:12:50 00:23:25 - - - - hh:mm:ss 

St.dev. 00:01:43 00:03:30 00:02:02 - - - - ±hh:mm:ss 

Package 
delivery 
not CBS 

Sample 
size 81 56 23 13 5 2 - no. 

Quota 45.0 31.1 12.8 7.2 2.8 1.1 - % 

Mean 00:05:07 00:14:29 00:23:33 00:34:45 00:45:30 00:57:22 - hh:mm:ss 

St.dev. 00:02:31 00:03:00 00:02:50 00:03:32 00:02:48 00:02:46 - ±hh:mm:ss 

Service 

Sample 
size 28 15 4 3 3 1 4 no. 

Quota 48.3 25.9 6.9 5.2 5.2 1.7 6.9 % 

Mean 00:04:57 00:15:39 00:24:15 00:32:53 00:41:03 00:57:20 01:09:09 hh:mm:ss 

St.dev. 00:02:43 00:02:38 00:03:47 00:02:50 00:00:26 00:00:00 00:04:55 ±hh:mm:ss 

5.1.4 Vehicle capacity of the goods reception area 

The capacity of each of the three unloading station was from the observations and were set to 
three vehicles each. A trend was noticed from the observations that some delivery types preferred 
a certain station before other unloading stations. To no surprise, deliveries CBS almost always 
parked at the manned reception side, but it was also observed that the food deliveries, not CBS, 
preferred the manned reception before the other options, while service vehicles often parked at 
the free spaces. The observations also revealed that some of the queuing vehicles waited for a 
vacant spot in a specific reception even though there were vacant spots at other stations. Though, 
most queuing vehicles parked at any reception with vacant space, even if they were to deliver on 
the opposite side of the area.  
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To simplify the simulation, a decision was made to let the model simulate that the incoming 
vehicles will choose any of the three unloading stations based on a certain probability, see Table 
13. The probability is based on observations but also the fact that, when simulating the current 
state, this was what was most consistent with reality.   

Table 13 The probability that an incoming vehicle will choose one of the three identified unloading stations 

Unloading station Probability [%] 
Manned goods reception 42.5 

Unmanned goods reception 28.75 
Free parking space 28.75 

5.2 Current state 
The purpose of simulating the current state was to get a reference to which all the other scenarios 
were created, based on observed characteristics making it possible to compare what may happen 
if the service concept were changed. Also, by obtaining a simulation of the current state a control 
of how well it represented the observed reality could be made. For the current state four observed 
delivery types, mentioned in chapter 4.2 Service Entrepreneur in Gallerian, were included in the 
simulations, namely, package deliveries CBS, package deliveries not CBS, food deliveries and 
service vehicles. Table 14 show the average result for the current state. 

Table 14 The resulting average queue length, the maximum queue length, the average waiting time, the maximum 
waiting time and the number of vehicles entering the queue block for the simulated current state, average for 500 
runs, rounded to three value digits. 

Average QL Max QL Average WT [s] Max WT [s] No. of vehicles 
0.0944 2.22 22.7 355 80.9 

5.3 Base scenarios 
The purpose of the base scenarios was to simulate how the logistic situation in Gallerian would 
be like if the investigated service concept would not exist. Four possible scenarios were created 
for comparison: 

• Base 1  – Increased delivery time 
• Base 2  – Reduced reception capacity 
• Base 3 – Increased external waste collection  
• Base 4 – Reduced reception capacity and increased external waste collection 

The following sub-chapters describe the assumptions that were made to simulate the four 
scenarios as well as the average result for 500 runs.  
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5.3.1 Base 1: Increased delivery time 

In this scenario it was assumed that there is no manned goods reception, the reception capacity is 
the same as in the current and optimal scenario and the waste is centralized. The only difference 
between this scenario and the current was the time taken for deliveries to be made. 

In the current state the deliveries that were CBS had, in average, a shorter delivery time than 
those not CBS. It was therefore assumed that if removing the goods receiving service, all package 
deliveries observed would follow the time pattern of those not CBS. The change of this parameter 
gave the following result, see Table 15. 

Table 15 The resulting average queue length, the maximum queue length, the average waiting time, the maximum 
waiting time and the number of vehicles entering the queue block for scenario Base 1, average for 500 runs, rounded 
to three value digits. 

Average QL Max QL Average WT [s] Max WT [s] No. of vehicles 
0.181 2.97 43.6 540 80.9 

5.3.2 Base 2: Reduced reception capacity 

Another possible scenario was assumed to be that the goods logistics and waste management 
would not be integrated with each other. By not integrating goods logistics and waste 
management, alternatively decentralizing waste management, an assumption was that this could 
cause conflicting interests between stakeholders managing waste and stakeholders managing 
goods. As described, the layout of the previous situation in Gallerian was not optimal for the 
purpose it served, and compactors and containers sometimes were placed so that they reduced the 
vehicle capacity, i.e. previous waste management interest inhibited the goods logistic operations. 

Therefore, in this scenario the reception capacity parameter was reduced from 9 to 8 vehicles. 
This simulation also assumed that the goods reception would be unmanned, as in the Base 1 
scenario, the results are shown in Table 16. 

Table 16 The resulting average queue length, the maximum queue length, the average waiting time, the maximum 
waiting time and the number of vehicles entering the queue block for scenario Base 2, average for 500 runs, rounded 
to three value digits. 

 Average QL Max QL Average WT [s] Max WT [s] No. of vehicles 
0.372 4.19 88.7 847 80.9 

5.3.3 Base 3: Increased external waste collection  

In this scenario it was assumed that there would be no centralized waste management. The goods 
reception capacity was kept at 9 vehicles, independently of delivery type as in the current and 
optimal state. As in Base 1, the deliveries are assumed to take a longer time, corresponding to the 
estimated time for deliveries not CBS.  

In an information sheet that Ragn-Sells made shortly after they started to operate in Gallerian, it 
is estimated that the number of waste collecting vehicles have been reduced by approximately 
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80% (Ragn-Sells AB, u.d.) The assumption was made during the time the folder was created and 
is not conducted from empirical data. However, it can give a perception of how it could be if the 
waste management was not centralized. By adding on 80% to the observed number of waste 
trucks, i.e. by increasing the percentage of service vehicles and the frequency of vehicles entering 
the goods reception area this third base scenario was simulated. Results can be found in Table 17. 

Table 17 The resulting average queue length, the maximum queue length, the average waiting time, the maximum 
waiting time and the number of vehicles entering the queue block for scenario Base 3, average for 500 runs, rounded 
to three value digits. 

Average QL Max QL Average WT [s] Max WT [s] No. of vehicles 
3.17 11.0 657 2190 94.0 

5.3.4 Base 4: Reduced reception capacity and increased external waste 
collection 

This last base scenario tried to capture the state that could be if the capacity of the reception was 
reduced, while the number of waste collecting vehicles would increase. I.e. this scenario is a 
combination of the tree previously described base scenarios, where deliveries are assumed to take 
the time measured for deliveries not CBS, the capacity was reduced to 8 vehicles and there are an 
increased number of vehicles due to an increased occurrence of service vehicles. See Table 18 for 
results. 

Table 18 The resulting average queue length, the maximum queue length, the average waiting time, the maximum 
waiting time and the number of vehicles entering the queue block for scenario Base 4, average for 500 runs, rounded 
to three value digits. 

Average QL Max QL Average WT [s] Max WT [s] No. of vehicles 
6.86 18.0 1 420 3 600 93.9 

5.4 Optimal scenario 
A manned goods reception is a key feature to reduce queues and delivery time. In the optimal 
scenario, all package deliveries are CBS. The food deliveries and service vehicles were not 
counted as “CBS”, since food handling is not a standard within the service today and service 
vehicles could be anything from a plumber to a moving company and their occurrence is not 
regulated by the service operations.  

Therefore, three delivery types were simulated in the optimal scenario: package delivery CBS, 
food delivery and service cars. Today, there is only one out of three identified docking stations, 
that are elevated and have storing possibilities for the goods; namely the manned goods reception. 
There is a probability that, if all deliveries were to be CBS, more queues may arise at the manned 
goods reception if the physical characteristics of the reception are not changed. However, this 
was not taken in to consideration when simulating the optimal state. I.e. a capacity of 9 vehicles 
was simulated in the optimal state, see Table 19 for results. 
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Table 19 The resulting average queue length, the maximum queue length, the average waiting time, the maximum 
waiting time and the number of vehicles entering the queue block for the optimal scenario, average for 500 runs, 
rounded to three value digits. 

Average QL	   Max QL	   Average WT [s]	   Max WT [s]	   No. of vehicles	  
0 1 0 0 80.9 
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6. Simulation Analysis 
In the previous chapter the six simulated scenarios were presented with conditions and average 
results for 500 runs in terms of queue length, waiting time and vehicles entering. This chapter 
assess the results from the simulations, in combination with the data from the structured 
observation, by comparison of queue time and process time, and analyse of the results in terms of 
environmental impact, which focus on emissions, and efficiency in terms of process and lead 
time.   

6.1 Queue time 
The reason for implementing the service in Gallerian in the first place was to solve the problems 
regarding the work environment where the main issue were congestion. Queue time is therefore 
an interesting factor for comparison.  

For each scenario the Average waiting time, WT, as well as number of vehicles entering the 
queue block was given. By multiplying the Average WT with the average number of vehicles 
entering the queuing block, the Average total WT the vehicles spend queuing in each scenario 
was estimated, see Table 20. 

Table 20 The table presents the resulting average total time that vehicles are found idling due to queues for each 
scenario. Results are rounded to three value digits and the confidence interval is given for a confidence level of 95% 

 Total Average WT [s] Confidence Interval [s] 
Current 1 840 ±333 

Base 1 +1 680 ±603 
Base 2 +5 330 ±957 
Base 3 +59 860	   ±4 780 
Base 4 +132 160  ±8 040 

Optimal -1 840 ±0 

A second purpose for simulating the current state, besides acting as base and reference for 
optimal and base scenarios, was to have a controlling function as to how well the observed reality 
was reflected. To make such a control the observed Average total WT is needed. In the 
observation protocol, see Appendix 1, it was found that approximately 7% of all vehicles 
entering, during the week of observation, had to queue for an unloading spot. This corresponds to 
average of 5.4 vehicles queuing during the daily observed timeframe. The observed queue time 
varied between 00:18 minutes to 16:58 minutes, with an average queuing time of 04:11 minutes 
(251 seconds).  

The average queue time, in the simulation results referred to as Average WT, was calculated by 
taking the observed time from entry to dock for vehicles recorded as queuing, and subtracts the 
average time from entry to dock for non-queuing vehicles (52 seconds). This resulted in an 
observed Average total WT of 1355 seconds, which compared to the simulated Average WT is 
rather low. But if considering a rather high standard deviation of the observed average queue time 
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of 213 seconds per vehicle, i.e. approximately 1150 seconds, it is well within what could be 
expected and, therefore, the current state was considered to be a, for the purpose, good enough 
reflection of the observed reality. Also, as discussed in chapter 2.2.5 Reliability, validity and 
objectivity, the number of observed queuing vehicles might have been higher than what was 
recorded. 

6.2 Emissions 
A pattern similar for all observed vehicles entering Gallerian, independently of mission or type 
of delivery, was that they go from the entrance to a vacant delivery spot, turn off their engine, 
make their delivery, turn on their engine and head for the exit. For vehicles that have to queue, 
the majority was observed idling while waiting, see Figure 22. 

 

Figure 22 Illustration of the observed common pattern for all vehicles entering Gallerian. 

Since there are no emissions from vehicles when the engine is off, it was considered safe to 
assume that the environmental impact of emissions correlates to the total seconds, for which each 
vehicle’s engine is running. As shown in Figure 22, above, for the system boundary an engine can 
be seen running when vehicles are queuing as well as when vehicles approach and leave their 
delivery spot.  

For scenarios Optimal, Base 1, Base 2 as well as for the Current state the total number of 
vehicles was rather stable, with an average total of vehicles around 81 vehicles per run, see 
chapter 5. Process Simulations. Since all vehicles have to travel the distance back and forth 
between the entrance/exit and delivery spot, for these scenarios it was assumed that this impact 
was equal for all the above mentioned scenarios. Therefore, the difference in seconds of engine 
running is assumed to be solely dependent on the difference in Average total WT. Assuming the 
created scenarios would be the reality and the service in its current state was implemented the 
following estimated reduction was found, see Table 21, based on the Average total WT presented 
in chapter 6.1 Queuing Time. 
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Table 21 The time difference in seconds and the obtained reduction in per cent for scenarios Base 1, Base 2 and 
optimal, relative to the simulated current state.  

 Base 1 Base 2 Optimal 
Time difference [s] +1 680 +5 330 -1 840 
Reduction [%] -47.7 -74.3 n/a 

For scenarios Base 3 and Base 4 extra waste trucks were added to simulate what might happen if 
waste management would be decentralized. The extra vehicles will add extra emissions, 
compared to the current state, as well as have an impact on the Average total WT, as shown in 
chapter 6.1 Queuing Time.  

As mentioned, from time recordings during the observation, the average docking time was 
estimated to be approximately 52 seconds, see Appendix 1. By assuming that the distance back to 
exit was the same, an average total time for vehicles to go back and forth to the delivery spot was 
assumed to be 104 seconds. In the simulation results the average total number of vehicles 
entering in Base 3 and Base 4 are approximately 94 vehicles per run, which compared to the 
current state gave an increased number of vehicles by 13.  

Therefore, Base 3 and Base 4 were given a time increase of 1352 seconds each, though the time 
increase is marginal compared to the Average total WT. With the current state as reference the 
following results for emission reduction due to time for scenarios Base 3 and Base 4 were found, 
see Table 22. 

Table 22 The time difference in seconds and the obtained reduction in per cent for scenarios Base 3 and Base 4, 
relative to the simulated current state. 

 Base 3 Base 4 
Time difference [s] +61 200 +133 500 
Reduction [%] -97.1 -98.6 

Above the emission reduction in per cent for each scenario was assessed, based on time savings 
related to congestion and number of vehicles needed to support the commercial building. Though, 
to calculate the absolute emissions more evidence regarding vehicle types, shipment weight, age 
of vehicles, type of fuel etc. is needed. This since these factors, as mentioned in chapter 3.4.1 
Road Transports and Climate, have a great impact on the characteristics and amounts of exhaust 
emitted.  

Though, it could be interesting to get an estimation of the magnitude of emissions from the 
investigated commercial building to understand what a reduction of emissions at the site means in 
a greater perspective. To assess the magnitude the basic freight calculator based on the Network 
for transport and environment’s methods and data (NTM, n.d.), was used in combination with 
emission data from a study, made at Argonne National Laboratory in 2012, on petrol fuelled 
passenger-cars idling at a constant temperature of 21̊C, see Table 23. 
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Table 23  The emission factors used to estimate the impact due to seconds of idling. Data is based on a study on a 
petrol fuelled passenger-car operating in room temperature (21°C) (Gaines, et al., 2012). 

CO2 [g/s] NOX [mg/s] THC [mg/s] CO [mg/s] 
0.588 0.0097 0.266 0.108 

The calculator needed the following input: 

• Mode of transport (road) 
• Vehicle (pick-up/van/small truck/medium truck) 
• Shipment weight [tonnes] 
• Distance [km] 

Inputs which made it suitable to assess the emissions from transient operations, such as vehicles 
going back and forth from the entrance/exit. Since the calculator is depending on a distance input, 
it was not suitable to assess emissions due to idling while queuing, which is why the study made 
at Argonne National Laboratory was used to assess stationary idling. 

6.2.1 Emissions due to queues 

The emissions deriving from the queues for each scenario was roughly estimated by multiplying 
the emission data, given in Table 20, above with the Average total WT for the current state, given 
in Table 23 in the beginning of this chapter, see Table 24. The annual estimation is based on 
operations 5 days a week, 52 weeks per year. 

Table 24 The Table shows the estimated emissions for the current state, deriving from idling while queuing. Results 
have been rounded to three value digits. 

 CO2 [kg] NOX [g] THC [g] CO [g] 
Per vehicle 1.08 0.0178 0.489 0.199 
Daily 87.5 1.44 39.6 16.1 
Annually 22 800 374 10 300 4 190 

As mentioned previously, the calculator used to estimate the emissions from transient operations, 
require estimations of vehicle type, fuel used, shipment weight and distance travelled. How these 
factors were estimated is presented in the following two chapters followed by an estimation of the 
emissions using the calculator.   

6.2.2 Vehicle types and shipment weight 

The GHG-emissions from transports are highly dependent on the size and weight of the vehicle. 
The observation revealed that the most common vehicle model in the area, during the week of 
observations, was trucks, followed by vans and last cars, see Figure 23. 
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Figure 23 Pie chart illustrating the representation of the observed vehicle type on an average daily basis basted on 
the observed weekly total. 

During the observations it was not possible to distinguish whether a truck was light or heavy. 
Though, in the interview with TNT it was found, as mentioned in the theoretical framework, that 
the truck they use for deliveries to Gallerian today has a loading capacity of 15 pallets. Based on 
the assumption that all trucks were fully loaded, and that 15 pallets correspond to a loading 
weight of between 4.5 and 6.5 tonnes (Volvo Trucks Sweden, n.d.). The variation is due to the 
weight of the vehicle, both reference trucks were classified as heavy duty.   

Light duty vehicles are assumed to have a loading capacity of 1.2 tonnes, based on technical 
information of an IVECO DAILY 35C18, wheelbase 3450 (IVECO, n.d.), commonly seen during 
observations, see Appendix 1. Vans are assumed to have a maximum weight of 1 tonne, based on 
the upper maximum load weight for a Mercedes Sprinter with a standard roof and total weight of 
3 tonnes (Mercedes-Benz, 2014). As for the cars, they were assumed to be pick-ups in the 
calculation since regular cars were not optional in the used calculator. The assumed maximum 
shipment weight for the cars was 300 kg, based on observations that the cars were rarely fully 
loaded, mostly carrying a small stack of magazines or envelopes. See Table 25 for a compilation of 
the assumed shipment weights.  

Table 25 Compilation of the assumed shipment weights for the different vehicle models used in the calculations 
estimating the carbon footprint.  

Type of Vehicle Assumed shipment weight [tonnes] 
Truck, heavy duty medium truck 4.5 - 6.5 
Truck, light duty small truck 1.2 
Van 1 
Car (pick-up) 0.3 

A few of the vehicles were observed to be running on bio fuel, but as mentioned, the main 
vehicle fuel used in Sweden is fossil based i.e. diesel or petrol. During the interview with TNT it 
was revealed that clients are asking for transports with less environmental impact, driving the 
road freight sector towards the usage of technology and operations with less environmental 
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impact, from the bottom up regarding societal level. For transports to Gallerian today TNT uses 
biodiesel (pine oil based) as standard fuel. Though, in this rough estimation of carbon footprint 
magnitude the fuel is assumed to be mainly diesel, this due to limitations in the carbon 
calculation tool used.  

6.2.3 Distance 

The area within the system boundary is fairly small in terms of transport distance, and the 
distance may vary depending on where the delivery vehicles chose to park for delivery. As 
mentioned in previous chapters, there are three possible parking options, at the goods reception 
side, the opposite side of the goods reception and free spaces on the sides and in the middle of the 
area.  

To estimate the average distance travelled the average docking time, i.e. the time from entry until 
docking, was used in combination with an estimated speed. As mentioned previously in this 
chapter the average docking time was estimated to be approximately 52 seconds. The time from 
leaving the reception until exiting the area is unknown, but assumed to be approximately the 
same as the time from entering to docking and this time was, therefore, multiplied by two for 
each vehicle. The type of delivery was not distinguished when the average docking time was 
assessed, i.e. all deliveries were assumed to have approximately the same docking time 
independently of the type of delivery. Also, not all vehicles had a recorded docking time and the 
vehicles recorded as queuing were excluded when assessing average docking time.  

The speed was not measured during the observations, therefore, the average speed in the area is 
assumed equal to an average walking speed, 5 km/h (Bergh, et al., 2002), corresponding to a 
speed of approximately 0.0014 km/s. Though, speed was observed to fluctuate depending on 
factors such as vehicle size, vehicles in the area simultaneously and driver. The estimated average 
distance is presented in Table 26.  

Table 26 The inputs and the resulting estimation of average distance travelled. 

Average time with engine on [s] Average speed [km/s] Average distance travelled [km] 
104 0.0015 0.16 

6.2.4 General emission estimation 

By typing in the assumed values regarding distance, type of vehicle and the shipment weight into 
the Basic Freight Calculator provided by NTM a rough estimation on the emissions deriving 
from each of the observed vehicle types was made, see Appendix 4. It is important to keep in 
mind that these are rough estimations. As mentioned in previous chapters, there are a large 
variety of factors affecting the emissions deriving from road freight traffic. Therefore, this 
assessment of the emissions in Gallerian can only be seen as an estimation of the magnitude.  

The results obtained by the calculator gave results for one vehicle per vehicle type, therefore, to 
estimate the daily impact the results were multiplied with the simulated average number of 
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vehicles for the current state, given in Table 14, divided between vehicle types, see Figure 23 
above. As mentioned, the share between small and medium trucks was unknown, therefore, in the 
emission calculation the share between the sub-vehicle types (medium truck with shipment 
weight 4.5 and 6.5, respectively, as well as small truck) was assumed to be evenly distributed, see 
Appendix 4 for calculations. Table 27, below show the resulting annual emissions for the current 
state.  

Table 27 The Table shows a rough estimation of the annual emissions deriving from freight transport in Gallerian 
for the current state. Based on traffic Mon-Fri 6.30am until noon. not including impact from queues. 
HC=hydrocarbons, PM= Particular matter. Data rounded to three value digits. 

CO2 [kg] NOX [kg] HC [kg] CO [kg] PM [kg] 
2.8 15.5 0.804 3.68 0.505 

For scenario Base 3 and Base 4 it was tested how the system would react if the number of waste 
trucks increased by approximately 13 vehicles each morning (80% increase in relation to the 
observed figure), this do not only affect the queues but also add to the emissions due to increased 
traffic flow. Though, the extra emissions from 13 medium sized vehicles are marginal, see 
Appendix 4, and were therefor dismissed from this rough emission estimation.  

6.2.5 Total emissions and difference 

By using the known difference in percentage between the current state and the created scenarios 
the following results, with focus on the difference between the current state and the created 
scenarios, were obtained, see Table 28. 

Table 28 The Table show the total emissions for the simulated current state and the approximate difference between 
the current state and each scenario respectively, obtained by using the time savings in percentage. Data rounded to 
three value digits. 

  CO2 [t] NOX [kg] THC [kg] CO [kg] PM [kg] 
Current 22.8 15.8 11.1 15.4 0.505 

Base 1 + 20.8 + 14.4 + 10.1 + 14.1 + 0.461 
Base 2 + 65.9 + 45.8 + 32.1 + 44.6 + 1.46 
Base 3 + 696 + 483 + 339 + 471 + 15.4 
Base 4 + 4 640 + 3 223 + 2 261 + 3 139 + 103 
Optimal - 22.8 - 15.8 - 11.1 - 15.4 - 0.505 

As shown in the Table above, the emissions increase for each scenario, while in the optimal 
scenario there are no recorded queues and the reduction of emissions is equal to the emissions 
recorded for the current state. 

6.3 Identified Time Savings and Customer Values  
From the simulations it was found that an increased queue time would occur if there would be no 
manned goods reception. From the observations in Gallerian, the average times for different 
activities during the process have been calculated. These together bring an overview of how 
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much time that is saved with the service. A Value Stream Mapping is made to identify time 
savings and value adding activities.  

6.3.1 Delivery time differences  

The observation data presented in chapter 5 Process Simulations shows an average time saving of 
06:47 minutes for the deliverymen, if the goods are CBS compared to if they were not. For an 
average day between 06.30-12.00 am, with an average number of 44 package deliveries arriving, 
food not included, almost five hours in total are saved divided on all deliverymen that morning. 
With not having the manned goods reception, which is comparable to Base 1, an Average WT for 
all vehicles entering would be approximately 42s, which of course, ought to be much higher at 
delivery peaks during the day. A summary of how much time a delivery takes for each scenario, 
queue time included, as well as the percentage differences, are shown in Table 29. 

Table 29 The total time differences between the current state and each simulated scenario for a package delivery. 
Delivery times from observations are added to the waiting time from simulations, previously shown in chapter 6.2 
Emissions. 

 Total delivery time Total waiting time Total time difference 
Scenario [s] [%] [s] [%] [s] [%] 

Current 781 100 22.7 100 804 100 
Base 1 880 - 11.3 43.5 - 47.8 923 - 12.9 
Base 2 880 - 11.3 88.5 - 74.4 968 - 16.9 
Base 3 880 - 11.3 162 - 97.0 1642 - 51.0 
Base 4 880 - 11.3 1654 - 98.6 2534 - 68.3 

The percentage illustrates how much time that would be reduced if the service were introduced to 
a Base scenario and run according to todays observed standard. Comparing an optimal scenario 
with the four base scenarios, reveals an even higher total time difference, see Table 30. 

Table 30 The total time reduction, delivery time and waiting time included, that could occur if the scenario would go 
from a base to an optimal state.  

 Total time reduction [%] 
Base 1 - 53.8 
Base 2 - 57.7 
Base 3 - 75.2 
Base 4 - 89.3 

The percentage in the table illustrates how much time that would be reduced, i.e. the time a 
deliveryman would save, if a Base scenario were the reality and then introduced to the service 
and operated according to an optimal state, i.e. all package deliveries are CBS.  

6.3.2 Value Stream Mapping of the Process 

A Value Stream Mapping highlights, as mentioned in chapter 3.2.2 Customer Value, which 
activities that bring value for the customers and which activities that are not. By eliminating 
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waste, time and buffers, the process can decrease its lead time. The incentive for having low lead 
and process times in this study, is to add value for the customers, in this case the tenants. All 
unnecessary transportation and wait are considered non-value adding and thereby considered as 
waste. 

From observations, three service families are identified: 
• Offices – with goods CBS and office paper and corrugated paper waste collection on site. 

This is the service Ragn-Sells offer offices today. 
• Stores – with goods CBS and waste handling by self-service in recycling rooms. Some 

restaurants are included in this family since they also get goods deliveries that do not 
contain food. This is the service Ragn-Sells offer stores today. 

• No service – with no goods deliveries CBS, but waste handling by self-service in 
recycling rooms. Here offices, stores and restaurants are included. Either they are not 
connected to the service, or the deliveries are for some business reason not authorized to 
pass a third part before addressing the customer. This lies under the previous described 
base scenario but is reality for many deliveries today.  

To be able to evaluate which benefits the service generates, the service families Offices and 
Stores are evaluated in an optimal scenario. The evaluation will then show what benefits the 
service has when it uses its full potential, i.e. all deliveries are CBS and all goods deliveries are 
brought to the tenants’ door by the service personnel. The service family No Service lies under 
the scenario Base 1; i.e. how the situation would be without any goods reception. However, 
several scenarios regarding the waste management could be the reality in a base scenario. Only 
the scenario with centralized waste management, with Ragn-Sells or another waste company 
operating the waste similarly to today, are portrayed and this goes under the service family No 
service. 

The VSMs conducted in this thesis are a bit special since the investigated service has several 
important stakeholders that are considered in the evaluation and that contributes to the process. 
The included stakeholders, for this case were: 

• Ragn-Sells 
• Delivery companies  
• Tenants 

In each activity of the VSM, time is listed as well as whether the activity is value adding or not. 
The value though, is different between different stakeholders. According to the eight wastes, 
described in chapter 3.2.1 Lean Principles, transport is not considered value adding and should be 
avoided, but since internal transportation up to the customer is one of the value adding attributes 
of the service for tenants, it is set to be value adding.  

The results from the Value Stream Mapping is shown in the Tables below, where Table 31 shows 
differences in lead time and Table 32 highlights the most distinct value and non-value adding 
activities. The VSMs are found in Appendix 5.  
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Table 31 Summary of the service families’ lead and process times, waste management included, given in hh:mm:ss. 

 Offices Stores Others 
Lead time 67:30:41  76:47:27  71:46:33  

Process time 00:30:41  00:47:27  00:46:33  

Table 32 Summary of the identified distinct value adding and non-value adding activities.  

Service family Activity Value adding Non-value adding 
Offices & Stores Transport of goods to inventory - Tenants 
Offices & Stores Delivery of goods Tenants - 

Offices Ragn-Sells pick up waste and walk 
back with it to the recycling area Tenants - 

No service Transport to customer and quittance Tenants Deliverymen 

No service Deliveryman walks back after 
delivering to tenant - Deliverymen 

The lead time is much higher than the process time and this is mostly due to the physical waste, 
which lies in the recycling rooms for several hours and in the compactors and containers for 
several days, but also due to the goods CBS, which lie in the intermediate storage for several 
hours. 
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7. Environmental Impact 
Previous chapters have highlighted the problems and opportunities surrounding waste 
management and city logistics in Sweden. The investigated service has been mapped and 
simulations have been made to investigate the magnitude of time savings, relieve of congestion 
and thereby achieved reduction in environmental impact. In this chapter the reduced 
environmental impact, with focus on the Swedish environmental objectives, was identified, and 
discussed. 

7.1 Reduction of emissions and Energy use 
The indicators identified as, for the study, most relevant were described in chapter 3.4.3 The 
Environmental Objectives. Six of the indicators regarded reduction of a certain emission, namely, 
emissions of GHG, NOx and PM, as well as concentration of benzene, PM and NO2 in air. Other 
indicators regarded symptoms related to emissions, such as number of people that experience 
inconvenience due to traffic exhaust, which as mentioned in the same chapter, is related to the 
indicator of number of people suffering from allergies and asthma.  

Therefore, by reducing traffic emissions, benefits may be obtained in nine indicators, related to 
all four of the Environmental objectives identified in chapter 3.4.3 The Environmental objectives, 
as most relevant to the topic and system boundary of the thesis. As shown in chapter 6 Simulation 
Analysis, emissions are most likely reduced by centralizing and integrating waste and goods 
management. The most significant reduction is found for CO2, which, as mentioned, stands for 
96% of the GHG deriving the transport sector. 

Though, the emissions assessed are only those deriving from transports and, as mentioned, a 
carbon assessment is divided into three scopes. Thereby, as shown in Figure 24 below, only Scope 
1 emissions have been assessed. One might also ask if the transport emissions really are a part of 
the service’s carbon footprint but is probably not, since the majority of the transport emissions 
derive from delivery trucks and not waste trucks. I.e. the major reduction in carbon footprint is 
caused by the service but belongs to the delivery companies.   

 

Figure 24 The three scopes for carbon footprint. 

Scope 2 emissions have not been assessed in this thesis, but as shown in chapter 4.2 Service 
Entrepreneur in Gallerian regarding the reconstruction, the number of compactors is more or less 
the same as before the reconstruction and implementation of the service. For lightning and 
elevators there is no evidence to base a discussion on. Scope 3 emissions were not assessed in 
this report either, but could from the service’s concept point of view be of interest since they 
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regard final treatment of the waste fractions. As mentioned in chapter 3.4.3 The Environmental 
objectives, MSW is an indicator for Reduced climate impact. Though, within this thesis there is 
not enough evidence regarding whether the service reduce emissions down-stream, but as 
mentioned previously controlling waste sorting may have resulted in cleaner/more homogeneous 
fractions and, thereby, opened up for better waste treatment options, though more evidence is 
needed to come to any conclusions.    

The reduction of benzene is difficult to assess, not only due to the reliability issues described 
above, but also because the emission of the substance, in the rough estimations included in the 
fraction HC and THC, is highly dependent on the type of fuel used. Actually, the reduction would 
be zero, when comparing the simulated scenarios, if eliminating all petrol fuelled vehicles. But 
,as mentioned, petrol is the most common vehicle fuel used today and considering that the goods 
reception area is inside a garage the local concentration of benzene could potentially, if the time 
engines are run within the area increases, reach harmful levels and have a negative impact on 
those operating within the area. Also NOx, which include NO2, and particles are highly dependent 
on factors beyond the reach of the service concept. But any reduction in time when vehicles are 
running or reduction of vehicles entering would have a beneficial effect on the indicator.  

As mentioned, the absolute figures are rough estimations of the magnitude and cannot be seen to 
reflect the reality. This since, many factors that may have a significant impact on the total 
emissions are unknown, such as the exact mix of fuel, the exact shipping weight, age of the 
vehicles etc. Also, these are all factors that may change, even within a year’s time. More reliable 
are the estimated reduction given in percent, since it was based on a reduction of the time 
vehicles have their engine on. If all the unknown factors could be better supported, based on 
sufficient evidence, the reduction in absolute numbers could have been assessed more accurately. 
But, one may ask the incentive to make such an extensive assessment since, as discussed above, 
the majority of the transport emissions belong to the delivery company and not the service 
operations.  

Also, as mentioned, there was a lack of data concerning the previous state, before adoption of the 
service concept. Though, such data would probably have been insufficient since the area was 
substantially changed. Besides this fact, there is no easy way of knowing exactly how the 
situation in Gallerian would be like if the service concept would not have been adopted, one 
would then have to remove it from site and make observations and recordings. 

In a larger perspective the estimated magnitude of the emissions clearly shows, and perhaps to no 
surprise, that the reduction that may be obtained is rather insignificant compared to the total 
emissions from the road freight sector in Sweden, not to mention EU. But, considering that all 
commercial buildings would show similar reductions by implementing the service concept, a 
significant reduction to the transport sector’s total emissions may be obtained.  

Assuming that all commercial buildings in Sweden would have the same reduction of CO2 by 
47.5-98.6% by implementing a corresponding service, there is much to gain. Also, by quicker 
deliveries there is a possibility that the total number of vehicles could be reduced, since one 
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driver then, technically, could make more deliveries/stops during a day. Though, this study only 
assesses one commercial building and it is therefore rather naive to come to such a conclusion 
without making similar studies on other commercial buildings. Another interesting prospect 
could also be if the service concept would have a corresponding effect on commercial buildings 
located in another city or country. 

Though, even if this service concept would be implemented in all commercial buildings, it only 
mitigates problems that derive from a system that need to change. As an example the increased 
demand for JIT-deliveries have made it more difficult for delivery companies to use the 
maximum capacity of their vehicles, which in turn may lead to a growing vehicle fleet to cover 
the demand. Also, questions regarding optimization of returns need to be assessed since the 
return flows have increased due to directives making it easier for consumers to return items 
bought online. Consolidation centres could be a solution, but such implementation is complex 
due to the many stakeholders affected and it is, therefore perhaps, a problem that needs to be 
solved in an higher instance. The service concept is, in itself a small scale consolidation centre, 
where the number of stakeholders interactions have been reduced for more efficient deliveries 
and waste management. 

An important question that needs to be asked is who is benefitting from the reduced 
environmental impact? In a holistic perspective, all of us, but keeping the discussion to the 
stakeholders described in this thesis, the answer is that the main benefiters are the delivery 
companies.  Also, by a reduction of time and, thereby, environmental impact due to emissions, 
the delivery companies gain economic benefits in terms of fuel savings and by smoother and 
quicker deliveries, less vehicles are needed to meet a fixed demand. I.e. one vehicle can manage 
more stops during the day. An interesting point here is that the stakeholders that seem to benefit 
the most, delivery companies, do not pay for the service.  

Sure, less emissions improve the air quality and, thereby, the work environment and the ease of 
congestion is, on the other hand, an important factor for Ragn-Sells in terms of customer 
satisfaction and, thereby, a corner stone for continued business. The reducing effect of total 
emissions could be used as a selling argument, but as efficient is the fact that the service is 
estimated to reduce the total queuing time by, based on the simulations all from 18 minutes to 37 
hours. Also interesting is that, by obtaining a higher coverage of package deliveries the queues 
could be eliminated. But if the customer is satisfied with the service and the environmental 
benefits mainly are to an external stakeholder that is somewhat a free rider there is little incentive 
for any stakeholder to increase the coverage, other than the possibility for Ragn-Sells to increase 
the income from internal deliveries from the intermediate storage to customer. But whether this is 
economically viable, is off this topic. 

Last but not least, energy use was not assessed in this thesis, but as described previously, it has a 
strong connection to emissions when regarding transports. And thereby, it is fair to assume that a 
reduction in energy has been obtained.  
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7.2 Municipal Solid Waste and Recycling 
Six indicators, identified in chapter 3.4.3 The Environmental Objectives, regard MSW and 
recycling, namely, amount of MSW produced and the recycling quote of glass, paper, metal, and 
plastic containers. These indicators are mainly connected to A non-toxic environment and A good 
built environment. As mentioned in the previous chapter, the investigated service has, most 
likely, an effect on these indicators, but it has been difficult to assess and compare to a scenario 
where the service concept has not been adopted.  

The service does not always include management of a goods reception and it seems unlikely that 
in commercial buildings where Ragn-Sells are not operating, waste management would not to 
some degree be centralized, based on the fact that sorting waste at the source results in a lower 
waste treatment fee, as covered in chapter 3.1 Waste Management, where ICA claims to have 
saved 150 000 kr per quarter by improving their sorting.  

Before the implementation of the service ten years ago, the tenants had to go to the goods 
reception area to sort their waste in three to four compactors, depending on season, and to some 
extent leave waste in the room where the intermediate goods storage is today. As also, as 
mentioned, it was observed that some waste had been misplaced in the recycling rooms, which 
gets reported and corrected by the personnel at site.  With these observed and orally obtained 
facts in mind it is not unlikely that potentially hazardous fractions where dumped previously 
when the area was, to the recollection of persons around at time, unmanned. Though, compared 
to the previous state, this extra, somewhat controlling, operation may have a strengthening impact 
on the correctness of the waste statistics, which is important if it is to be used in environmental 
management and reporting for continuous improvements. But, this is merely a speculation.  
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8. Benefits in terms of Process Efficiency 
The following chapter will discuss the process today and what benefits it has brought, but also 
highlight identified issues. The benefits are discussed starting with customer value and ending 
with an overview of the performance indexes described in the literature study.  

8.1 Customer Value Related to the Service 
Since the documentation from the time before the implementation of the service was scarce, it is 
difficult to measure the exact benefits generated. Though, the simulations give an indication of 
how the situation could have been if the internal logistics and centralized waste management 
would not have been there. The focus here lies in time savings and reductions of queues 
connected to manned goods receptions, even though, a certain improvement was shown by 
optimizing the waste collections through centralized waste management.    

Other benefits to discuss regarding process efficiency, can only be distinguished by assuming 
what the situation would be like if there was no manned goods reception as well as no 
centralization of the waste management. However, as described in chapter 7.3 Municipal Solid 
Waste and Recycling, the case of not having any centralized waste management at all in 
Gallerian is unlikely. Therefore, the discussion below, regarding customer value and 
performance indexes, focuses on the activities observed during the observations in Gallerian. 

When comparing the three service families, the service activities connected to Offices are the 
largest time savers, both comparing lead and process times. It also has the most value adding and 
fewest non-value adding activities. The value comes with both having the waste picked up direct 
from site, which saves time, but also that they get statistics for their waste volumes without 
having to manage the waste longer than to the assorted waste room in the office area. This 
statistics is important for companies that want to measure their progress towards a greener 
company.  

The service family labelled as No service, which is equivalent to scenario Base 1, was actually 
quite better than the service family Stores when comparing process and lead time, though, Stores 
bring much more value to the tenants. Playing with the thought of not having a centralized waste 
management it could potentially lead to reduced lead-times, due to the increased frequency of 
waste returns from site, but could instead bring consequences in form of increased congestion in 
the area and, thereby, reduced customer satisfaction from the tenants.  

8.1.1 Delivery companies 

Focusing on time, the investigated service makes the delivery companies the largest timesavers, 
and this consequently brings value to them in terms of profit. Another great value comes with 
mitigation of safety and security risks that otherwise are a big issue for deliverymen who are 
delivering in unmanned goods receptions. The benefits of cutting delivery times can also be an 
advantage when broadening the perspective outside the system boundaries. With optimized 
delivery times, more JIT-deliveries can be made by the same truck, possibly increasing the 
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loading utilization and thereby decreasing the vehicle fleet. When the outgoing waste returns are 
optimized due to centralized waste handling, the number of waste trucks needed might be 
reduced as well. Even though these assumptions are not possible to prove in this thesis they may 
imply that the investigated service decrease the problems with city congestions, hence might be 
interesting to study further.     

8.1.2 Tenants 
For the tenants, the service brings value since they, with the manned goods reception, can collect 
the goods in the intermediate storage at a time that suits them best. This is valuable since it is 
often the amount of costumers visiting Gallerian and not the tenants, who decide the workload 
and consequently, how the tenants’ workday is scheduled. The waste management included in the 
service also brings value to the tenants since the stores and restaurants are able to sort their waste 
according to laws and directives without having to make room for this in their already small 
areas, and they do not have to spend time coordinating external waste collection.  

Today, the tenants can choose whether they want the goods delivered to them or if they want to 
collect it by themselves from the intermediate storage. For them, the value of the service comes 
with the tenants who want to have the goods on site right before they open their business. One 
way for the service to achieve this is to offer the tenants a greater influence on what time the 
delivery should be done. Also, if the tenants have a dialogue whit their distributors, they may be 
able to influence the delivery time, e.g. to be early in the morning, and if the service personnel 
then would deliver these packages before Gallerian opens, the tenants would be able to have the 
goods unpacked before their customers arrive.  

8.1.3 Landlords 

For the landlords, the values are many with having a manned goods reception and centralized 
waste management, especially, when looking at customer satisfaction from their tenants. Several 
companies on the market, however, offer these services. What makes this service unique is that 
the same company operates both goods and waste logistics. This might cut cost for the landlords, 
who save both fixed personnel costs for the service personnel as well as administrative work. 

8.2 Performance Indexes Related to the Service 
The investigated service is in this chapter discussed based on the performance indexes presented 
in the Theoretical Framework. The focus lies in what have been observed during observations 
without going in deeper about other scenarios that could have been the case if the service was not 
there.  

8.2.1 Time 

As highlighted before; the service saves time, which consequently brings value for all timesaving 
stakeholders. It especially saves time for the delivery companies, which can cut delivery times 
significantly when they do not need to queue to unload and they do not need to transport the 
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goods all the way to the customer within the commercial building. The five hours that are saved 
during an average morning in Gallerian, shown in chapter 6.3 Identified Time savings and 
Customer Value, can be used much better by the deliver companies. If zooming out and looking 
at other goods recipients in Stockholm City, the deliverymen’s walk up to the customers in 
Gallerian is considered time waste for other goods recipients i.e. tenants in other commercial 
buildings, since that walk results in their goods getting delivered later. 

The tenants, and especially the offices, save time by not having to manage the waste. However, 
as seen in the last referred chapter, the service increases the lead time when the goods has to be 
transported to the storage and wait there for several hours, time that from a Lean perspective is 
considered as waste. The lead time is also increased by the physical waste which first lies in the 
recycle rooms and then in the compactors/containers before it leaves the system boundaries. This 
however, does not have a direct negative effect on the customers (landlords and tenants) and is 
thereby not an important time measure when it comes to customer value connected to lead time.  

8.2.2 Quality 

No specific measures have been made to measure the quality of the service, but a discussion 
based on the five dimensions of customer satisfaction, previously described in chapter 3.3.3 
Customer value, is made here. The reliability, or doing what is promised, was stated to be the 
most important dimension, closed followed by responsiveness. The reliability of the service is, 
from observations, believed to be rather high; Ragn-Sells deliver the goods and collect and weigh 
the waste. The procedure is not complex and this may be the reason for the reliability. However, 
as mention in chapter 4.2 Service Entrepreneur in Gallerian, the service level could increase and 
this consequently would increase the responsiveness of the service. 

8.2.3 Cost 

The aspect of cost has not been a part of this study but is relevant to investigate in further studies. 
It could, though, be interesting to discuss the potential cost benefits for the identified 
stakeholders. The big winners with the service concept are the delivery companies, who can 
streamline their deliveries and save time, resulting in lower cost, and may be able to expand their 
capacity, resulting in increased profit. However, sub-contractors to 3rd party logistics companies 
are not benefiting from the service since this means that they only get one customer, in this case 
Ragn-Sells, instead of several customers in the commercial building.  

Depending on the contract, the service may bring extra costs for the tenants regarding goods 
management. Standard contracts between delivery companies and their customers often include 
last mile delivery to the customer’s door. If the deliverymen leave the goods at a goods reception 
and the tenants still want the goods delivered to their door, the tenants have to pay twice for the 
last mile delivery; both to Ragn-Sells and to the delivery company, with reference to standard 
contracts. Lastly, as mentioned, landlords benefit by only having to pay one company for the 
services, reducing administrative and personnel costs. 
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8.2.4 Flexibility 

Ragn-Sells are, based on observations, considered good at being flexible for their customers, i.e. 
the tenants in Gallerian. They meet the tenants on a daily basis and develop relations with them. 
If the tenants need help with something, the Ragn-Sells personnel may be there to help and e.g. if 
the tenants inform that they will not have time to collect the goods from the storage, the 
personnel may give them the possibility to wait until the next morning. This brings value to the 
customers and is also good for the relationship between them and the Ragn-Sells personnel, but it 
does not bring direct profit to Service Entrepreneur. To connect to the chapter 3.3 City Logistics 
and Supply Chains, a service is either efficient or responsive, where efficiency is connected to 
lower costs, and responsiveness with increased costs. It is important that the customers know that 
Ragn-Sells is there to help them if needed, but they should not perform work tasks for free.  

Though, as mentioned, the service in the commercial building has room for improvements. The 
authorization of what the personnel could do for their customers should be transferred from the 
management team at Service Entrepreneur down to the Gallerian personnel. This goes hand in 
hand with the Lean philosophy, touched upon in chapter 3.2 Lean Thinking, of educating and 
trusting the employees, who are the ones that know the actual work tasks better than anyone else. 
More precise standards would help to back up the service personnel when they must make a 
decision whether to charge customers for a certain task or not. I.e. the standards could, thereby, 
give the personnel more confidence in how to act towards the customers, and this could improve 
the service significantly. 

If looking at Service Entrepreneur on a higher level, the service needs to be flexible to cope with 
future laws and regulations. As mentioned in chapter 3.1.5 Future Prospects, collection of food 
waste as well as textiles, could be the reality in the near future. These prospects are something 
that wastes companies such as Ragn-Sells ought to have knowledge about. This brings a great 
value for the landlords, which can exchange knowledge with the waste management company 
when this is introduced. Also, the road fright sector is not included in the cap and trade described 
in chapter 3.4.2 Stakeholders and Mechanisms, today. However, if the road fright sector would be 
included in the cap and trade system, the investigated service may play an important part due to 
the reduced GHG emissions resulting from the service.  

8.2.5 Inventory 

As mentioned in chapter 4.2 Service Entrepreneur in Gallerian the tenants initially were negative 
towards the service since they did not like that the goods would be left in the inventory. In Lean 
terms inventory is seen as waste, which means that the tenants are right. Also, transporting the 
goods into the inventory is considered as a non-value adding transportation and could be avoided 
by delivering the goods right after it is received, if recourses such as time, pallet trucks and 
personnel are available. Though, important to note is that this is only true for the Optimal 
scenario. Since many deliveries are collected by the tenants from the intermediate storage, the 
inventory is essential.   
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9. Cross Analysis 
This chapter combines the two previous chapters, where environmental impact and process 
efficiency were discussed. Besides a merge of the previous discussions, a list recommendation for 
future improvement as well as future studies on the topic is presented. 

Both the literature study and the simulation results, indicates that by implementing a manned 
goods reception as well as centralizing waste management, both environmental advantages and 
increased efficiency may be obtained. As mentioned in the two previous discussion chapters 
much of the relief in environmental impact is related to reduction in time and in efficiency. But 
what are the benefits of integrating the manned goods reception with the centralized waste 
management, i.e. having one company manage both, as was the aim of this thesis?  

The major strength identified is the reduction of the number of stakeholders. This since it, as 
mentioned in chapter 3.3.1 City logistics, is often difficult to reach a common logistics solution, 
whether the objective is related to profit, service level or environmental management, due to the 
many stakeholders involved. Also, as shown in Figure 6 in chapter 3.4.4 Carbon and Energy 
Footprint, the first step towards successful continuous improvement is commitment, which goes 
hand in hand with the Lean philosophy and continuous improvement.  

By having one stakeholder in charge of both activities, waste respectively goods management, in 
commercial buildings, the two services can be streamlined and thereby optimized as an entity. 
This also mitigates, if not eliminates, the risk of conflict where one part may feel the other part is 
benefitting on the cost of their delivered service. Streamlining companies/organizations/services 
is important within the Lean philosophy if, as mentioned in chapter 3.2 Lean thinking, a company 
wants to evolve in a long term perspective; one shall not focus on only making profit in one 
section of the company but to make profit for the company as a whole.  

Benefits for the landlords, who are the main customer as described in chapter 4.1.3 Stakeholders 
Involved with the Service, with a reduction of stakeholders, is partly that the communication is 
facilitated and partly that the administrative work is eased by a reduction of contracts. It may also 
add value to the landlords’ customers, the tenants, if communication channels, and who is 
responsible for what, is clear. This since it may mitigate frustration deriving from being passed 
on from stakeholder to stakeholder when looking for assistance regarding logistical questions. 
Another benefit worth to highlight is the safety risks regarding theft and fire, described in chapter 
3.3.2 Goods Receptions in Commercial Buildings, which can be mitigated when there are 
personnel keeping track of pallets and other flammable material in the area, and by doing so keep 
emergency exits free from obstacles.  

Flexibility, discussed in chapter 3.2.3 Performance Indicators, is another important benefit from 
integration and streamlining of the two services. The service have little impact, as discussed in 
chapter 6.2 Emissions, on the number, time, and type of delivery vehicle that enters the 
commercial building. Though, one flow that the service to some degree can control is the number 
and frequency of waste trucks, which as shown in the simulations, see chapter 6 Simulation 
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Analysis, have a mitigating effect on the congestion. Thereby, if the number of deliveries peak, 
the service could, theoretically, change the pattern for waste collection to mitigate congestion. 
Flexibility and streamlining also play an important role when having to adapt to new laws and 
legislation. E.g. if all restaurants were to have to sort their food waste, a probable measure since, 
as mentioned in chapter 3.1 Waste management, much effort is made to increase sorting of this 
fraction, is that the area would have to be transformed to facilitate management of that extra 
fraction. The same goes if textiles were to be sorted in a separate fraction etc.  

The integrated service showed proof of facilitating in this area when assisting in the 
reconstruction of the area ten years ago, as mentioned in chapter 4.2 Service Entrepreneur in 
Gallerian. Though, since there was a lack of documented evidence of the operations in the area 
before the reconstructions, the benefits deriving from the reconstruction are difficult to assess. 
But it was indicated, as mentioned in chapter 4.2 Service Entrepreneur in Gallerian, that the old 
layout reduced the vehicle capacity due to the placement of containers and compactors. And as 
shown in the simulations, by reducing the vehicle capacity and removing the goods reception the 
Average total WT is increased by approximately 74.3% (in the simulations corresponding to one 
hour and 28 minutes), compared to the simulated current state. Though, an interesting simulation 
result is that, the service ease congestion even in the new layout, and that rather small changes in 
total delivery time, capacity and number of vehicles have a rather significant effect on the 
congestion and thereby the efficiency and environmental impact.  

Though, worth noting is that the main benefiter in terms of both efficiency and environmental 
impact are the delivery companies, who actually could be seen as free riders since they do not 
pay for the service. With the benefits and challenges in mind the following chapters presents the 
overall recommendations for further development of the service concept as well as 
recommendations for further studies.  

9.1 Overall recommendations 
Both the structured and unstructured observations in Gallerian have, together with results from 
mapping the current state and simulating the scenarios, led to a list of improvement points and 
overall recommendations. The suggestions are based on the Gallerian study, but may also be 
applicable on other commercial buildings with a similar attributes and service concept.  

• Increase the number of deliveries CBS. From a strict environmental and efficiency 
point of view the number of deliveries CBS should be increased since it has the potential 
to further reduce queues and, thereby, further reduce transport related emissions and 
increase efficiency, as shown in the simulated optimal scenario. Though, a major issue 
identified is, as discussed, who benefits from these improvements. Therefore, the 
challenge lies in finding ways to make such a measure profitable for the core 
stakeholders.  
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• Consider delivering goods to customers at specific hours. Since the deliveries up to the 
customers are one of the surplus activities that generate money for Ragn-Sells, besides the 
fixed price for having personnel at site, this ought to be increased. A first thing that could 
be done is to see if the tenants would be more benign to pay for deliveries if they had the 
ability to specify the last mile delivery time. Looking at the condition today, where a 
rather small percentage of the deliveries are CBS, the number of immediate deliveries to 
customers could be much higher than what it is today. When considering this suggestion, 
the work task schedule must be revised since this may increase the workload in the 
mornings and reduce the workload in the afternoon.  

• Expand the business to include intermediate management of returns. If the customers 
trust Ragn-Sells with dealing with their ingoing goods, they ought to trust them with their 
outgoing goods as well. As mentioned in chapter 3.3.1 City Logistics, there is an 
increasing trend in returns. In a future scenario unstructured management of returns, with 
possible longer delivery times, which as shown in the simulation analysis could lead to 
congestion issues. Such an expansion could help reduce the number of vehicles needed in 
the already congested city core while at that same time reduce the GHG emissions from 
city transports. If the tenants are willing, Ragn-Sells may also be able to charge them with 
a small amount for the expanded service, resulting in an increased turnover for the 
service.  

• Expand in-data to the PDA-system. A problem when conducting this thesis was to find 
information about number of deliveries CBS, this since only the number of packages was 
recorded for each day. If the PDA also would register the time the goods arrived, it would 
be possible to use this when planning work schedules as well as to measure the changes in 
capacity utilization of the reception. If the deliveries were to increase substantially, this 
could be a good proof and argument for reworking contracts and fixed costs.   

• Consider to install scales for the tenants to weigh their waste. As for reporting, and 
environmental management; today all waste is weighted and recorded, as mentioned in 
chapter 4.2.2 Waste management in Gallerian, and the statistics is sent to the landlords 
annually. Though, since the price for the waste management service is somewhat fixed 
and divided between the tenants according to an allocation formula it is therefore difficult 
to, for each unit, distinguish the share of total waste that they have contributed to. I.e. the 
landlords can use the waste statistics in their environmental reporting but unfortunately, 
not the tenants.  

As mentioned in chapter 3.4.3 The Environmental Objectives, there is a trend of adopting 
environmental management standards, where reduction of waste is an objective. And as 
mentioned in chapter 3.4.4 Carbon and Energy Footprint, environmental management 
strive towards continuous improvements where the second step is to identify the current 
state. I.e. if a company do not know how much and in which fractions they produce waste, 
how are they to know if they have made progress on that area?  
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The question is, should and could scales be implemented into the service concept in a cost 
efficient way or should it be up to each company to weigh their fractions before sorting? 
For implementing it into the service the process would have to be remodelled to track 
fractions to tenant. If a solution could be found this would significantly benefit 
environmental reporting.  

• Introduce standards. The routines may be different due to architectural and customer 
differences. But if Ragn-Sells and Service Entrepreneur want to develop and streamline 
their organisation, standards must be set to be able to measure the progress of 
improvement work. As mentioned in 8.2.4 Flexibility, standards could help to back up the 
personnel when they must make fast decisions and give them more confidence in how to 
act towards the customers, resulting in better service. To measure progress and customer 
satisfaction between different commercial buildings, the work tasks must be standardized 
among them.  

• Organize the whiteboard in the break room. This is an example of one standard that 
easy could be implemented. The whiteboard is a good place for information to be 
disseminated. The board is today messy and unstructured and could be organized with a 
Kanban board2 as inspiration. A specific board for goods related activities could also be 
placed at the goods reception. Any information, e.g. regarding customer packages staying 
overnight, should be documented on the whiteboard instead of communicated orally. 
Since hired personnel are common, structure and information sharing is even more 
crucial. 

9.2 Recommendations for future studies 
The effects, and potential benefits, of the service concept regarding the social factor, such as the 
work environment, were beyond the system boarder of this thesis. But, it is never the less an 
interesting aspect. Not only because it is one of the three areas regarded in the triple bottom line 
for sustainability (the other two being the environment and economy), but also since many of the 
environmental benefits have benefitted the work environment. In a holistic perspective the effects 
on the work environment have probably had a greater magnitude than the strictly environmental 
benefits regarding climate impact since the effects of the later is rather small compare to the 
whole sector.  

Work environment is more local and therefore perhaps better suited for the chosen system 
boundary. To start with, it would be interesting to see how this service has changed the work 
environment for the stakeholders involved, such as the deliverymen and tenants. For future 
studies however, it is important to also investigate the work environment for the today working 
service personnel. Though, a study on the benefits of the service concept on the work 
environment is better suited before implementation, so that a solid before-and-after analysis could 

                                                
2 A Kanban Board is a visual management board, commonly used within Lean. The purpose is to visualize the work 
in progress and improve communication between the team members (LeanKit, 2013). 



74 
 

be made. In the case of this type of study, where the service has been running for a decade, the 
identified benefits related to work environment became, more or less, loosely based speculations.  

The degree of waste sorting has not been covered in this study. To be able to investigate the 
benefits of the service fully, further studies regarding the tenants sorting behaviour and 
knowledge could be made and compared with not having centralized waste management. Another 
interesting topic, that was touched upon in chapter 7.1 Reduction of emissions and Energy Use, is 
how to make a carbon and energy footprint of the service. If there was a method developed for 
this and it was implemented, the magnitude of the results of this thesis in terms of emissions 
could be strengthen and development towards continuous improvement in terms of climate 
impact could be taken into operation. This could also, depending on the method developed, be 
used to compare commercial buildings where the concept is adopted and thereby possibly help 
identify bottlenecks in the production.  

Last but not least, the economic benefits could be of interest. Since the service in Gallerian is not 
using its full capacity when operated, product owner could benefit from using the results from 
this thesis as an incentive to make a cost benefit analysis. If the environmental, social and 
economic impacts are mapped, analyses of the service concept in terms of sustainability could be 
assessed.  
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10. Conclusion 
The aim of this thesis was to investigate the potential benefits regarding process efficiency and 
environmental impact that may be achieved when logistics and waste management operations are 
integrated and centralised in commercial buildings in Stockholm. The identified process was built 
up by two services, a manned goods reception with internal logistics combined with centralized 
waste management.  

The results show that the delivery companies are the stakeholders that benefit the most from the 
service concept, both in terms of environmental impact and process efficiency. The main benefits 
identified with the service in regards to the Swedish environmental objectives were a reduction of 
emissions from vehicles, mainly due to shorter queues and a reduction of waste trucks. 
Simulations revealed a possible reduction of total queue time between, 47.7-98.6% depending on 
reference scenario. However, the biggest emission reduction is obtained by other factors, such as 
fuel, which is a factor out of the service’s control. E.g. if the use of petrol fuelled vehicles cease 
to exist there would be no emissions of benzene and the service would not contribute to any 
reduction of that indicator. 

When the different scenarios was modelled, simulations showed that the greatest benefit with 
having a manned goods reception, in terms of process efficiency, is shorter delivery times, 
resulting in reduced queues. Comparing simulations results from an optimal state, where all 
package deliveries are received by the reception, with not having a manned goods reception, the 
average deliveryman saves 75.2% in delivery time, with average queue time included. This 
comparison also includes the increased number of waste trucks that could potentially circulate in 
the area if there were no centralized waste management. If a scenario with no manned goods 
reception and no centralized waste management would be introduced to a service with today’s 
measures, the time savings are estimated to be 53.8% for an average delivery.  

When the two processes of logistics and waste management are combined, the main benefit 
identified in terms of process efficiency is that the two services can be optimized and thereby 
streamlined as an entity. This has a positive effect on the service’s customers, since the landlords 
can cut fixed costs and administrative work while their service level towards the tenants is 
increased. 
  



76 
 

11. References 
Allen, J. & Browne, M., 2012. Sustainability strategies for city logistics. In: A. C. McKinnon, M. 
Browne & A. E. Whiteing, eds. Green logistics: improving the environmental sustainability of 
logistics. London: Kogan Page, pp. 289-311. 

Aronsson, H. & Huge Brodin, M., 2006. The environmental impact of changing logistics 
structures. The International Journal of Logistics, pp. 394-415. 

Avfall Sverige, 2013. Svensk avfallshantering 2013, Malmö: Avfall Sverige. 

Bergh, T., Moberg, J., Anders, S. & Fridh, L., 2002. Vägutformning 94 Version S-2 - Del 1-3 
Läsanvisning, Dimensioneringsgrunder, Grundvärden, Borlänge: Vägverket. 

Bergman, B. & Klefsjö, B., 2010. Quality: From Customer Needs to Customer Satisfaction. 
Lund: Studentlitteratur AB. 

Bretzke, W.-R., 2013. Global urbanization: a major challenge for logistics. Logistics Research, 
6(2-3), p. 57–62. 

Cherett, T., Maynard, S., McLeod, F. & Hickford, A., 2012. Reverse logistics for the 
management of waste. In: 2nd, ed. Green logistics: improving the environmental sustainability of 
logistics. London: Kogan Page, pp. 253-270. 

Chopra, S. & Meindl, P., 2013. Supply chain management: strategy, planning and operation. 5th 
ed. Harlow, Essex: Pearson Education. 

Eglese, R. & Black, D., 2012. Optimizing the routing of vehicles. In: A. C. McKinnon, M. 
Browne & A. E. Whiteing, eds. Green logistics: improving the environmental sustainability of 
logistics. London: Kogan Page, pp. 223-235. 

Ek, A., 2014. Mile-stone targets: The Swedish EPA. [Online]  
Available at: http://swedishepa.se/milestone-targets 
[Accessed 07 05 2014]. 

European Comission, 2008. Kommissionens förordning (EG) nr 692/2008 av den 18 juli 2008 
om genomförande och ändring av Europaparlamentets och rådets förordning (EG) nr 715/2007 
om typgodkännande av motorfordon med avseende på utsläpp från lätta personbilar och lätta 
nyttofordon. Official Journal of the European Union. 

European Comission, 2013. EU TRANSPORT IN FIGURES - A STATISTICAL POCKETBOOK 
2013, Luxembourg: Publications Office of the European Union. 

European Comission, 2014. Emissions Trading System: Climate Action Policies: European 
Commission. [Online]  
Available at: http://ec.europa.eu/clima/policies/ets/index_en.htm 
[Accessed 11 03 2014]. 



77 
 

European Comission, 2014. Road transport: Reducing CO2 emissions from vehicles. [Online]  
Available at: http://ec.europa.eu/clima/policies/transport/vehicles/index_en.htm 
[Accessed 25 04 2014]. 

European Parliament, Council of the European Union, 2006. DIRECTIVE 2006/12/EC OF THE 
EUROPEAN PARLIAMENT AND OF THE COUNCIL of 5 April 2006 on waste. Official 
Journal of the European Union, pp. 9-21. 

European Parliament, Council of the European Union, 2008. Directive 2008/98/EC of the 
European Parliament and of the Council of 19 November 2008 on waste and repealing certain 
Directives. [Online]  
Available at: http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32008L0098 
[Accessed 25 Mars 2014]. 

Franchetti, M. J. & Apul, D., 2012. Carbon Footprint Analysis; Concepts, Methods, 
Implementation, and Case Studies. Boca Raton: CRC Press. 

Frostell, B., 2012. Lecture in the coure MJ2682 Applied Environmental Systems Analysis. 
Stockholm: Institution of Industrial Ecology at the Royal Institute of Thechnology, Unpubliched. 

Gaines, L., Rask, E. & Keller, G., 2012. Which is Greener: Idle, or Stop and Restart? - 
Comparing Fuel Use and Emissions for Short Passenger-Car Stops, Chicago: Argonne National 
Laboratory . 

Gallerian, 2011. Om Gallerian: Gallerian. [Online]  
Available at: http://gallerian.se/om-gallerian-fakta/ 
[Accessed 13 03 2014]. 

IVECO, n.d. DAILY 35C18 / 35C18/P CHASSIS CAB WITH TORSION BAR FRONT 
SUSPENSION - SPECIFICATION SHEET. [Online]  
Available at: 
http://web.iveco.com/latvia/collections/technical_sheets/Documents/Ecodaily/Chassis/Euro4/35C
18%20(TO)%20Euro%204_EN.pdf 
[Accessed 20 05 2014]. 

Jenssen, M., 2002. Bra avfallshantering hos företag - Underlagsrapport till uppdrag om ett 
ekologiskt hållbart omhändertagande av avfall, Stockholm: The Swedish EPA [Naturvårdserket]. 

Keyte, B. & Locher, D., 2008. Lean handboken: värdeflödeskartläggning inom administration, 
service och tjänster. 1st ed. Malmö: Liber. 

Kågeson, P., 2008. Transporter och klimat -Om koldioxid och handel med utsläppsrätter. 1st ed. 
Stockholm: SNS Förlag. 

LeanKit, 2013. Why Use Kanban Boards?. [Online]  
Available at: http://leankit.com/kanban/why-use-kanban-boards/ 
[Accessed 09 06 2014]. 



78 
 

Liker, J. K., 2004. The Toyota Way, 14 Management Principles from the Worlds Greatest 
Manufacturer. New York: McGraw-Hill. 

Maylor, H., 2010. Project Management. 4th ed. Essex: Pearson Education Limited. 

McKinnon, A. C., 2012. The role of government in promoting green logistics. In: A. C. 
McKinnon, M. Browne & A. E. Whiteing, eds. Green logistics: improving the environmental 
sustainability of logistics. London: Kogan Page, pp. 347-366. 

McKinnon, A. & Edwards, J., 2012. Opportunities for improving vehicle utilization. In: Green 
logistics: improving the environmental sustainability of logistics. London: Kogan Page, pp. 205-
222. 

Mercedes-Benz, 2014. Sprinter Skåpbil: Mått och vikter. [Online]  
Available at: http://www2.mercedes-
benz.se/content/sweden/mpc/mpc_sweden_website/sv/home_mpc/van/home/new_vans/models/s
printer_906/panel_van_/data/dimensions.html 
[Accessed 20 05 2014]. 

Nationalencyklopedin, 2014. Avgaser. [Online]  
Available at: http://www.ne.se.focus.lib.kth.se/lang/avgaser 
[Accessed 29 05 2014]. 

Naturvårdsverket , 2013. Förslag till etappmål: Textil och textilavfall, s.l.: s.n. 

NTM, n.d. Basic Freight Calculator. [Online]  
Available at: http://www.ntmcalc.se/index.html 
[Accessed 09 06 2014]. 

O´Leary, Z., 2010. The Essential Guide to Doing Your Research Project. 3rd ed. London: SAGE 
Publications Ltd. 

Petersson, P., 2010. Lean: turn deviations into success! : with examples from manufacturing, 
administration, services and healthcare.. Bromma: Part Media. 

Piecyk, M., 2012. Carbon auditing of companies, supply chains and products. In: A. C. 
McKinnon, M. Browne & A. E. Whiteing, eds. Green logistics: improving the environmental 
sustainability of logistics. London: Kogan Page, pp. 51-68. 

Piecyk, M., Cullinane, S. & Edwards, J., n.d. Assessing the external impacts of freight transport. 
In: Green Logistics. s.l.:s.n., pp. 31-50. 

Ragn-Sells AB, 2013. RAGN-SELLS MILJÖREDOVISNING 2012 - Miljöåret i siffror, ord och 
bilder, Kalmar: Ragn-Sells AB. 

Ragn-Sells AB, n.d. Kort information kring Ragn-Sells i Gallerian. s.l.:s.n. 

Ragn-Sells AB, n.d. Källsorteringsguide för Gallerian. Stockholm: Ragn-Sells AB. 

Regeringens Logistikforum, 2011. Framtidens citylogistik, s.l.: s.n. 



79 
 

Schneiderjans, M. J., Schneiderjans, D. G. & Schneiderjans, A. M., 2010. Topics in Lean Supply 
Chain Management. Singapore: World Scientific Publishing Co. Pte. Ltd. 

Skottheim, J. & Paz, N., 2004. Marknaden för avfallshantering, Stockholm: The Swedish EPA 
[Naturvårdsverket]. 

Stadsledningskontoret, 2012. Handlingsplan för ökad insamling av matavfall i Stockholms stad 
för biologisk behandling, Stockholm: Stockholms stad. 

Statistics Sweden [Statistiska Centralbyrån], 2013. SCB - Nationalräkenskaper, kvartals- och 
årsberäkningar - Tabeller & diagram. [Online]  
Available at: http://www.scb.se/sv_/Hitta-statistik/Statistik-efter-
amne/Nationalrakenskaper/Nationalrakenskaper/Nationalrakenskaper-kvartals--och-
arsberakningar/Aktuell-Pong/22918/219325/ 
[Accessed 05 02 2014]. 

Stockholm Municipality [Stockholms stad], 2013. Yrkestrafik. [Online]  
Available at: http://foretag.stockholm.se/Tillstand/Trafik/Yrkestrafik/ 
[Accessed 24 04 2014]. 

Stockholm Municipality [Stockholms stad], 2014. Återvinningscentraler: Stockholm stad. 
[Online]  
Available at: http://www.stockholm.se/ByggBo/Avfall-och-atervinning/Har-lamnar-du-
sopor/Atervinningscentraler/ 
[Accessed 18 04 2014]. 

Stockholms läns landsting, 2013. Tid vs pengar - godstransporternas utmaning. Tidningen 
stockholmsregionen, Issue 1. 

Stockholms Stad, 2014. Ditt Stockholm 2014. Stockholm: Stockholms Stad [Stockholm 
Municipality]. 

Swedish Energy Agency, 2014. Sverige har nått EU:s 2020mål om förnybart i transportsektorn. 
[Online]  
Available at: http://www.energimyndigheten.se/Press/Pressmeddelanden/Sverige-har-natt-EUs-
2020-mal-om-10-procent-fornybart-i-transportsektorn/ 
[Accessed 04 05 2014]. 

Swedish EPA [Naturvårdsverket], 2012. Begränsad klimatpåverkan: Hur nå målen: Miljömål. 
[Online]  
Available at: http://www.miljomal.se/sv/Hur-nar-vi-malen/Begransad-klimatpaverkan/ 
[Accessed 28 02 2014]. 

Swedish EPA [Naturvårdsverket], 2012. De Svenska Miljömålen - En introduktion, Växjö: The 
Swedish EPA [Naturvårdsverket]. 



80 
 

Swedish EPA [Naturvårdsverket], 2012. generational Goal: Miljomal. [Online]  
Available at: http://www.miljomal.se/sv/Environmental-Objectives-Portal/Undre-meny/About-
the-Environmental-Objectives/Generation-goal/ 
[Accessed 20 02 2014]. 

Swedish EPA [Naturvårdsverket], 2013. Allergiker/astmatiker och luftföroreningar. [Online]  
Available at: http://www.miljomal.se/Miljomalen/Alla-indikatorer/Indikatorsida/?iid=4&pl=1 
[Accessed 29 05 2014]. 

Swedish EPA [Naturvårdsverket], 2013. Besvär av bilavgaser. [Online]  
Available at: http://www.miljomal.se/Miljomalen/Alla-indikatorer/Indikatorsida/?iid=28&pl=1 
[Accessed 29 05 2014]. 

Swedish EPA [Naturvårdsverket], 2013. Energianvändning: Miljömål. [Online]  
Available at: http://www.miljomal.se/Miljomalen/Alla-indikatorer/Indikatorsida/?iid=46&pl=1 
[Accessed 29 05 2014]. 

Swedish EPA [Naturvårdsverket], 2013. Hur nå målen?: Miljömål. [Online]  
Available at: http://www.miljomal.se/Hur-nar-vi-malen/ 
[Accessed 28 02 2014]. 

Swedish EPA [Naturvårdsverket], 2013. Sömnstörda av trafikbuller. [Online]  
Available at: http://www.miljomal.se/Miljomalen/Alla-indikatorer/Indikatorsida/?iid=121&pl=1 
[Accessed 29 05 2014]. 

Swedish EPA [Naturvårdsverket], 2014. Bensen i luft. [Online]  
Available at: http://www.miljomal.se/Miljomalen/Alla-indikatorer/Indikatorsida/?iid=25&pl=1 
[Accessed 29 05 2014]. 

Swedish EPA [Naturvårdsverket], 2014. Miljöledning. [Online]  
Available at: http://www.miljomal.se/Miljomalen/Alla-indikatorer/Indikatorsida/?iid=220&pl=1 
[Accessed 01 06 2014]. 

Swedish Standards Institute, n.d. Miljöledningssystem - Krav och vägledning (ISO 14001:2004). 
[Online]  
Available at: http://www.sis.se/milj%C3%B6-och-h%C3%A4lsoskydd-
s%C3%A4kerhet/milj%C3%B6skydd/milj%C3%B6ledning/ss-en-iso-140012004 
[Accessed 01 06 2014]. 

Swedish Transport Agency, 2013. Miljözoner. [Online]  
Available at: http://www.transportstyrelsen.se/sv/Vag/Miljo/Miljozoner/ 
[Accessed 24 04 2014]. 

Swedish Transport Agency, 2014. Tängselskatt i Stockholm. [Online]  
Available at: https://www.transportstyrelsen.se/sv/Vag/Trangselskatt/Trangselskatt-i-stockholm/ 
[Accessed 24 04 2014]. 



81 
 

Svensson, E., 2014. Transportsektorns energianvändnig 2013, Eskilstuna: The Swedish Energy 
Agency. 

TYA & Silfvers textverk, 2009. Bättre varumottag! : en handbok till stöd vid planering, 
projektering och användning av varumottag. 2nd ed. Solna: Transportfackens yrkes- och 
arbetsmiljönämnd (TYA). 

United Nations, 2010. World Population Policies 2009, New York: United Nations Publication. 

United Nations, 2013. World Population Prospects: The 2012 Revision, Key Findings and 
Advance Tables, New York: United Nations. 

Volvo Trucks Sweden, n.d. Att hyra lastbil med skåp hos Volvo Hyrlast – allt ingår i priset!. 
[Online]  
Available at: http://www.volvotrucks.com/trucks/sweden-market/sv-
se/services/Hyrlast/distribution/pages/Distribution.aspx 
[Accessed 20 05 2014]. 

WSP Sverige AB, 2012. Citylogistik i Sveriges storstadsområden, Stockholm: s.n. 

Ågren, S., 2013. Resultat producentansvaret 2011. [Online]  
Available at: http://www.naturvardsverket.se/Sa-mar-miljon/Mark/Avfall/Resultat-
producentansvaret-2011/ 
[Accessed 30 05 2014]. 

Östlund, C., 2013. Producentansvar: Naturvårdsverket. [Online]  
Available at: http://www.naturvardsverket.se/Miljoarbete-i-samhallet/Miljoarbete-i-
Sverige/Uppdelat-efter-omrade/Producentansvar/ 
[Accessed 17 04 2014]. 

Östlund, C., 2014. Mål för producentansvar för förpackningar. [Online]  
Available at: http://www.naturvardsverket.se/Miljoarbete-i-samhallet/Miljoarbete-i-
Sverige/Uppdelat-efter-omrade/Producentansvar/Forpackningar/Mal-for-producentansvar-for-
forpackningar/ 
[Accessed 30 05 1014]. 

 



i 
 

Appendix 1 – Observation Protocol  
This Appendix contains the information recorded during observation that was used in some way 
in the thesis “Integration and Centralization of Waste and Goods Management in Commercial 
Buildings - An investigation of the potential benefits regarding environmental impact and process 
efficiency”. The observations were made at the goods reception in Galleian, a commercial 
building in Stockholm, Monday- Friday in week 10 2014, 6.30am until noon. The protocol made, 
excluding registration number and company names, is found in Table 1. 1-Table 1. 5, bellow. 
Where: 

• Entry: Time of entry. 
• Docking: Time when vehicle stopped at delivery spot. 
• Departure: Time when leaving the delivery spot. 
• Veh. Mod.: Vehicle model/brand 
• Q: Vehicles observed queuing are marked with x. 
• CBS: Deliveries covered by service are marked with x, those partly covered are marked 

with x/-. 
• Idl: Vehicles recorded to be idling. 
• FP:  Vehicles observed to park at a spot that were not in front of any of the two goods 

receptions are marked with x. 
• R2: Vehicles observed to park at the opposite side related to the manned goods reception 

are marked with x. 
• Black coloured data: Package deliveries 
• Green coloured data: Food deliveries 
• Red coloured data: Service vehicles 

Table 1. 1 Observation protocol for Monday, 14-03-03. 

Entry Docking Departure Veh. Mod. Van Truck Q Idl CBS FP R2 Comments 

06:55:10  06:59:05  x        07:09:40 07:10:10 07:16:10  
 

x   x    
07:11:20  07:14:20 Citroën x     x   07:13:15  08:08:40  

 
x    x   

07:16:50 07:18:00 07:34:30  
 

x       07:17:10  07:22:45  
 

x     x  07:28:30 07:29:40 07:35:45 Volvo 
 

x   x    07:31:40  08:00:40  
 

x     x  07:52:50 07:53:30 08:03:20  
 

x       
08:03:00  08:17:20 IVECO 

 
x     x  08:05:15 08:06:25 08:15:25 Mercedes  

 
x       08:07:45  08:14:50 Mercedes 

 
x     x  08:08:40  08:23:50 Volvo 

 
x     x  08:10:30 08:15:00 08:32:15 Mercedes 

 
x       

08:10:30 08:11:00 08:33:00 Renault x        08:15:00 08:16:50 08:27:45  
 

x       
08:17:50 08:23:40 08:46:55 Volvo 

 
x x      08:20:00  08:31:15  x    x  x  



ii 
 

(Table 1.1 continue) 
08:24:35  08:43:50 Volvo 

 
x     x  08:27:30 08:28:00 08:31:45  x        09:00:10  09:47:10 Scania 

 
x     x  

09:03:40  09:11:05 Mercedes 
 

x     x  09:08:50  09:26:50 Mercedes 
 

x    x   09:12:30  09:29:50 Mercedes 
 

x   x  x  09:19:20 09:37:10 09:54:10 Renault 
 

x x    x  09:30:15  09:53:00 Mercedes  x    x/-    
09:41:40  10:00:40 Mercedes x    x    09:42:30  10:23:30 Ford 

 
x x   x   

09:43:15 09:53:40 10:12:00  
 

x x      09:47:51  09:59:15 Mercedes x     x   09:54:35 09:55:10 10:07:15  
 

x       10:01:20  10:11:30 Mercedes x      x  10:28:45  10:41:30 Volvo 
 

x     x  
10:36:30  10:39:00 Nissan x    x    10:39:40 10:40:40 11:01:45 Volvo 

 
x   x    10:44:45 10:45:15 10:54:30 Volvo 

 
x   x/-    10:49:45  11:21:45 Mercedes 

 
x   x/-  x  10:50:00  10:51:00  x        

10:51:55  10:56:55 Mercedes 
 

x     x  10:55:25 10:56:40 11:42:30  
 

x   x/-    11:00:20 11:02:30 11:05:00 Mercedes x    x x   11:36:15 11:37:05 12:02:00 Volvo 
 

x   x    11:35:00  11:45:25  x      x  
11:38:30  11:41:10 Mercedes x      x  11:41:15  11:43:25 VW x    x    
11:54:10  12:13:00  

 
x     x  11:55:15 11:56:15 11:57:25 VW x    x    07:34:40 07:35:30 07:39:05   x      Food 

07:35:15 07:35:30 07:43:00 VW  x      Food 
07:38:30 07:38:50 08:01:50 IVECO   x      Food 
08:48:00 08:48:05 08:58:40 VW x       Food 
09:03:50  09:11:05 IVECO  x      Foods 
10:35:25  11:06:45 VW  x      Pastries 

07:00:00  11:48:00  x     x  
Moving 

company 
08:03:20 08:04:00 08:40:00  x     x  Plumber 
08:15:00  08:33:30 Volvo  x    x  Waste Truck 

08:38:00 08:39:20 09:18:35 VW TDI x       

Unstriped van 
collecting 

mixed 
construction 

waste 

09:08:45 09:09:20 09:12:35 Citroën x       
Collected old 

interior 

09:12:35  09:53:45 Mercedes  x       
Moving 

company 

09:14:45  09:22:00 IVECO  x      
Moving 

Company 
09:15:15  09:18:35 Volvo  x      Waste Truck  

09:32:50  09:45:20 Honda x     x  
Security 
company 

10:06:55 10:09:45 10:33:40  x     x  Mechanics 
10:10:05  10:13:30  car     x   

11:01:10 11:03:05 12:10:00 VW x       

Unstriped van 
collecting 

mixed 
construction 

waste 
11:04:35  11:46:00 VW  x    x  Waste Truck  
11:13:35  11:25:00  car      x  
11:13:35  11:27:10  car      x  
11:24:00  11:27:10  car     x   
11:31:50 11:33:30 11:37:30 Renault  x    x  

Collected old 
interior 

 



iii 
 

Table 1. 2 Observation protocol for Tuesday, 14-03-04. 

Entry Docking Departure Veh. mod Van Truck Q Idl CBS FP R2 Comments 

06:37:35  06:42:35 IVECO  x     x  06:55:35 06:56:05 07:35:30   x       07:11:55 07:16:15 07:22:35 Mercedes  x x  x    
07:13:10 07:17:25 07:36:00 VW x  x   x   07:24:30  07:28:55  x        07:31:15  08:06:25 Mercedes  x     x  07:31:55 07:37:00 08:34:20 Mercedes  x x      07:33:05  07:45:20   x     x  
07:38:20 07:46:30 08:03:15 Scania  x x    x  07:49:50  07:56:55 Mercedes  x    x   
07:53:25  07:56:45  car        08:00:05 08:04:40 08:17:30 Mercedes  x x    x  08:11:15 08:12:15 08:20:30   x       08:14:55  08:57:30 Renault  x     x  08:20:45 08:21:30 08:41:10 Mercedes  x   x/-    
08:21:15 08:21:50 08:24:25 Ford x        08:24:45  08:31:40 Ford x      x  08:33:20 08:33:50 08:35:30 Citroën x     x   08:42:00  08:59:50 Mercedes  x     x  08:56:00 08:56:20 08:57:00  car    x    
08:56:25  09:19:55 Mercedes  x       09:02:25  09:06:35  x      x  09:38:45 09:39:40 09:43:30 Mercedes x        09:40:10 09:40:50 09:43:10 Mercedes  x   x    09:41:40 09:42:05 09:50:40 Mercedes x        
09:42:35  09:47:35  x     x   09:52:05  10:16:25 Volvo  x     x  
09:56:00  09:57:25   x       10:04:50  10:07:45 Mercedes x    x/-    10:07:10 10:11:15 10:25:10   x x    x  10:08:15  10:12:05 Mercedes x      x  10:08:25 10:09:35 10:31:50 IVECO  x       
10:10:20 10:17:00 10:22:45 Mercedes  x x    x  10:14:40 10:17:30 10:25:40 Volvo  x x  x    10:22:10 10:23:35 10:38:10 Volvo  x   x/-  x  10:36:15  10:42:30   x     x  10:38:15  10:48:40   x     x  
10:44:30 10:45:00 11:00:15 Mercedes x    x/-    10:50:30 10:51:05 11:00:45 Scania  x     x  
10:55:30  11:26:55  x      x  10:58:15 10:59:25 11:20:40 Volvo  x   x    11:01:15  11:30:00 Mercedes x      x  11:01:50  11:06:20 IVECO x        11:03:55  11:09:00 Mercedes  x     x  
11:07:00  11:11:30 IVECO x      x  11:07:45  11:19:55 VW  x x    x  11:08:05 11:08:40 11:11:30  x        11:10:00 11:14:25 11:28:45   x x  x    11:11:05 11:12:15 11:18:30  x  x    x  
11:18:10 11:19:00 11:44:00 VW  x       
11:29:00          x stayed past 

clocking 
11:40:10  11:41:20 VW x    x    
11:41:25  11:43:15 VW x      x  11:43:15 11:43:25 11:45:15 Mercedes x    x    11:49:55  11:51:00 VW x    x    11:52:20  11:56:05 Renault x        06:31:00  06:51:25 VW	    x      Pastries 
06:42:15  06:46:30 	   x      x Pastries 
07:18:00 07:18:50 07:27:40 VW	    x      Food 
07:30:55  07:50:25 IVECO	    x      Food 
07:31:40  07:40:00 	    x      Food 
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(Table 1.2 continue) 
07:37:40  07:56:20 IVECO	    x    x  Food 
07:59:40 08:00:30 08:11:20 VW	    x      Beverages 
08:03:55  08:09:10 	    x     x Food 
08:37:30 08:38:30 08:52:20 Scania	    x      Beverages 
08:55:10 08:55:20 09:04:15 	   x     x  Food 
09:59:40  10:13:25 	    x      Food 
10:48:48  11:05:05 VW	    x      Pastries 
11:12:05 11:12:30 11:16:30   x x     Food 
07:06:30  07:15:40   x   x x  Waste Truck  
08:18:30  08:20:00 Volvo  x   x   Waste Truck  
08:58:30 08:59:30 10:10:40 Volvo car      x  
08:59:30  09:07:25  x     x  

Security 
company 

09:23:25  09:30:15   x   x  x Waste Truck 
09:35:10  09:40:50  car        
10:36:55  10:42:15 Volvo car       

Cleaning 
equipment 

            

11:48:45    x       

Moving 
company, still 
at reception 

at12.00 
 

Table 1. 3 Observation protocol for Wednesday, 14-03-05. 

Entry Docking Departure Veh.mod. Van Truck Q Idl CBS FP R2 Comments 

06:28:30   06:46:00 Renault   x         x   
07:38:30   08:02:35 Renault x           x   
06:46:40   06:49:50     x x     x     
07:40:50 07:41:30 08:06:10     x         x   
08:11:35   08:45:55 Mercedes   x       x     
07:14:55   07:30:20 Volvo   x            
08:14:10   08:24:00 Mercedes   x       x     
07:34:55   07:55:15 Scania   x            
07:49:50 07:49:55 07:52:00   car              
08:06:35 08:07:20 08:10:12 Ford  x       x/-      
08:57:20   09:05:50 Mercedes    x         x   
09:00:15 09:00:25 09:06:35 IVECO   x         x   
09:18:00 09:18:20 09:25:10 VW   x         x   
08:07:55 08:09:30 08:23:15 Volvo   x             
09:34:20 09:35:10 09:42:50 Volvo   x         x   
09:37:45 09:38:20 09:46:25 Renault   x         x   
09:40:20 09:41:35 09:56:35 VW   x       x    
08:08:25 08:13:20 08:22:00 MAN   x            
09:53:20 09:53:55 09:59:35 Volvo   x         x   
08:13:05   08:15:05 Ford  x               
08:31:50 08:32:35 08:33:10 Ford car       x      
10:10:45 10:11:45 10:31:40 Volvo   x         x   
10:16:00 10:16:20 10:36:50 Renault   x         x   
08:35:40 08:36:25 08:56:35 Mercedes    x     x/-       
08:56:25 08:57:40 09:03:10 Mercedes   x             
09:21:40 09:21:45 09:33:45 Mercedes x               
09:52:15 09:52:45 10:04:05 Mercedes  x              
10:03:30 10:04:05 10:07:10     x     x      
10:04:20 10:05:05 10:12:40 Peugeot   x            
10:50:30 10:50:50 10:56:35 Volvo   x         x   
10:18:50 10:19:45 10:57:40 Mercedes x              
10:29:30 10:30:50 10:40:10 Volvo   x     x       
10:33:20 10:34:15 10:37:15   x       x       
10:33:30   11:06:35     x     x/-       
10:40:50   10:49:20 Volvo   x             
11:32:50 11:33:00 11:34:15   x           x   



v 
  

(Table 1.3 continue) 
11:33:40 11:34:15 11:37:35   x         x     
10:42:00 10:42:45 10:58:00 IVECO   x            
10:58:30   11:02:20 Mercedes x               
11:02:00 11:02:10 11:12:35 IVECO x              
11:04:50 11:06:35 11:49:40 Volvo   x     x       
11:11:10 11:11:45 11:50:50 Mercedes   x             
11:26:20 11:27:00 11:38:10 Mercedes   x     x       

11:40:00     Mercedes   x           
still in 

reception at 
12:00 

11:43:40 11:43:50 11:44:40 VW x       x       
11:45:40 11:46:25 11:49:40 VW   x     x       
11:49:20 11:50:50   Bike Bike       x       
11:58:55 11:59:00   VW car               

10:18:25   10:21:55     x x x     x queued for 
reception 2 

12:00:00         x           
still in 

reception at 
12:00 

06:38:10   06:43:00   x           x  Pastries 
06:48:10   07:00:00 Volvo   x         x  Beverages 
07:51:10 07:52:10 08:47:35 Renault   x         x Food 

08:16:40   08:18:05 VW x       x x   Pastries, 
spec. case 

06:35:35   06:55:10 VW   x           Pastries  
08:45:35 08:46:00 08:59:45 VW    x       x   Food 
07:19:55   07:40:25 IVECO    x           Food 
08:51:30 08:51:45 08:53:30 Renault x         x   Food 
07:59:10   08:11:45 IVECO   x           Food 
08:00:00   08:03:40     x           Food 
08:16:00   08:25:00 VW   x            Food 
08:25:40   08:31:15   x             Food 
08:30:10 08:30:45 08:39:45 Scania   x           Beverges 
08:49:10 08:50:00 08:54:30 Nissan  car             Food 
10:54:35 10:54:55 11:05:45 VW x         x    Food 
09:03:40 09:04:20 09:07:05 DAF   x           Food  
09:06:15   09:17:15 DAF   x           Food 
09:43:25 09:44:15 09:51:40 VW x             Food  
10:11:30 10:12:10 10:17:55 Mercedes    x           Food  
10:22:15   10:33:30 Mercedes   x           Food 
10:43:20 10:44:05 10:58:50 VW   x            Pastries 

07:00:05   07:08:45 VW TDI x             

Unstriped van 
collecting 

mixed 
construction 

waste 

09:05:50 09:06:15 09:34:00 Scania    x           Moving 
Company 

09:58:40 09:59:30 10:16:10 Chrysler  car             No parcel 

11:59:55         x     x     
Waste truck, 
RS, still at 

reception at 
12:00 

06:44:45   06:48:20 Volvo   x       x   Waste Truck  
07:08:25   07:39:40 Peugeot x         x   Electricians  

09:04:35   09:07:50 Toyota car         x   Security 
company 

09:25:10 09:25:30 09:32:55 VW x         x   Moving 
company 

09:43:05   09:55:15 Ford  x         x   Maintenance  

10:34:25 10:34:35 10:37:35   x         x   Moving 
company 

11:05:50 11:06:20   Audi car         x    

11:16:35 11:17:35   Scania   x         x 
Moving 

Company, still 
at reception 

12:00 
11:40:05 11:40:20 11:59:00   x         x   Plumber  
11:45:50 11:46:10 11:53:00   car         x     
09:23:20 09:23:25 11:46:25 Peugeot x         x   Electricians 
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Table 1. 4 Observation protocol for Thursday, 14-03-06. 

Entry Docking Departure Veh. Mod. Van Truck Q Idl CBS FP R2 Comments 

07:07:05 07:07:40 07:19:30 Volvo   x         x   
07:17:35 07:17:45 07:22:00 VW x           x   
07:18:45 07:20:00 07:49:00 Scania   x            
07:28:05 07:28:50 07:48:45 Scania    x         x   
07:32:00 07:32:30 07:48:05 Renault x           x   
07:36:10 07:36:30 07:51:40 Mercedes    x             
07:46:05 07:46:25 08:08:45 VW TDI  x         x     
07:42:40 07:53:25 08:00:35     x         x   
07:53:10 07:53:20 07:55:55 Toyota car         x    08:03:15 08:03:40 09:21:10     x         x   
07:25:45 07:32:55 08:01:00 Scania    x x          08:03:40 08:04:40 08:14:10 Ford  x       x      08:07:25 08:09:20 08:35:20 Mercedes    x         x  08:10:55 08:12:50 08:24:25 Volvo   x            08:14:10 08:14:35 08:18:00 Ford  x           x  
08:26:45 08:27:50 09:01:50 Mercedes   x     x/-      08:27:05 08:28:00 09:26:25 Renault   x         x   
09:01:50 09:02:50 09:18:30 Mercedes   x     x/-      09:11:00 09:11:30 09:20:25 Mercedes   X         X   
09:18:30 09:19:00 09:22:15 Mercedes   x       x    09:19:40 09:20:05 09:22:00 Peugeot x               
09:22:50 09:24:10 09:27:30 Mercedes   x       x     
09:22:15 09:23:50 09:31:15 Mercedes   x         x  09:29:35 09:30:25 09:33:05 Mercedes   x     x       
09:36:35 09:36:50 09:51:00 Mercedes x              09:45:50 09:46:25 09:50:35 VW   x         x   
09:46:20 09:47:05 09:49:45 Citroën  x       x       
09:58:50 09:59:45 10:14:35 Volvo   x     x/-      10:01:55 10:02:50 10:08:10 Scania   x             
10:03:00   10:04:05 Ford x       x x    10:05:35 10:05:50 10:13:35 Mercedes x              10:14:35 10:15:05 10:23:25 Volvo   x         x  
10:22:30 10:22:55 10:39:35 Mercedes x           x  10:26:30 10:27:00 10:30:45 Mercedes   x            
10:31:40 10:32:10 10:52:35 Scania   x         x   
10:53:20 10:54:05 11:12:00 Mercedes   x     x/-      10:54:55 10:55:15 11:09:40 IVECO   x         x  11:01:55 11:02:55 11:05:05 Scania   x         x   
11:04:25 11:04:25 11:16:50 IVECO x               
11:08:30   11:10:25 Bike Bike       x       
11:14:45 11:14:55 11:53:30   x           x   
11:17:30 11:18:30 11:43:15 Volvo   x             
09:25:10 09:29:55 10:00:45 Scania   x x       x   
11:34:05 11:34:35 11:37:40 Ford  x       x       
11:38:20 11:38:50 11:39:20 VW x       x      11:39:20 11:40:05 11:44:00 VW x           x  
11:44:55 11:45:15 11:48:25 Mercedes x         x     
11:46:35 11:47:10 12:04:50 Volvo   x     x       
12:00:45 12:02:00 12:07:30     x           

10:39:35 10:41:45 10:48:25 Mercedes  x   x   x     

A mobile lift 
blocked the 

way 
(electricians 
fixing light 

fixture) 
11:48:20 11:50:25 11:53:25 Mercedes   x x   x       
06:30:20   06:37:20   x           x Pastries  
06:47:15 06:48:15 06:58:50 Mercedes   x           Food  
07:13:05   07:31:05 IVECO x             Food 
07:21:30 07:22:20 07:30:55 IVECO   x           Food 
07:39:20 07:43:00 08:06:20 Scania   x       x   Food 
07:44:20 07:44:45 07:48:05 Mercedes   x         x Food 
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(Table 1.4 Continue) 
08:06:00   08:17:30 IVECO   x         x Food  
08:10:30   08:27:15 Mercedes   x       x    Pastries 
08:20:40   08:27:40 Peugeot x             Food  
08:49:47 08:50:10 08:55:00 Mercedes   x       x    Pastries 
09:40:50 09:41:20 09:43:20 VW    x            Food 
10:20:10 10:21:00 10:36:15 VW TDI   x            Pastries 

10:50:20 10:54:00 12:07:55 Volvo 290   x           Refilled 
beverage tap 

10:54:10 10:54:20 10:58:35 IVECO   x           Food  
09:25:00 09:26:25 10:10:30   car   x x   x     
06:51:20   06:53:45 Volvo   x   x     x Waste Truck 
06:54:00   06:56:45 Volvo   x   x   x   Waste Truck 

07:42:15   07:43:10   x         x   Security 
company 

07:42:13 07:44:45 08:55:30 VW  x         x   Plumber  

07:51:55   07:56:15     x       x   Moving 
company.  

09:05:20 09:05:30 09:20:40   car               

09:14:55 09:15:24 09:36:30 Mercedes  x             Moving 
company  

09:23:35   09:23:45   car         x   Security 
company 

09:36:30     BMW car         x   

Still at 
reception 

when 
clocking 
stopped 

09:36:40   10:55:40 Volvo  car         x   Security 
company 

09:40:45 09:40:45 10:38:05 VW x         x   Plumber  

11:28:00 11:28:40   Scania   x         x 

Moving 
company, still 
at reception 

when 
clocking 
stopped 

11:54:30   12:03:50 Volvo   x   x x x   Waste Truck 

Table 1. 5 Observation protocol for Friday, 14-03-07. 

Entry Docking Departure Veh. mod. Van Truck Q Idl CBS FP R2 Comments 

06:16:00   06:43:55                 

Had docked 
before the 

observation 
started, but were 

on site early 
07:16:00 07:16:30 07:58:25 Mercedes   x         x   
07:32:30 07:33:35 07:37:25 Mercedes   x         x   
07:36:25 07:38:00 07:57:40 Scania    x             
07:39:55 07:40:40 07:43:15 VW x           x   
07:49:00 07:50:35 08:06:25 Renault   x             
07:58:00 07:58:35 08:04:10 Ford  x       x/-      
08:04:10 08:04:45 08:09:25 Ford  x           x   
08:04:50 08:05:00 08:07:25 Toyota car       x x    
08:09:55 08:10:15 08:58:20 Renault   x         x   
08:13:30 08:13:55   Peugeot x         x     
08:26:55 08:27:30 08:37:55 Volvo   x     x       
08:27:00 08:27:50 08:57:10 Mercedes   x             
08:29:50   08:34:30 Mercedes   x             
08:41:05   08:51:15     x         x   
08:52:15 08:52:30 08:53:05 Ford car               
09:05:10 09:05:50 09:16:10 Mercedes x       x       
09:11:30 09:13:00 09:30:25 Volvo   x         x   
09:12:40 09:13:45 09:24:10 Mercedes   x         x   
09:14:25 09:15:50 09:31:30 VW   x             
09:44:10 09:45:15 09:58:50 Volvo   x         x   
07:51:55   08:12:15 Scania    x x           
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(Table 1.5 continue) 
09:59:00 09:59:25 10:09:45   x               
10:10:35   10:22:45 Mercedes   x         x   

07:59:20 08:05:30 08:28:40 Mercedes   x x         
Queues even 

though rec. not 
full  

10:18:25 10:19:20 10:33:55     x            
10:22:45 10:24:30 10:33:00 Volvo   x     x      
10:26:25 10:27:35 10:46:10 Mercedes x       x/-      
10:28:25 10:29:50 10:47:45 Mercedes x         x    
10:32:25   10:41:45 Volvo   x         x   
10:36:05   10:44:55     x         x   
10:42:25   10:48:25 Scania    x         x   
10:43:30   10:44:45     x   x     x  
10:47:00   10:55:30 Mercedes x           x   
10:50:55   10:52:35 IVECO x               
10:55:15 10:56:00 11:05:15     x     x       
10:59:50 11:01:00 11:11:25 Volvo    x     x/-      
11:03:15 11:03:35 11:15:05 IVECO   x         x   
11:08:35               x/-   x   
11:10:00 11:10:15 11:19:35 Mercedes x              
11:21:50 11:22:45 11:41:10 Volvo   x     x/-      
11:20:25     Mercedes x               
11:23:25 11:24:30 11:34:05 Renault x              
11:24:25 11:26:00 11:57:25 VW x              
11:33:35 11:34:50 11:36:40   x           x  
11:41:45     Volvo   x         x   
11:49:30 11:49:50 11:51:35 Renault x         x    
11:55:45       x           x   
10:42:30 10:43:45 10:49:40 IVECO x   x          

06:30:00   06:50:15     x           
Pastries, had 
docked before 
the observation 

started 
07:19:25 07:19:55 07:28:25 IVECO   x         x Food  
07:27:30 07:28:05 07:36:10     x           Food  
07:28:25 07:28:45 07:51:50 IVECO   x         x Food  
07:35:00 07:36:00 07:48:05     x           Food  
07:37:30 07:38:00 07:46:00 VW   x       x   Food  
07:48:05   07:58:55     x         x  Food 
07:55:55 07:56:15 08:10:45 IVECO   x       x    Food 

08:40:20 08:41:05 09:25:10 Scania   x           Food & 
beverage 

09:04:55 09:05:25 09:19:35 VW           x   Food  
09:18:40 09:19:25 09:30:55 Mercedes   x           Food 
09:32:05 09:33:05 09:38:10 Mercedes   x           Food 
09:34:50 09:35:00 09:40:30 IVECO   x           Food 
10:47:05 10:48:05 11:08:55 VW   x           Food 
11:02:30 11:02:50 11:11:15 IVECO   x       x   Food 
11:28:05 11:28:33 11:36:10     x         x  Beverage 
11:46:00 11:47:15 11:57:55 VW   x           Food 
10:47:25 10:48:50   Volvo  car   x     x     

06:39:30 06:40:40 07:00:00 VW x             
Unstriped van 

collecting mixed 
construction 

waste 
06:56:35 06:56:50   Ford car         x   Service 

07:02:00 07:05:05 07:14:50 Mercedes    x   x   x    Renovation 
company 

07:08:25 07:08:40   Peugeot x         x   Electricians  

07:16:45 07:17:15 07:32:30 VW x             Laundry 
company 

07:27:00 07:27:15 07:43:15 Volvo   x           Waste Truck 
07:27:50 07:28:30 07:34:45 VW   x           Moving company 
08:26:30 08:26:45 08:29:40 Volvo car           x   
08:35:10 08:35:20 08:36:15 Ford car               
08:42:00   08:45:45     x   x x     Waste Truck 
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(Table 1.5 continue) 

 

 
  

08:55:15 08:55:35 09:30:40   car         x   Security 
company 

09:08:00 09:08:40 09:24:55 Mercedes x           x Moving 
company  

09:43:55 09:44:30 10:03:50   x       x     Waste Van 

09:47:05 09:48:15 10:02:55 VW x             
Unstriped van 

collecting mixed 
construction 

waste 
10:01:05 10:01:35 10:18:25   x           x Maintenance  
10:52:20   11:54:40 VW   x       x   Waste truck 
11:55:00 11:55:25     car         x    
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Appendix 2 – Interview with delivery companies 
In this Appendix information regarding interviews made during the making of the thesis 
“Integration and Centralization of Waste and Goods Management in Commercial Buildings - An 
investigation of the potential benefits regarding environmental impact and process efficiency”. 
The interviewed were, see Table 2. 1.  

Table 2. 1 Table listing the interviewed delivery companies, work title of the interviewed persons and date for the 
interview. 

Company Title Date 

TNT Operation Manager 
Pick-up & Delivery Supervisor 03-04-14 

Postnord Logistics Districts Manager 
Branch Manager, trucks 10-04-14 

Below is the list of questions (with translation from Swedish to English) that was sent to the 
interviewees beforehand, and that were used during the interview sessions. 

1. Hur ser er verksamhet ut när det kommer till kommersiella fastigheter i Stockholm?  

[How does your business look like when addressing commercial buildings in Stockholm?] 

2. När ni lägger upp rutter för en dag,  
[When you plan daily delivery routes,] 

a. Tar ni hänsyn till om mottagaren (kommersiell fastighet) har en bemannad 
godsmottagning eller ej?  
[do you take in consideration whether the addressee (the commercial building) 
have a manned goods reception?] 

b. Kan kunden begära en önskad leveranstid? 
[do the customer have the possibility to decide what time the delivery should be 
made?] 

c. Hur ser rutinerna ut vid störningar? 
[What are the routines in case of disturbances?] 

3. Vad anser ni vara de största problemen/riskerna för er att utöva er 
affärsverksamhet på en daglig basis?  
[What do you consider to be the major problems/risks to your business on a daily basis?] 

a. Rangordna följande (1-4), största problem först.  
[List the following (1-4), falling importance.] 

o Trängsel (pga. hög trafikdensitet, olyckor, infrastruktur)  
[Congestion (due to e.g. traffic density, accidents, infrastructure] 

o Trafikregleringar (ex. miljözoner, bussfiler, tidsregleringar etc.) 
  [Traffic regulations (e.g. environmental zones, buss files, time regulations etc.] 

o Parkerings- och avlastning/lastningsproblem (brist på avlastningsutrymme,  
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problem att hantera gods etc.)  
[Parking and unloading/loadin related issues (lack of space to unload, issues with 
handling goods etc.] 

o Kundkontaktsproblem (kunduppgifter saknas, kunden förhindrad att ta 
emot gods, kunden önskar leverans specifika tider)  
[Customer contact issues (missing customer information, difficulties in reaching 
the customer, the customer want their delivery at a certain time)] 

b. Andra problem som inte berörts av frågan ovan? 
[Other issues that haven’t been covered in the list above?]  

4. Har ni inom företaget satt upp några miljömål för er verksamhet?   
[Have you, within your company, decided upon any specific environmental objectives?] 

a. Om så, vad berör de?  
[If so, what are they considering?] 

b. Hur följer ni upp dem?  
[How do you measure progress of environmental objectives?] 

5. Känner ni till att Gallerian har en bemannad godsmottagning som är öppen 6.30-
17.00 på vardagar?  
[Are you aware that Gallerian has a manned goods reception, open 6.30-17.00 on 
weekdays?] 

6. Övrigt:  
[Other:] 
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Appendix 3 – Interviews with landlords 
In this Appendix information regarding interviews made during the making of the thesis 
“Integration and Centralization of Waste and Goods Management in Commercial Buildings - An 
investigation of the potential benefits regarding environmental impact and process efficiency”. 
The interviewed were, see Table 3. 1.  

Table 3. 1 Table listing the interviewed landlord companies, work title of the interviewed persons and date for the 
interview. 

Company Title Date 
AMF Fastigheter Operation and Safety Manager, trade 02-04-14 
Vasakronan Technical Manager, waste 02-04-14 

Below is the list of questions (with translation from Swedish to English) that was sent to the 
interviewees beforehand, and that were used during the interview sessions. 

1. Vilka delar, som berörs av tjänsten i Gallerian, tillhör er?  
[Which part of Gallerian, that is affected by the service (Service Entrepreneur, belongs to 
you?] 

a. Antal butiker  
[Number of stores] 

b. Antal restauranger/caféer  
[Number of cafés/restaurants] 

c. Antal kontor  
[Number of offices] 

2. Minns ni hur situationen var i Gallerian innan den bemannade godsmottagningen 
infördes?  
[Do you remember the situation before the manned goods reception was adopted?] 

3. Minns ni hur avfall hanterades innan avfallshanteringen centraliserades?  
[Do you remember how the waste was managed before the centralization?] 

a. Har ni centraliserad avfallshantering i alla era kommersiella fastigheter?  
[Do you have centralized waste management in all your commercial buildings?] 

b. Vad finns det för andra lösningar?  
[What other solutions are there?] 

4. Hur väl insatt är ni i begreppet Serviceentreprenad? 
[How well aware are you of the concept ”Service Entrepreneur”?]  

a. Vad tycker ni om konceptet Serviceentreprenad?  
[What do you feel about the concept?] 

b. Ser ni några utvecklingsmöjligheter med tjänsten?  
[Do you see any possibilities for further concept development?] 

5. Hur kommuniceras tjänsten till hyresgästerna?  
[How is the service communicated to the tenants?] 
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a. Vad är hyresgästernas respons på den tjänst (Serviceentreprenad) som 
erbjuds?  
[What is the response given by the tenants regarding the service concept offered?] 

6. Övrigt:  
[Other:] 
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Appendix 4 – Emission Calculator and Calculations 
For assessment of the magnitude of total emissions, as well as emission reduction a calculator 
provided by the Network for transport and environment, called Basic Freight Calculator was 
used. As argued on their website, the calculator can only be used as a rough estimation of the 
magnitude. The inputs needed for emission estimation are: 

• Vehicle type (fuel options) 
• Distance  
• Shipment Weight 

The inputs were estimated in chapter 6.2 Emissions in the thesis “Integration and Centralization 
of Waste and Goods Management in Commercial Buildings - An investigation of the potential 
benefits regarding environmental impact and process efficiency” and the inputs and result are 
presented in Table 4. 1.  

Table 4. 1 Inputs and results from the Basic Freight Calculator, free calculator provided by NTM, all data is per 
vehicle. 

Vehicle type Shipment 
weight [t] 

Distance 
[km] CO2 [g] NOx [g] HC [g] CO [g] PM [g] 

Medium Truck 
4.5 0.16 0.13 1.00 0.04 0.19 0.02 
6.5 0.16 0.18 1.45 0.06 0.28 0.03 

Small Truck 1.2 0.16 0.05 0.55 0.04 0.16 0.01 
Van, Diesel 1 0.16 0.17 0.44 0.03 0.15 0.03 
Pick-up, Diesel 0.3 0.16 0.10 0.23 0.02 0.07 0.03 

Since the calculator only assess emissions for one vehicle, to estimate the magnitude of the total 
emissions the total number of vehicles (on average 81 according to simulations) were divided 
between the different vehicles type according to an observation protocol, see Appendix 1-
Observation Protocol. The allocation formula, the resulting number of vehicles and resulting total 
emissions for CO2, NOX, HC, CO and PM are presented in Table 4. 2. 

Table 4. 2 Total emissions based on the weekly average of vehicles divided into the estimated percentage share of 
delivery types based on observation. 

Vehicle type Share of total 
average [%] 

Number of 
vehicles CO2 [g] NOX [g] HC [g] CO [g] PM [g] 

Medium Truck 
19% 15.4 2.11 16.24 0.6496 3.0856 0.3248 
19% 15.4 2.92 23.548 0.9744 4.5472 0.4872 

Small Truck 19% 15.4 0.81 8.932 0.6496 2.5984 0.1624 
Van, Diesel 32% 25.9 4.57 11.8272 0.4872 4.032 0.8064 
Pick-Up, Diesel 10% 8.10 0.84 1.932 0.3248 0.588 0.252 
Total  (Daily) 100% 81 11.26 62.4792 3.0856 14.8512 2.0328 
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For two of the simulated scenarios, Base 3 and Base 4, there was an addition of 13 waste trucks. 
By assuming that a waste truck corresponds to a medium sized truck with a shipment load of 6.5 
tones the potential emission deriving from movement within the goods reception area are, see 
Table 4. 3. 

Table 4. 3 Magnitude of the emissions deriving from additional 13 vehicles (daily). 

CO2 [g] NOX [g] HC [g] CO [g] PM [g] 
1.69 13 0.52 2.47 0.26 
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Appendix 5 – Value Stream Mapping 
This is an overview of the three Value Stream Mappings done to map the internal logistics and 
waste management process in Gallerian. The order to be presented is: Offices, Stores and last No 
Service, shown in Figure 5.1-5.3 below. The description of how the activity and buffer times have 
been calculated is listed in the end of this appendix. Some Kaizen stars to highlight possible 
improvement areas are placed on the service families offices and stores. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  
  
Figure 5. 1 VSM of the service family Offices. 
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Figure 5. 2 VSM of the service family Stores. 
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Figure 5. 3 VSM of the service No Service. 
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Truck docks: 00:52 min 
This is the average docking time for all vehicles in Gallerian that were entering and docking 
during the structured observations. 

Truck queues: 00:42 min 
This is the average queue time for all package deliveries in Gallerian. 

Unloading and quittance: 08:26 min 
This is the average time, outliers removed, that it takes for a delivery CBS, to unload and 
quittance the goods. Since this has been measured during the whole observation week and can 
therefore be seen as accurate, this time will be used as a standard time for unloading and 
quittance for deliveries that is not CBS as well. It is assumed that the time for that activity is the 
same for those who do not use the service; the difference lies in the person that transports the 
goods to the customer, i.e. deliveryman or Ragn-Sells personnel. Important to notice here, is that 
the quittance is made either right after the unloading when the goods are CBS, or right after the 
delivery when the goods are not CBS, but the total time is still assumed to be the same.  

Transport to customer: 03:23 min 
With outliers removed, this is calculated as 
 

 
!"#$%"&'  !"#$  !"#  !"#!!"#$%"&'  !"#$  !"#

!
 

since the only thing that is assumed to differ from the two delivery times, is the transport to the 
customer by the deliveryman. The distance to the customer can differ a lot but due to the many 
recorded observations, this is set to be the average transport time.  

Walking back 03:23 
The time is set to be the same as transport to customer, although some time difference may be the 
case due to the fact that, during observations, some deliveries needed to be transported in several 
batches because of the large amount of goods.  

Truck leaves 00:52 
Assumed to be the same as docking time 

Tenants walk to recycle rooms and back to leave waste: 10:46 
The distance is nearly the same as for the deliveries and therefore, the time transport to customer 
is used here as well. The time is doubled since both walking back and forth are included in the 
activity. 120 extra seconds are added as estimation, conducted from unstructured observations, of 
how long it takes to put the waste in the right bins in the room. 

Waste transported to compactor from recycling room: 10:00 min 
This is estimated through unstructured observations. The time varies a lot depending on if the 
waste is transported by foot or by electric truck. The latter usually takes longer time since waste 
bins from several rooms are collected and put together before they transport them to the 
compactors/containers. The different steps included in this activity is listed below, but is 
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considered to take less time if the waste is transported by foot, since the number of bins then is 
lower. 

• Bringing empty bins to the waste rooms: 2-3 min 
• Switch the full bins with the empty ones and move waste so that half full bins becomes 

either empty or full: 4 min 
• Connect all waste bins to the truck: 1 min 
• Transport the waste to the compactors/containers: 1 min 
• Weigh one bin and register the tenant: 30 s 
• Empty the bin in the compactor and then switch to the next bin: 1-2 minutes.  

Container/compactor picked up by truck: 08:07 min 
This is the average time between entry and exit for the observed waste trucks. 

Transport of goods from docking station to temporary inventory 02:30 
From unstructured observations. 

Pick up office waste and walk back to recycling area: 07:23 min 
The time is calculated from the activity transport to customer but 240 extra seconds is added as 
the estimated time for bringing the waste from the office’s waste room.  

Buffer - Temporary inventory 04:00 h 
From the structured observation, it is noticed that many of the deliveries CBS does not enter right 
when the goods receptions open at 06.30 but some hours later, closer to noon. The deliveries to 
customers are usually made after lunchtime. Therefore, the average time of goods lying in the 
inventory is estimated to be four hours.  

Buffer - Waste in recycling rooms: 09:00 h 
The number of times the recycle rooms are emptied varies from 1-10 times a day, with an 
average of 2.67 times per day. Nine hours is simply calculated by dividing 24h with 2.67.  

Buffer - Waste in compactors 63:00 h 
According to the staff that works in Gallerian, the compactors are emptied:  

• Combustible waste 2 times/week 
• MSW 3 times/week  
• Corrugated paper 3 times/week 

The average waste fraction is then picked up from site 2.67 times/week. Dividing the number of 
hours in a week with 2.67 brings the average time for an average waste fraction to be picked up 
from Gallerian to be 63h. Other fractions are not produced as frequent and may therefore be in 
Gallerian for much longer time but are not considered here. One example of that is office paper, 
which is picked up in an average 4-5 times per year, according to the Ragn-Sells staff at 
Gallerian.   


