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I  Abstract 
This report describes the outcome of the graduation project at Ericsson: a global provider of 

telecommunication equipment and related services. The project contains an analysis of the 

current logistic set-up for the take-back of end-of-life equipment of Ericsson (Ecology 

Management) and an examination of a possible utilization of the logistics flows with the set-up of 

Ecology Management in order to reach a cost-efficient and environmental friendly reverse 

logistic set-up.  
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III Management Summary 
The European Commission directive on waste electrical and electronic equipment (WEEE) 

requires produces of WEEE to take-back their products and to ensure a proper treatment. 

Ericsson takes its producers responsibility and ensures a free of charge take-back system 

globally, together with contracted recyclers. However, there is a plausible change that the costs 

can be reduced when the transportation is carried out by Ericsson Distribution Logistics (EDL). 

Therefore the research definition is defined as: 

Assess the possibility and suitability for Ecology Management to utilize the new logistics 

network and structure being implemented by EDL, in order to minimize cost and 

environmental impact from Ecology Managements logistics operations. 

 

Not only Ecology Management and EDL have a logistic set-up, also 3 other logistic set-ups exist 

within Ericsson. First a high-level analysis is made to determine which logistic flows can provide 

opportunities when combining the flows. Thereafter, several scenarios are designed for the area 

Central America and the Caribbean which could results in cost and environmental impact 

savings. These designs are checked if they are legal, and the legal designs are compared with the 

current situation on cost and environmental impact. Finally the results are presented.  

 

Logistic flows of Ericsson 

1. Ecology Management is responsible for the take-back of end-of-life equipment. The 

products from the customers are collected at the collection point, where the recycler picks 

up the products and ships it directly to his facility for a proper treatment.  

2. Ericsson Distribution Logistics (EDL) transports the finished goods to the customers. 

Different consolidation warehouses around the world are used to combine shipments to 

reduce the costs and environmental footprint, which provides also interesting 

opportunities for Ecology Management.  

3. Hardware Services is responsible for the repair and replenishment flow of used products 

and has to ensure the agreed lead time for replenishment. The products taken back are 

repaired and returned, put in stock, or directly scrapped. Hardware Services is making use 

of another IT system which makes it difficult to combine Hardware Services with 

Ecology Management. Also the locations of the possible consolidation hubs of Hardware 

Services are not ideal.  

4. Buy Back buys back excessive material. The products are directly sent to the factory of 

origin to put in stock. The future plan is to use the consolidation hub of EDL. The 

research to this possibility of using the consolidation hub of EDL is also interesting for 

the research of Ecology Management to new possibilities.  

5. Claims is responsible for unused faulty material. The products are sent back to the factory 

and replaced from the factory or a special regional claim warehouse. The direct shipments 

to the factory (in Sweden) are performed under time limitations, which make 

consolidation difficult.  

 

Design of scenarios 

Buy Back and EDL are selected for further 

research. EDL provides two types of 

consolidation warehouses: The Ericsson 

Distribution Center (EDC) which is located in a 

 Activities 

within EDC 

No activity 

within EDC 

No use of ESD 1 2 

Use of ESD 3 4 
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free trade zone, and the Ericsson Shipping Depot (ESD) which is not located in a free trade zone. 

Based on these warehouses four scenarios are designed. These scenarios are checked on their 

legality. A transboundary transportation of mixed reuse with waste results in high custom duty if 

the country of import is not the free trade zone in Panama (but for example the recycler‟s 

country). Therefore reuse and waste should be separated. This is only possible at the recycler‟s 

facility or within the EDC in Panama. To enable separation of waste from reuse, higher volumes 

are needed. Further, using the ESD as consolidation point increases the complexity and costs and 

is therefore not preferable. One alternative design is legal and can result in decreased cost and 

environmental impact: the consolidation of WEEE within the EDC (see figure below). 

  
Figure 1: Overview logistic set-up “Base Case” and “Consolidation within EDC” scenario 

 

Evaluation on costs and environmental impact 

Based on external analysis on cost and environmental impact evaluations, methodology used 

within Ericsson and preferences, a model is made to compare the two scenarios on costs and 

environmental impact. The costs that can differ between the two scenarios are identified and 

calculated for each scenario. This includes the transportation costs from the Local warehouse (via 

the EDC) to the recycler and the storage costs at the EDC. All other costs, for example storage 

costs at the Local warehouse, are considered as irrelevant and therefore excluded.  

 

The estimation of the environmental impact of the scenarios is based on the NTM methodology. 

This provides emission data for different transport modes. However the data is based on 

European standards, and therefore the data is supplemented with (limited) area specific data to 

make the best estimation possible. Also the environmental impact of storage is based on the area 

specific electricity production. Again, only the impacts that differ between the scenarios are taken 

into account: the transportation from the Local warehouses to the recyclers, and the storage at the 

EDC. Further only significant aspects are included: the direct emissions of transportation and the 

direct emissions from electricity production.  

 

Because the data is uncertain, high and low estimations are given. Uncertainty in data is caused 

by difference in cost-reporting by the different transporters, lack of high detailed data in distance 

and vehicle and fuel used, lack of area specific data, and small changes in emissions as a result of 

weather and road conditions.  
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Results 

Changing the current situation in which 

the recyclers transport the WEEE to the 

same situation with the DSP as 

transporter saves 15% on transportation 

costs. With the current amounts, the 

situation with consolidation of the 

WEEE in the EDC in Panama is not cost 

efficient. However, as soon as the 

amounts are increasing, the costs of the 

situation “consolidation within the EDC” 

will become lower than the current 

situation with the DSP as transporter and 

Figure 2: Relevant costs per scenario  will become favorable (see figure 3).   
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Figure 3: Intersection relevant costs “Base Case” and “Consolidation within EDC” for different amounts of 
WEEE  

 

The environmental result stresses the importance of 

using the boat for the main transport. When the 

transport mode boat is used the “consolidation within 

EDC” scenario uses slightly more energy due to the 

increased transport work (e.g. more kilometers 

traveled). However, when amounts are increasing, 

reuse can be enabled which can make the 

“consolidation within EDC” preferable from an 

environmental point of view.  

 
Figure 4: Energy use per scenario 

 

Recommendations 

Change the recycler‟s transportation to the transportation carried out by the DSPs contracted by 

Ericsson. Using the EDC for the consolidation of WEEE will reduce the costs when the amounts 

of WEEE are increasing (above 66 ton per half year in Central America). If the amounts are even 

more increasing, consider enabling reuse to reduce the impact on the environment.  
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IV Abbreviations 
Abbreviation Explanation Symbol 

BNET Business Unit Networks   

BU Business Unit  

CDC Customer Delivery/Distribution Center   

CDL Central Distribution Logistics  

DSPs Distribution Service Providers   

EAB Ericsson AB  

EC European Commission  

ECCN Export Control Classification Number  

EDC Ericsson Distribution Centrum  

 

 

 

EDL Ericsson Distribution Logistics  

ESD Ericsson Shipping Depot 

 

 

 

GRC Global Repair Center 

 

 

 

HWS Hardware Services  

LC Local Company  

 

 

 

L1 Global Logistic Center 

 

 

 

L2 Regional Logistic Center 

 

 

 

L3 Local Logistic Center 

 

 

 

MU Market Unit  

MTOM Maximum Take Off Mass  

NPC Node Production Centre  

 

 

 

Ppm parts per million  

PuP Pick-up-Point  

SCOC Service Chain Operation Center  

RC Repair Center  
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RCW Regional Claim Warehouse 

 

 

 

RRC Regional Repair Center 

 

 

 

VAT Value Added Tax  

WEEE Waste Electrical and Electronic Equipment  

3PP Third Party Provider  
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1 Introduction 
In this chapter an introduction is given. Background information and the problem as perceived by 

the company are discussed. Thereafter the used methodology is explained and finally an outline 

of the rest of the rapport is presented. 

 

1.1 Background 
The European Union promotes the collection of electrical and electronic waste. With the directive 

(2002/96/EC) on waste electrical and electronic equipment (WEEE) producers are forced to take 

the responsibility for their WEEE, which means that they have to provide their customer a free of 

charge opportunity to give back the product to the manufacturer/seller and that they have to 

ensure the best available treatment, recovery, and recycling techniques for the WEEE treatment. 

Although this directive is in force since 2005, in 2008 only one third of the total WEEE is treated 

according to this directive and there is still a large flow of WEEE going to non-EU countries 

where improper treatment results in environmental damage and increase of health risks 

(European Commission, 2010a). Therefore the EU made a proposal to increase the take-back 

collection and proper disposition of WEEE. Similar legislations are also in development in other 

parts of the world (Hickford and Cherrett, 2007). Legislations, but also economic and consumer 

pressure, drives customer returns worldwide (Srivastra, 2007).  

 

Producers of electrical and electronic equipment have to comply with the regulation. This means 

that they have to set up a system to collect their products from the customer and ship it to a 

proper treatment facility (European Parliament and the Council, 2003). This shipment from the 

customer to the treatment facility is known as reversed logistics. Especially transboundary 

shipments of waste can be complicated and expensive due to the legislations. Besides that, the 

mandatory take-back can increase the pressure on the environment (Lave et al., 1999). To reduce 

the pressure on the environment, the negative aspects (as transportation) of reversed logistics 

should be minimized. Unfortunately the knowledge regarding environmental friendly or green 

reversed logistics is limited (Dowlatshahi, 2005).  

 

1.2 Company description 
Ericsson, founded in 1876, is the world-leading provider of telecommunication equipment and 

related service to mobile and fixed networks operators globally. Every 90 seconds they deliver a 

new radio base station in one of the 175 countries where Ericsson is active. With 82500 

employees, they made a net sale of 206.5 billion SEK in 2009 (roughly 21 billion Euros). 

Ericsson has four Business Units; BU Network (Hardware and Software development and 

delivery), BU Multimedia (communication solutions), BU CDMA Mobile Systems (mobile voice 

and data service solutions for network operators) and BU Global Services (installation, education, 

maintenance, and end-of-life treatment). Besides the business units, Ericsson has 23 Market Unit 

(MU) which are responsible for the sales in the own regional area. During the spring of 2010 this 

will be reallocated in 10 regions. Those MUs/regions are further divided into local offices, to 

provide local support for the customers.  

 

Ericsson supplies both proprietary and non-proprietary equipment. Besides the base station itself, 

Ericsson provides everything around the product that is needed for establishing core and radio 

base station sites. Many different products and services are designed to provide efficient solutions 

for different customer segments. For telecom operators Ericsson provides more or less everything 
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to build, manage and optimize the communication infrastructure network. A famous solution is 

the Video Calling Service (or 3G network). For governments Ericsson provides secure solutions 

for critical infrastructures, border and area security, emergency providers, and home networks. 

For the utility and transport industry Ericsson establishes, operates, and manages the day to day 

operation of the customer‟s communication system. For the media industry different solutions for 

mobile TV, personalized TV is provided, but also solutions for the delivery infrastructure for TV. 

Also the base stations are adapted to the different situations. A large base station covers a big 

area in rural areas, and small base stations with large capacity to reduce the area needed in urban 

areas. Specialized stations for in tunnels and subways exist, as well as a base station running on 

sun collectors. Improvements are continuously made to improve the product quality and the 

energy efficiency.  

 

1.3 Problem definition 
Ericsson takes its „producer responsibility‟ and takes back all the telecommunication equipment 

they produce to comply with the WEEE directive globally. Ericsson wants to provide the 

customers a free of charge collection schema and to ensure a proper treatment of the products 

taken back. Therefore Ericsson established the department Ecology Management within BU 

Global Services in 2005. Ericsson takes full producer responsibility by offering all customers a 

free take-back of the decommissioned equipment. They handle requests for take-back from any 

of its customers, via a network of 23 Market Units and numerous local companies. The whole 

process is run globally through a number of carefully selected and contracted recyclers. 

 

During the set up of Ecology Management‟s global logistics operation, it was found that the 

existing BU Networks logistics set-up was not appropriate to handle the Ecology Management 

distribution requirements. The key reasons for this were that the shipping volumes in the Ecology 

Management take-back flow were too small and infrequent, and that the shipping routes were 

different from the existing negotiated routes for outbound shipments. Periodical checks have been 

made which has confirmed the assumption that recycler‟s arranged shipments are more cost 

efficient. However, during the past years, the volume of transactions within the Ecology 

Management WEEE flow has increased significantly. At the same time Ericsson‟s distribution 

logistics (EDL) has implemented significant changes to Ericsson‟s outbound logistics set-up. 

 

The initial assignment is therefore defined as: 

Assess the possibility and suitability for Ecology Management to utilize the new logistics 

network and structure being implemented by EDL, in order to minimize cost and 

environmental impact from Ecology Managements logistics operations. 

 

The BU network uses the Ericsson‟s distribution logistics (EDL) to facilitate the in- and 

outbound logistics. Ecology Management does not use this distribution network at this point in 

time, but makes use of the transportation provided by the recyclers or by other Delivery Service 

Providers (DSPs). Using the Ericsson‟s distribution network for the reversed logistics is not 

straightforward, due to different reasons: 

 

 The first important reason is the legislation, as the Basel Convention. WEEE should be 

sorted and classified according to the legislation. Depending on the classification, 

different regulations exist for export and import, the documentation, the requirements 
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regarding transport, etcetera. Those regulations differ between the different countries, 

even within the EU. The regulations influence the opportunities of reuse and the costs of 

transboundary transportation of reuse and waste.  

 

 The end-of-life equipment contains parts with different end-destinations. To optimize the 

reverse logistics, not only the flow from the customer to the recycler should be analyzed, 

but also the flow of the products to be reused. The location of separating these materials 

and sending it over to the right destination influences the transport flow and the service 

provided at the recycler and/or warehouse.  

 

 Another point is the recyclers. Including more recyclers will shorten the kilometers 

traveled. However the recyclers should fulfill all the requirements set up by Ericsson 

before Ericsson will send their end-of-life equipment to them. Increasing the number of 

recyclers increases the sourcing costs and potential risks. But it is likely that in the short 

future partner recyclers of the current used recyclers can be used.  

 

 Also the amount and location of the different hubs influence the transport flow and 

service costs. Storing material for more than a few days at a hub, gives another status and 

service packaging to the hub which increases (probably) the cost. Besides that, the amount 

of the reversed flow is variable and depends on the life-cycle phase of the products in a 

country. The replacement phase generates much more take back material as the 

maintenance phase.  

 

However, using the Ericsson distribution network could provide opportunities in terms of 

centralization/consolidation, transport utilization, and standardization. Especially now the EDL is 

changing his logistic network and structure, and therefore an agreement on the location of the 

hubs can be made.  

 

1.4 Project approach 
Taken the motives of Ericsson and the preliminary analysis into account, the assignment can be 

further defined into an evaluation and a design part. The first part has as purpose to get a deeper 

understanding of the current situation and the possibilities. The second part is focused on further 

improving the logistic flow of Ecology Management. Due to the complexity of the task, and the 

different legislations between all the countries, this research is focused on the area Central 

America and the Caribbean. The geographical, cultural, and governmental characteristics in this 

area provides a challenging task which also can be implemented in other areas when a pilot run in 

Central America proves to be successful. This pilot is not part of the master thesis due to time 

limitations.  

 

1.4.1 Evaluation part 
Different problems arise when EDL is utilized for the take-back process of Ericsson. These 

problems have different sources, and should all be analyzed before possible solution can be 

generated. The purpose of this part is to examine in how far the potential problems reduces the 

opportunity to combine the two distribution network, why and how it could reduce possible 

solutions.  
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Research questions 

The following research questions are formulated to examine the first part of the thesis.  

 Q.1. How is the current Ecology Management set-up in Central America? 

Q.2. What are the globally and regional legal requirements, limitations and implications 

to transport take-back equipment under the Ericsson supply umbrella? 

Q.3. What is the prospect regarding the number and location of recyclers in the short 

and long term, especially in the area Central America? 

Q.4. In how far is or will be reuse possible in Central America? 

Q.5. How is the new logistic set-up of Ericsson Distribution Logistics in Central 

America and will this new set-up change in the short future? 

Q.6. Can the different hubs be used for storage of end-of-life equipment i.e. WEEE? 

 

1.4.2 Design part 
The second part has as purpose to design a framework to analyze the logistic flow of Ecology 

Management in terms of environmental consequences and costs. Legislation is treated as 

constraint in the development of possible designs. Ericsson would like to use the Ericsson‟s 

distribution logistics to transport the end-of-life equipment. However to do so, it should be cost 

efficient, environmental friendly, and legal. Interviews with ecology management suggest that a 

total use of EDL is probably not suitable or possible. But the framework should assess a partly 

overlap between the two logistic networks.   

 

Research questions 

The following research questions are formulated to examine the second part of the thesis.  

Q.7. Which factors evaluated in the evaluation part limits a new set-up or has 

significant influence on the outcome? 

Q.8. What are the possible alternatives/solutions to improve the current Ecology 

Management logistics? 

Q.9. How to evaluate the costs and environmental aspects in order to make decisions on 

the best new set-up for Ecology Management?  

Q.10. What can be concluded out of the research? Should, and if, how should Ericsson 

revise the current set-up? 

 

1.5 Research goals 
The company value is described in the problem definition above. The take-back amounts of 

Ericsson are increasing. Company feelings say that utilizing the Ericsson logistic network for the 

return flow should result in a cost reduction. Besides that, sustainability becomes more and more 

important. Analyzing the reversed logistics on the environmental impact ensures the company 

that they act as environmental friendly as possible within the framework of the service they 

provide.  

 

As discussed in the master thesis preparations (van Loon, 2010) not much research is available 

regarding the environmental impact of the logistic part of reversed logistics. However, it is likely 

that the green initiatives used in the forward logistics can also be beneficial in the reverse 

logistics (Marsillac, 2008). Until now these initiatives in the forward logistics, like centralization, 

are not researched on their impact when applied in reverse logistics.  
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Further the literature regarding the evaluation on both the costs as on environmental impact is 

limited (van Loon, 2010). Simultaneously comparison of the solutions on costs and 

environmental impact is possible when the environment is internalized (CE Delft, 2008). 

However, this is often based on subjective criteria (Lambert, 2008). A (scientific) way to evaluate 

both the costs as the environmental impact should be researched.  

 

1.6 Report structure and methodology 
The problem as described above is a design-focused business problem, which means that the 

requirements of the design are determined and that the model/object to be realized is designed as 

instruction for the implementation of the new design (van Aken et al., 2006). The basic steps in 

this process can be found in the figure below. Because reverse logistics deals with a broad set of 

performance measurements and uncertainties, scenario analysis is suitable for the evaluation of 

the designs (Schultmann et al., 2006).   

 
Figure 1.1: Modified design process with synthesis-evaluation iterations (based on van Aken et al., 2006).  

 

The preliminary problem analysis, including the requirements of the new design is discussed in 

chapter 1. Before a new design can be made, certain requirements should be further examined. 

The legal framework, which gives background information for the development of a legal new 

design, can be found in chapter 2. In chapter 3 background information of the other logistic flows 

of Ericsson are described to analyze the requirement of a partial utilization of the EDL flow.  

 

The synthesis-evaluation iteration has as goal to develop a new logistic set-up for ecology 

management which fulfills all the requirements. In chapter 4 the possible designs are generated 

based on the logistic flows and are evaluated on their legality. The legal designs are evaluated on 

costs and environmental impact. The model behind this evaluation is discussed in chapter 5. The 

results are presented in chapter 6. 

 

The report ends with a conclusion and a recommendation on which design to use for the future 

logistic set-up of Ecology Management.  
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2 Legislation 
Chapter 2 gives an overview of the relevant legislations in the take-back process of end-of-life 

equipment. First the regulation for commercial trade regarding the export is discussed, followed 

by the import regulation. Special regulations about the shipment of WEEE are described in 

section 2.3. In 2.4 other relevant legislations are discussed which should be considered when 

designing the take-back process. The last section goes briefly into the region specific legislation, 

which legislations has to be complied in the area Central America and the Caribbean. Purpose of 

the chapter is to understand the legal environment in which the problem is situated and the 

associated limitations for a new logistic design.  

 

To secure compliance with the legislation, the take-back process (e.g. the shipment of the end-of-

life-equipment) has to act in accordance with the following directives, laws and regulations:  

 The Basel convention: controls transboundary movements of hazardous waste and other 

waste and their disposal. It is a global agreement between 172 parties (Basel convention, 

1989). 

 The OECD Decision: supports governments in developing (for example environmental) 

policies. It is an organization for economic co-operation and development (OECD, 2004). 

 The EU directive 2002/96/EC on waste electrical and electronic equipment (WEEE): 

provides rules for the collection and recycling of electrical and electronic equipment 

(European Parliament and the Council, 2003). 

 Proposal for a directive of the parliament and of the council on waste electrical and 

electronic equipment (WEEE) 2008/0241 (COD): has as purpose to improve the 

effectiveness and reduce the administrative costs of the WEEE directive (European 

Parliament and the Council, 2008). 

 The EC regulation No 1013/2006 on shipments of waste (European Parliament and the 

Council, 2006). 

 Standard international commercial trade regulations: the local export and import 

regulations on transboundary shipment of products. The export and import control are 

depending on (respectively) the country of export and the country of import.  

Outside the EU borders, the EU directive and EC regulation are not mandatory. However relevant 

bilateral agreements between countries not party to the Basel convention should be taken into 

account.  
 

2.1 Export documentation 
All transboundary shipment of products, and therefore also waste or reuse shipments, has to 

comply with the standard international commercial trade regulations (Bureau of Industry and 

Security, 2003). In certain cases these standard regulations require an export license. Applying 

for the right license and ensuring approval before export is the responsibility of the exporter in 

record.  
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2.1.1 Export license 
Products, and especially dual use products, requires an export license in most countries. Dual use 

products are subject to the export control to stop building up unwanted military capacity and to 

stop terrorism (European Parliament and the Council, 2009). A product is classified as dual use if 

it contains, for example, encryption or can act as bearer of encryption over 56-64Kbs, as wireless 

intercom, internet, or other networks products. A large part of Ericsson products are classified as 

dual use products. Within the EU no export license is needed and also from the EU to the +7 

countries (i.e. Japan, USA, Australia, Norway, Switzerland, Canada, and New Zeeland) are in 

most cases from the EU side free of additional export licenses (subject to the general export 

license EU001) (European Parliament and the Council, 2009). But outside those countries a 

requirement for an export license is likely. An export license should include a description of the 

product, destination, the end-user and the end-use.  

 

Different licenses exist. A national individual license is issued for a specific product to a specific 

destination. A national global license allows unlimited export until the end of the license time 

period of products related to ECCN category (Export Control Classification Number) to the 

specified countries. Which, and if any, export license must be obtained from the local authorities 

is defined by the local export control requirements.  

 

To avoid an export license outside EU+7 the functions under control should be removed, which 

means that the product has to be destroyed, or in such way modified that the specific controlled 

functions are removed.  

 

2.1.2 End user statement 
The end user statement guarantees that the product bought by the customer is not re-exported 

(except for repair, upgrade, maintenance, or recycling back to the supplier or to an assigned 

company by the supplier), and for dual use products it guarantees that the product is solely used 

for non-military and peaceful use. Ericsson has to report the end user statement of all customers 

which uses dual use material to the Swedish government. This gives no restrictions for exporting 

the products for recycling when the right internal procedure is followed (a template to inform the 

Swedish government has to be filled in).  

  

2.1.3 Conclusion 
For waste/scrap with destroyed dual use functions, probably no export license is needed. 

However to be able to reuse the dual use products, export license are needed for shipping from 

outside EU or for shipping from EU outside the +7 countries.  

 

2.2 Import documentation 
To ensure that the importation of the products is fulfilling the international and national 

regulations and laws, the importer of record is responsible for the items to be cleared through 

customs, which means that the customs authorities must give their approval before the goods may 

leave or enter the country. This procedure consists of approving the custom declaration and 

additional documents, paying the duty and other charges, and completing the customs clearance.  
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2.2.1 Customs declaration 
The customs declaration should always be provided. The basic document contains a description 

of the goods, a classification of the product, and other details related to the importation. 

Sometimes additional information is required, for example invoice and certificate of origin or an 

export license.  

 

2.2.2 Classification 
The classification code is used as tool to determine the charges, and for checking if there are any 

restrictions regarding the import of the goods. All goods that are exported/imported must be 

classified with a 6-digit code, which must be extended to a 10-digit code in certain countries.  

 

2.2.3 Custom duty and VAT 
The level of the charges depends on the classification of the product and on the country. The 

purpose of the charges is to protect trade: prevent that harmful goods enters the country, fight 

organized crime, and to ensure an efficient, fair and secure trade. The customs duty is calculated 

by multiplying the customs value with the duty rate as defined in the customs tariff (TARIC) 

(European Commission, 2010b). The Value Added Tax (VAT) is calculated by multiplying the 

taxation value with the VAT rate, which depends on the type of product and the importing 

country.  

 

The value of the products depends on the purpose of the end-of-life equipment. If it is reused, a 

„fair market price‟ has to be set. A „fair market price‟ is difficult to set. During the transportation 

it is unknown of the products can be reused. In some countries it is possible to adjust the customs 

value after the identification of the reuse. For products that are going to be recycled the value 

should be equal to the expected revenue after recycling, which is almost zero.  

 

2.2.4 Conclusion 
Due to the difficulties with setting a true value and due to the different regulations between the 

countries, the customs value should be set according to the local rules.  

  

2.3 WEEE transport documentation rules 
Electrical and electronic equipment waste (WEEE) can be either hazardous waste (e.g. amber 

waste) or non-hazardous waste (e.g. green waste) (European Parliament and the Council, 2003). 

Regulations regarding the transboundary shipment of amber and green waste can be found in the 

Basel convention (1989), the OECD decision (2004) and in the EC regulation on shipment of 

waste (European Parliament and the Council, 2006). An overview of the overlap between these 

regulations can be found in the figure below: 
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Figure 2.1: overall diagram on the regulation of the shipment of waste (Federal Environmental Agency, 
2010) 

 

Amber waste is subject to more severe regulations regarding packaging, transport and storage. 

Waste can be transported as green waste when it contains no hazardous materials, i.e. no amber 

waste such as batteries or CRT screen monitors. Both the control procedure for green as for 

amber waste are discussed below.  

 

2.3.1 Green waste process 
Green waste can be exported/imported under the normally applied controls as in commercial 

transactions outside EU member states (OECD, 2004). This means that green waste should fulfill 

the requirements regarding customs declaration and charges and export control regulation. 

Outside the EU no additional requirements are stated. For shipment within or into the EU 

member states, the shipment must be accompanied with an additional information document 

(European Parliament and the Council, 2006). 

 

2.3.2 Amber waste process 
Shipment of amber waste is only possible if prior notification is given to the authorities of 

countries of export, import and transit. The procedure starts with a notification and movement 

document, which has to be filled in by the exporter. After sending these documents to the 

competent authorities, the authorities have according to the Basel Convention 60 days (or 30 days 

for OECD countries) the time to object to the proposed shipment. The country of import should 

confirm that the recycler is going to treat the WEEE in an environmental sound manner. Besides 

the documents, the country of import or transit may require that the shipment is covered by 

insurance, bond or other financial guarantee. After the 60 day time period the movement 

document can be completed. This document with the actual date of transportation is sent to all 

concerned authorities and the consignee. The shipment of waste shall be accompanied by a 

movement and notification document with consents of the involved authorities. After the 

treatment of the WEEE, a certificate of disposal and/or recovery should be provided on request. 
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The same procedure can be used for the transportation of WEEE from the collection point to a 

warehouse. The warehouse responsible signs than the movement document to prove that the 

WEEE is received. For sending the WEEE to the recycler, a new notification document should be 

submitted.  

 

The transportation is legal until 1 year after approval of the transportation. Also the 

recovery/disposal should be fulfilled within 1 year after receiving the WEEE. In some cases a 

general notification can be submitted. This is only possible if the several shipments contains 

similar products, uses the same route and has the same consignee and facility. The general 

notification is only valid for a maximum of 12 months (OECD, 2004).  

 

Appropriate and proportionate administrative costs for the notification and supervision 

procedures and usual costs of appropriate analyses and inspections may be charged. The cost 

varies between the countries, and can be ranging from 2 500 SEK to 50 000 SEK (estimation of 

the contracted recyclers of Ericsson).   

 

2.3.3 Conclusion 
The required documentation for shipment of amber waste can take 60 days until completion, 

which implies lead time consequences. Besides that, due to the varying administrative charge, 

amber waste shipment should be assessed case by case to identify the most cost efficient route. 

When possible, amber waste should be recycled by local recyclers which are approved by 

Ericsson to avoid the additional charges for transboundary shipment. Therefore an early 

separation of Amber and Green waste (at the collection point) reduces probably the complexity 

and costs.  

 

2.4 Special restrictions and opportunities 
Directives, laws and regulations regarding transboundary shipment can be different between the 

countries. In some countries the complexity of transboundary shipment is reduced, this is the case 

in free trade areas and zones. The complexity increases when special restrictions appear, for 

example countries under embargo.  

 

2.4.1 Free trade area 
Trade barriers are eliminated between the countries that join a free trade area. The purpose is to 

increase the trade to reduce tariffs and quotes (custom duty) on most goods and services. An 

example of such area is Mercosur which include different countries in South America.    

 

2.4.2 Free trade zone 
A free trade zone is a special area with reduced cost and rules for import and export of products. 

For example tariffs and quotas are eliminated and bureaucratic requirements are reduced. There is 

no need to register the company to be able to own material in a free trade zone. The purpose is to 

attract new businesses and foreign investments.  

 



 22 

2.4.3 Transboundary movement restriction 
The Basel Convention states that in all cases transboundary movement must be minimized, which 

means that export of waste is only preferable when a country has no facility to dispose the waste 

in an environmentally sound and efficient manner. Further the parties should prohibit the export 

to countries which has prohibited the import of that type of waste (Basel convention, 1989). 

Within the EU different export bans for shipping hazardous waste to non–OECD countries exists. 

Outside the EU no export bans are regulated by the Basel Convention or OECD-council decision 

(Federal Environment Agency, 2010).  

 

2.4.4 Embargo countries 
Special conditions must be met when doing business with countries under embargo, which means 

that the trade with these countries is either prohibited or extremely limited. The countries Cuba, 

Iran, North Korea, Sudan and Syria are currently under embargo. Due to risk of severe penalties 

when doing business with those countries, Ecology Management should inform the Ericsson 

department legal affairs when they are planning to take products back from these countries.   

 

2.4.5 Technical requirements 
Transboundary movements of WEEE should be packaged, labeled, and transported to conform to 

the generally accepted and recognized international rules and standards. For example 

weatherproof covering and impermeable surfaces for appropriate areas is required. The batteries 

(and other hazardous products) should be stored in appropriate containers (European Parliament 

and the Council, 2008). Also the transport of amber waste has to fulfill more requirements than 

the shipment of green waste. The shipper has to be aware that he is transporting hazardous 

products, and act according to the rules that apply for hazardous products. Green waste shipments 

and storage has no additional requirements.   
 

2.4.6 Conclusion 
The different restrictions and cooperation between countries implies that the complexity of the 

trade between different countries depends on the country considered. Special cases should be 

considered before designing the reversed logistics. Shipment of amber waste has to fulfill more 

requirements and therefore it is more efficient to separate amber and green waste early and to 

design a take-back process for both independently.  

 

2.5 Region specific legislation  
Within Central America and the Caribbean all countries except Grenada signed the Basel 

convention (Basel Convention, 2010), which means that the Basel Convention regulation apply in 

this area. The OECD regulation and EU regulations are not applicable in the area Central 

America and the Caribbean. See appendix B for an overview of the member countries of the 

different regulations. 

 

Besides the Basel Convention and its restriction on hazardous waste transport (see 2.3.2), the 

standard international commercial trade regulations have an impact on the transboundary 

shipments in Central America and the Caribbean. The following legislation applies:  

 Import regulations require the original invoice which contains the detailed information 

regarding the products, delivery, payment, manufacturer etc. Further a transport document 

is required, preferable with packing list and certificate of origin.  
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 The custom declaration, the declaration of value is required for importing the products. 

The declaration of value is not necessary in Panama or in El Salvador.  

 For import in Costa Rica the export document must be attached.  

 In some countries (Costa Rica, Nicaragua, and El Salvador) import permits increases the 

complexity of importing particular telecommunication products.  

 The export regulation requires the same documents; original invoice, transport document 

and preferable extended with a packing list and certificate of origin.  

 Export licenses can be needed for workable dual use products in some countries in 

Central America.  

 

Further a special situation is the trade to and from the Colon free trade zone.  The free trade zone 

gives fiscal benefits: there is no tax on any of the shipments sent to or from the free trade zone to 

any place in the world (FOB, 2010). Firms located in the colon free trade zone are exempt from 

import duties or other tax on import and re-exports (Business Panama Group, 2010). Without the 

need for a permanent establishment, companies can hold inventory within the free trade zone for 

an unlimited time period.  

 

2.6 Conclusion 
The transport of end-of-life equipment has to fulfill different requirements and therefore it is not 

as straightforward as normal product distribution. These requirements will (most likely) become 

more severe in the future when environmental problems increases. However not exactly the same 

rules will apply around the world and small differences between the countries will remain (or 

increase) in the future. Therefore the expectation is that the shipment of WEEE will become more 

difficult in the future. Besides that the environmental legislations interact with legislations which 

prevent unsafe situations and with economical legislations.  

 

 
Figure 2.1: Interaction of legislations 

 

All these legislations have to be considered before designing a new logistic set-up to ensure 

compliance with the different legislations and to be able to design an efficient set-up. For 

example, export regulation, duty rates, and exchange rates can have significant influence in the 

outcome of the new designed logistic set-up (Beamon, 1998). Each design will therefore be 

examined on the legislations discussed above.  

Safety: export license, classification code, 

transport documents  

Environment: 

less transport 

and activities  

Financial: 

Tax, custom 

duty, trade 

compliance  
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3 Logistic flows 
Besides the previously mentioned two logistics flows (Ecology Management and EDL), Ericsson 

has another three logistic set-ups to provide operational excellence for all the different activities 

of Ericsson. Although these flows were not included in the initial assignment, the flows can 

provide the same opportunities as EDL, when a combination of the flows is possible. For each 

flow the actual flow and warehouses as well as the coordination is described on a high and global 

level. The purpose is to find synergies and differences between Ecology Management and the 

other flows, which make them suitable or unsuitable to utilizing the flow for Ecology 

Management. The five logistics set-ups, with the products they handle, are presented here: 

 

Logistic Flow Product Place in report 

Ecology Management End-of-life equipment  3.1 

Ericsson Distribution Logistics  Finished goods 3.2 

Hardware Service Faulty material (used by customer)  3.3 

Buy Back Excessive material (not used) 3.4 

Claims Faulty material (not used by customer)  3.5 
Table 3.1: Overview Logistics flows of Ericsson.  

 

3.1 Ecology management 
The department Ecology Management is responsible for the global end-of-life treatment program. 

Ericsson ensures the best available treatment for internal and external WEEE, batteries and 

packing material. The Ericsson Group WEEE directive states: “Ericsson shall, free of charge to 

customers and complying with or exceeding WEEE and WEEE-like legislation, offer to take back 

all retired/de-commissioned Ericsson products and solutions worldwide”. Ericsson recycles over 

90 percent of decommissioned equipment, exceeding the EU WEEE Directive stipulation of 75 

percent. Of this, five percent is re-used as components. Remaining plastics are largely utilized as 

fuel, while metals are sold. The non-recycled 10 percent is clean and can be used as building 

material. The process regarding the planning and administration of taking the whole product 

back, including sending the different components to the right location(s), is a task of the office in 

Borås. The design of the process is developed and controlled at the department Ecology 

Management in Stockholm. The global reversed logistic of Ecology Management had an amount 

of 12 357 tons in 2008.  

 

The WEEE process flow consists of different steps with different actors. Variants on this process, 

for internal end-of-life equipment and packaging, can be found in appendix C. The process for 

external WEEE (from the customers) is described below: 
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Figure 3.1: the WEEE process 

 

The process starts as soon as the customer places a request for picking up end-of-life equipment 

by his own regional Market Unit or Local Company (1). They decide together where the material 

can be picked up by the recycler. This collection point should be easily accessible for transport 

vehicles (2). As soon as the material is ready for pick up at the collection point, the Market Unit 

sends a request for pick up to the control tower (3). After confirmation of the request (4), the 

control tower places a transport order for picking up the material at the collection point. Mostly 

this transport is carried out by the recycler (5). The control tower sends a service request to the 

recycler (6) and sends all the information regarding pick up date and service number to the 

responsible Market Unit (7). The recycler receives the material and makes an inventory report 

(which includes the condition of the material) (8). This report is forwarded to the Global Planning 

department of Ericsson (9). This department decides which products Ericsson likes to reuse (10). 

The recycler receives the information (11), and separates the reuse material from the material he 

can recycle. After recycling, the recycler sends the recycler documentation to the control tower 

(12). The control tower updates the take-back inventory in the warehouses (13) and the necessary 

government documentation is sent to the right authorities (14). At last the reporting can be closed 

(15).  

 

3.1.1 Transportation links 
The physical flow of the take-back starts with the customer. The material is transported to a 

„collection point‟. This is mostly the warehouse of the Local Company of Ericsson or a customer 

warehouse, but it also can be another agreed location. There the recycler picks up the material 

and transport it to his facility.  

 

 

 

 

 

 



 26 

 
Figure 3.2: overview transportation links ecology management. 

 

When there is no Local Company in the same country, the products are transported directly from 

the customer to the recycler. The recycler is an experienced transporter of WEEE and takes care 

of the transboundary shipments and the associated required documentation.   

 

3.1.3 Short term changes 
To comply with the (future) legislations, the material should be sorted in amber (hazardous) and 

green (non-hazardous) waste (OECD, 2004). The CRT screen monitors and batteries of Ericsson 

are determined as amber waste. To prevent problems and unnecessary transportation documents, 

the waste should be separated at the collection point, before the transboundary shipment. 

Therefore Ecology Management has changed the set-up and is currently working on the 

implementation of the new set-up globally, which should be finished by the end of 2010. Three 

solutions are designed: within the EU+7, outside EU+7 with Local Company, and outside EU+7 

without Local Company. The separation between green and amber waste will be implemented, 

regardless of the outcome of this research. Therefore the following set-up should be taken into 

account, although it is not yet implemented (in the area Central America).  

 

Within EU+7 

Within the EU+7 (i.e. the countries within EU and Japan, USA, Australia, Norway, Switzerland, 

Canada, and New Zealand) additional green waste regulations exist for shipping it to or from the 

+7 countries, i.e. green waste have to be further separated into fractions before transportation. 

Within the EU no export license is needed for green waste, but a green waste document should be 

signed by the recycler and by the person who arranged the shipment. To comply with this 

legislation the material within EU+7 countries will be shipped from the customer to a LC or MU 

in the particular country. Ericsson takes the ownership over at the collection point and separates 

amber waste from green waste. The recycler is responsible for the shipment between the 

collection point and the recycling facility, and has therefore the ownership of the material from 

the collection point. For amber waste the same rules apply as in the situation outside EU+7 with 

Local Company.  

Recycler                                collection point  customer 

Country A                     Country B 
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Figure 3.3: material flow and ownership structure within EU+7.  

 

Situations with Local Company 

Outside the EU+7 WEEE will be shipped from the customer to the collection point, which is in 

most cases the warehouse of the Local Company. The LC performs all activities and services at 

the collection point, to avoid VAT risks. The LC is also responsible for being the exporter of 

record and has to apply for any necessary export licenses. The export license is needed for reuse 

of dual use material (e.g. material that can be used both for civil as for military purposes). 

Different options are possible. The first possibility is no reuse in these situations, and 

consequently there is no need for applying for an export license. Another option is to separate 

reuse from waste at the collection point. When only products are reused that does not contain 

dual use functions, no export license is needed. Alternatively dual use reuse is separated. An 

export license is required in this case. The last option is to identify the dual use products at the 

collection point, apply for an export license and separate the material for reuse at the recycler‟s 

facility. Which option is the most cost-efficient depends on the condition of the material. In some 

cases separating the dual use material can be profitable even with the extra administrative cost to 

apply for the export license. However as long as no sustainable long term solution is founded, 

there will be no reuse outside EU+7.  

 

There is no export license required for the transportation of amber waste as it is not classified as 

dual use and it will not be reused, but obviously it has to fulfill the transport requirements for 

amber waste. Ericsson requires the LC to store the amber waste for a maximum of 6 months to be 

able to consolidate different amber shipments and to reduce the administration costs and other 

charges. The material flow for countries with a Local Company can be found in Figure 3.4. 

 

Country A                     Country B   Country C 

Ericsson Warehouse               Recycler   Collection point  Customer 

Green waste 

Amber waste 

Reuse 

Ownership:            LC           Recycler         MU/LC         Customer 
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Figure 3.4: Material flow and ownership structure outside EU+7 with Local Company. 

 

Situations without Local Company 

To be able to transfer the ownership of the material from the customer to Ericsson in a particular 

country, permanent establishment in that country is needed. The permanent establishment risk 

makes it impossible for Ericsson to apply for an export license or to bear the exporter of record 

responsibility in countries without LC. In this case the customer ships the material to the 

collection point; in most cases the customer‟s warehouse. The customer will be the exporter of 

record, and the recycler the importer of record. The ownership of the material will be transferred 

directly from the customer to the recycler. All activities at the collection point, like sorting and 

destruction of dual use material, should be performed by the recycler or by the customer due to 

VAT risks when Ericsson performs any activity at these collection points. Reuse will be difficult 

in these cases, because the customer does not have the required product information to be able to 

apply for the export license. Therefore the dual use products have to be destroyed at the 

collection point. Also the WEEE should be sorted in amber and green waste at the collection 

point, on behalf of the customer or recycler. The customer with support of EAB and the 

contracted recycler should take the LC role in those markets.  

 

Amber waste is not shipped continuously, but is stored at the Local Warehouse for a maximum of 

6 months. Ecology Management will perform, together with the recyclers, a frequent assessment 

to find a cost efficient transport route. Shipping of Amber waste is expensive and the cost varies 

significantly between the different countries.  

 
Figure 3.5: Material flow and ownership structure outside EU+7 without Local Company. 

Country B        Country C 

         Recycler   Collection point  Customer 

Green waste 

Amber waste 

Country A                     Country B   Country C 

Ericsson Warehouse               Recycler   Collection point  Customer 

Green waste 

Amber waste 

Reuse??? 

Ownership:            LC           Recycler         MU/LC         Customer 

Ownership:                     Recycler           Customer 
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3.1.4 Conclusion 
Reuse of dual use material is difficult outside the EU+7. As long as no sustainable long term 

solution is provided, there will be no reuse in this area. In countries without a LC the customer 

together with the recycler should perform the requested activities. The customer willingness to do 

this depends on different factors, and should be researched.  

 

An overview of the requirements per situation can be found in the table below: 

Location  Contains 

Hazardous 

waste 

Contains 

functional 

dual use 

Requirements * 

EU +7 Yes Yes EU0001 

Amber notification + movement 

document, certificate of disposal/recovery 

(administrative cost) 

No Amber notification + movement 

document, certificate of disposal/recovery 

(administrative cost) 

No Yes EU0001 (+ in future document of testing) 

No Green waste document (additional 

separation) 

Embargo - - Contact legal affairs 

Outside EU + 7 + 

embargo countries 

Yes Yes Export license** 

Amber notification + movement 

document, certificate of disposal/recovery 

(administrative cost) 

No Amber notification + movement 

document, certificate of disposal/recovery 

(administrative cost) 

No Yes Export license** 

No - 

*Always the requirements of the standard international trade regulation, as custom declaration 

with classification, the custom duty and VAT issues.  

** In most countries export license needed.  

 

3.2 Ericsson Distribution Logistic 
Ericsson Distribution Logistic (EDL) is responsible for managing and optimizing the total spends 

on the distribution of finished goods to the customers and to aim at minimizing environmental 

impacts. EDL designs, implements, maintain and develop the global distribution and 

warehousing processes globally. The actual transportation is outsourced to different Distribution 

Service Providers (DSP). It is the task of EDL to select, contract and maintain a suitable number 

of DSP and to ensure their operational performance, in order to develop end-to-end distribution 

solutions for all customers and logistics flows. The vision of EDL is that “distribution logistics is 

perceived as competitive advantage, due to timely and accurate performance with the markets 

lowest costs and environmental footprint”.  
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3.2.1 Transportation links 
The transportation network is dependent on the type of the contract. When the contract is owned 

by EAB the products are manufactured and consolidated in Sweden and sent over directly to the 

relevant country. The inbound flow exists of „global‟ suppliers who deliver via a warehouse or 

directly to the Node Production Centre (NPC). The components of the product are consolidated 

with other external products within the EDC (Ericsson Distribution Center) in Sweden. From 

there the product are shipped to a regional hub or more often directly to a LC warehouse.  

 

 
Figure 3.6: EAB owned contract finished good flow 

 

The contract can also be owned by the Local Company. In that case the Ericsson components are 

sent from a factory of Ericsson to the LC warehouse. Regional and local suppliers deliver to the 

MU or LC. To make this transport more efficient and practical different Ericsson warehouses 

exists where the products can be consolidated and/or separated. From the LC warehouse the 

products are shipped to the customers. This can be directly, but it is also possible that the 

shipment to the customer consists out of different shipments coming from different LC 

warehouses.  

 

 
Figure 3.7:  Local Company contract finished goods flow  

 

The future vision within Ericsson is to use the EDC more for the finished good flow, not only the 

EDC in Sweden, but also the EDCs in other parts of the world. 

 

3.2.2 Hubs 
The EDC is an Ericsson Distribution Center which is located in a free trade zone for external 

vendors. The EDCs are operated by different DSPs. The main purpose of the EDC is to reduce 

the distribution cost by consolidation and to reduce the inventory at the local warehouses. 

Sweden               Country B 

Country A            Country B     Country C 
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Therefore the functions of the EDC are product storage, pick and pack, export functionality, 

goods receipt, goods issues, labeling, warehouse management, inventory planning, and 

traceability handling. The EDC is a regional warehouse with the possibility of Ericsson (EAB) to 

own stock but also other specific 3PP products can be stored.  

 

The ESD is an Ericsson Shipping Depot also operated by a DSP. This is only a depot for transit, 

used for the consolidation of different shipments. The difference is that the products at this point 

are under way to the customer, no storage or warehouse facilities are possible except from transit 

storage with a maximum of 5 to 14 days depending on the country.  

 

3.2.3 Coordination 
EDL consists out of a network of people around the world to coordinate the logistic flow. The 

Central Distribution Logistics (CDL), located in Kista in Sweden, is responsible for the overall 

coordination of the logistic flow including all distribution and warehousing activities within 

Ericsson. The local transport, from the main airports and seaports to the customer is the 

responsibility of the relevant unit. They have specific knowledge about the (possible) local 

suppliers and customers within their area. EDL has 30 different units around the world, both 

regional as on market unit level.  

 

Although the local transportation (from the main airport to the local warehouse) is the 

responsibility of the relevant unit, the department transport management (located in Kista) is 

responsible for the distribution to the end customer (from the local warehouse to the customer). 

This includes the transport of special vehicles to deliver the product on the agreed place, for 

example on the roof of a high building.  

 

The international transportation is regulated by a global contract with the different DSP Ericsson 

is using (5 in total). For the national transport the same DSPs or local transport companies can be 

used. The advantage of using the global DSP is that Ericsson can make a reference to the global 

contract, which saves work. However there is no fixed DSP per region and the relevant unit is 

free to choose a suitable transporter.  

 

As stated earlier, Ericsson is changing the Market Unit set-up into different regions. At this point 

it is unclear what the influence is for the EDL set-up.   

 

3.2.4 Conclusion 
Although EDL has a global network of different hubs/warehouses, EDL has no existing return 

flows. Therefore the cost and impact on the environment of combining the Ecology Management 

set-up with the EDL set-up is unknown and depends on the DSPs. Further the time-limitations for 

the storage of products within the ESD makes this warehouse (probably) less suitable for the 

consolidation of WEEE. The EDCs (which are located in a free trade zone) has no time-

limitations on the storage of products, which gives an interesting opportunity.  
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3.3  Hardware service  
The Hardware services department, responsible for the repair and replacement flow, has own 

warehouses and flows all over the world in order to be able to guarantee the agreed service lead 

time to the customer. This lead time varies and can be very short (2 hours). The hardware service 

department and Ecology Management are the only ones who take-back used products. After 

repair the products are either returned to the customer or are taken into spare parts stock for a 

new replenishment. When the product cannot be repaired, which depends on type and quality of 

the product, it will be scrapped. 80% of the total take-back is repaired.  

 

3.3.1 Transportation links 
The hardware service department has both an outbound and an inbound flow. The outbound flow 

sends over new or repaired products to the customer. From the repair center (RC), the factory or 

the global logistic center, the products are shipped and stored on regional level: the regional 

logistic center (L2). When lead-times from the L2 to the customer are too long according to the 

agreed contract, a local hub is placed (L3). A local stock point for specific customers, stock at the 

customers site but owned by Ericsson, or customer stock at the customer site can also be 

implemented to reach the agreed lead-time.  

 
Figure 3.8: overview current HWS outbound flow 

 

The inbound flow starts with transport of the faulty product or component from the customer to 

MU controlled Local Logistic Center (L3). Sometimes the customer is asked to bring it to an 

agreed pick-up-point (PuP). At the L3 it can be temporary stored or directly sent to a regional 

logistic center (L2). From there it can be send further to the original supplier, to the repair center 

either regional or global (RRC or GRC respectively), or it is directly scrapped.  

 

 
Figure 3.9: Overview current HWS inbound flow 

Country A            Country B     Country C 

Country A            Country B     Country C 
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3.3.2 Hubs 
Hardware services (HWS) makes use of different warehouses at different levels. The global 

logistic center (L1) holds material that has or will be phased out. At regional level, the L2 is the 

common hub to replace the faulty materials at the customer site whenever needed and within the 

agreed service time. Besides holding stock, L2 separates the material for reuse, repair or 

scrapping. At the local level, the L3 is used as consolidation point for shipping the faulty material 

to the L2 (inbound), and for guaranteeing the agreed lead time when this is not possible from the 

L2 (outbound).  

 

3.3.3 Coordination 
The product components within the local warehouses (L3) are owned by the relevant market unit 

(MU). This means that the MU is responsible for applying for the export license when exporting 

dual use products/components (i.e. components with encryption). Stock and activities within L2 

is coordinated by SCOC: Service Chain Operations Centers. One of their tasks is to forecast the 

amount of repair to the repair centers, to act as an order desk for spare parts and to plan the total 

inventory levels of the spare parts.  

 

HWS is using another IT system as the other return flows. It is planned to introduce HWS in the 

same IT system, however no actual date is planned yet.  

 

3.3.4 Conclusion 
Hardware service has it own hubs around the world. The size of the local warehouses (L3) makes 

them unsuitable for the consolidation of WEEE. The regional warehouses (L2) have the right 

size, but the location makes them also less suitable to use for the consolidation of WEEE, L2 is 

not located in a free trade zone. Further, the other IT system makes it (at this point in time) hard 

to combine the different flows, as the inventory and customers request are reported within other 

systems.  

 

3.4 Buy back 
Buy back buys material back which is bought by the Market Unit (MU) but cannot be used. 

Different reasons exist: the MU has too much material in their warehouse, the MU has ordered 

the wrong material or the customer contract is cancelled for some reason. This material is not 

used and therefore similar to a new product. The buy back department will check the material and 

prepares it for reuse.  

 

3.4.1 Transportation links 
The destination of the products depends currently on the type of the product. Different 

coordination and location points exist within Sweden, depending on the product. However in the 

short future the different buy back departments within Sweden will be merged together within 

one buy back department for all product types. In all cases the MU will send the material from 

their warehouse directly to Sweden.  
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Figure 3.10: overview current buy back set-up  

 

Currently there is a pilot to use the EDC for collecting and dissembling the products in the buy 

back flow. After dissembling, each component can be send back to the relevant factory or 

external supplier. The pilot is running in Sweden.  

 

 
Figure 3.11: overview future buy back set-up  

 

The relevant MU decides on what transport mode to use for the reverse flow. They evaluate the 

transport mainly on costs, and therefore in most cases the products are shipped by boat. However 

there are exceptions where the MU prefers a faster transport mode (i.e. truck or airplane).  

 

3.4.2 Hubs 
The buy back flow makes use of the Local Company warehouse. In the future they will also use 

the different EDCs. However they have to research the possibility and suitability of the other 

EDC (besides the one in Sweden where the pilot is running) for using them as proposed in the 

future buy back flow.  

 

3.4.3 Coordination 
The process starts when a MU requests the buy back department to buy back the material. The 

buy back department analyses the case and calculates the value and costs for Ericsson. Before the 

shipment can be started, it should be approved by different departments within the relevant 

factory. The MU is responsible for appropriate packaging of the material and for applying for the 

export license. Further the MU should arrange the transportation and have to pay for the costs of 

transportation, including the custom duty. The relevant factory (NPC) analysis the value of the 

product, performs the necessary activities to enable reuse, and put the product in stock. Only 

when the product is reusable the MU gets paid for the value minus the costs made.  

 

Country A          Country B 

Country A            Country B  Country C          Country D 
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3.4.4 Conclusion  
Because the products within the buy back flow are as good as new, applying for an export license 

is easier for buy back than for Ecology Management. The end user statement allows bringing the 

products back to the location of origin e.g. Sweden.  

 

3.5 Claims 
The BNET claims is responsible for buying faulty material back from the customer site which is 

not used by the customer. The claims process provides services during the installation phase of 

the product. It includes incorrect quantities, wrong products delivered, transport issues, damaged 

products during installation, and functional defects. The last two are only considered as claims 

when the installation is controlled by Ericsson. This means that claims can only be products 

which are not yet ready for acceptance by the customer, and therefore still owned by the MU/LC.  

 

3.5.1 Transportation links 
The transport flow to the customer is depending on the geographical location. Some Market Units 

(MU) has stock in the regional claim warehouse (RCW) in order to replace the products as soon 

as the claim is received and accepted by CDC/customer logistics. If the relevant product is out of 

stock, or the relevant MU has no stock, a direct shipment from the factory to the customer will be 

made.  

 

 
Figure 3.12: overview claims set-up without and with use of RCW 

 
The, for Ericsson, inbound flow returns the faulty products from the customer to the Local 

Company (LC) warehouse. From there the product is return to the supplier who has delivered the 

product in the first place. For Central America, this is sometimes the Ericsson plant in Brazil, but 

more often the products are supplied by a plant in Sweden (EAB). The products should be 

returned to the CDC/customer logistics within 14 days after the replacement of the product.  

 

3.5.2 Hubs 
The Regional Claim Warehouse (RCW) has stock for fast replacement of faulty material for 

several MUs. Only the defined MUs can make use of the RCWs. The Claims return flow makes 

use of the Local Company warehouse and the different suppliers of the products. The different 

suppliers and factories are mainly in Sweden.  

 

Country A            Country B  Country A         Country B  Country C 
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3.5.3 Coordination 
When a product has to be replaced, the LC has to send the product back to the point of origin. 

The Local Company is responsible for the export, including the export license and custom duties 

and taxes. When there is no Local Company the customer has to export the product. The 

CDC/customer logistic has the task to analyze the proposed claim and arrange the replacement of 

the product when necessary.  

 

3.5.4 Conclusion 
Central America makes no use of the RCW. Therefore the faulty products are shipped from the 

customer to the LC warehouse, to be exported in most cases to Ericsson in Sweden on behalf of 

the Local Company.  

 

3.6 Conclusion  
After the preliminary analysis buy back and EDL are selected for further assessment. EDL has 

many opportunities due to the different hubs around the world. Especially the EDC which is 

located within a free trade zone has opportunities for a possible utilization by Ecology 

Management. Further research is needed to examine the possibility of a return flow in the EDL 

network. Buy back‟s future set-up is also based on this opportunity; using the EDC of the EDL 

network for their return flow. Further they aim for the possibility of activities within the EDC 

(dissembling of the products). When this turn to be possible, a possible separation between reuse 

and waste can enable reuse outside the EU+7. Further examination is needed.  

 

Less suitable for a possible utilization by Ecology Management are Claims and Hardware 

Services. The direct shipment of Claims to Sweden, which are performed under some time 

limitations, result in less possibilities. No consolidation is possible within the Claims network. 

The location of the hubs of Hardware Services and the characteristics of their IT-system makes it 

not easy (at this point in time) to combine the two logistics set-ups.  
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4 From existing flows to new designs 
In chapter 4 the step is made from the logistics flows to new potential designs for the area Central 

America and the Caribbean. First all possible combinations are mapped, based on the several 

existing warehouses in the geographical area. Thereafter the different solutions are examined on 

legality and practical objections. At the end of the chapter the legal possible new designs for this 

area will be presented.  

 

After eliminating two logistic set-ups, the Ericsson Distribution Logistics (EDL) flow and the 

Buy Back flow are candidates for a possible combination with the Ecology Management flow. 

For an overview of the selected flows and geographical presentation, see appendix D. The 

selected flows include different types of warehouses. The EDL flow makes use of the EDC 

(Ericsson Distribution Center), the ESD (Ericsson Shipping Depot), the LC (Local Company) 

warehouse, and the customer warehouse. The buy back uses as well the LC warehouse and within 

the short future also the EDC. Because both the LC warehouse as the Customer warehouse is 

used as collection point by Ecology Management, both will be called collection point hereafter. 

The remaining warehouses are therefore the EDC and the ESD. Based on these two warehouses, 

different solutions are designed:  

 

 Activities within EDC No activity within EDC 

No use of ESD 4.1 4.2 

Use of ESD 4.3 4.4 
Table 4.1: Overview solutions and place in report  

 

4.1 Activities within EDC 
The first design is based on the potential of the EDC. When activities can be performed within 

the EDC, potential reuse can be shipped to the EDC where it is examined on reuse. The reuse is 

separated from the scrap/waste and shipped to an Ericsson warehouse. The remaining waste is 

shipped to a recycler.  

 

 
Figure 4.1: Design “activities within EDC”.  
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Shipping potential reuse within Ericsson means that workable dual use items are shipped across 

borders. Therefore an export license can be required, depending on the local legislations. When 

the products are shipped from Sweden to the customer, an export license including an end user 

statement was in place. This end user statement allows only re-export when it has the purpose of 

repair, maintenance, upgrade or recycling. Export for reuse needs therefore to be reported to the 

Swedish government. Because the products are transported back to Ericsson, no problems have to 

be expected with the end user statement. However a standard template to inform the Swedish 

government should be filled in. In addition a new export license may be required, depending on 

the local export legislations.  

 

The EDC is located in a free trade zone which means that the import and export legislations are 

reduced or eliminated. In the Colon free trade zone in Panama there is no duty on imports to or 

re-exports from the free trade zone to foreign countries (FOB, 2010). E.g. Companies may import 

inputs duty-free if products are to be exported (US department of state, 2009). This means that 

the custom duty is postponed to the shipment from the EDC to the „final destination‟ e.g. the 

recycler‟s facility or the Ericsson warehouse. Further the legislation does not require an export 

license for dual use products shipping out of the Colon free trade zone in Panama. However it can 

be necessary to apply for an export license from the local company to the free trade zone, 

depending on the local legislations.  

 

The activity of separation between reuse and waste/scrap is possible from a legal point of view 

within the EDC in Panama. However knowledge how and what to separate should be transferred 

to the relevant operator of the EDC. This extra activity should be described in the service 

description. Because the separation and associated tasks as making an inventory list is complex, 

specific knowledge is needed. A skilled Ericsson employee should therefore be hired which 

examine the take back material once in the while. Currently the volumes are too small to justify 

the costs for this activity (and the additional workload due to export license). Therefore this 

scenario will not be further analyzed.    

 

4.2 Consolidation within EDC 
In the second design we assume that no activity is possible. In this case potential reuse can be 

consolidated in the EDC, transported to the recycler where separation between reuse and scrap 

can take place. Reuse is shipped to an Ericsson warehouse for further purposes.  
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Figure 4.2: Design “consolidation within EDC” with reuse.  
 

In this scenario the transboundary shipment between Panama and the recycler‟s country (US or 

Mexico) contains potential reuse. As this shipment is not clearly waste/scrap (e.g. with removed 

functions under control, either by destroying the product or by modifying it in a way that removes 

the specific controlled functions), the whole shipment will be seen as reuse for custom duty 

calculations. Therefore the custom duty will be calculated on a “fair market price”. Shipments 

that only contain scrap/waste are subjected to a custom duty calculated on the profit of recycling. 

Therefore enabling reuse in this scenario is expensive due to the high custom duty (based on the 

fair market price) and therefore this design is not preferable.  

 

A variant on this design can be made with only transboundary waste/scrap shipments. From the 

Local Companies, or customers in countries without Local Company, waste is transported via the 

EDC to the recycler. The EDC is in this scenario a consolidation point of waste. 

 

 
Figure 4.3: Design “consolidation within EDC”.  
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Because in this scenario only waste is transported, lower import costs can be expected. Further, 

as it contains no workable dual use components, there will be no requirement for applying for an 

export license which reduces the workload for Ericsson.   

 

4.3 ESD and EDC with activity 
The third solution takes the Ericsson Shipping Depot (ESD) into consideration. The ESD is a 

transit terminal where products can only be stored for a maximum between 5 and 14 days 

(depending on the country). Further there will be no activities possible within the transit terminal, 

as it has no warehouse facilities. In this scenario both the ESD and the EDC act as consolidation 

point for the take-back. Further separation between reuse and waste will be performed within the 

EDC.  

 

 
Figure 4.4: Design “ESD and EDC with activity”.  

 

Shipping via the ESD increases the number of transboundary movements, and therefore the costs 

associated with transboundary movements. Two times custom duties could be requested, one 

from the Local Company country to the ESD country and one from the ESD country to the 

recycler‟s country. Further the products within the ESD should be owned by an Ericsson entity 

located in the ESD country. The increase in transboundary movements and the necessary 

ownership transfer increases the complexity.  

 

However it is possible to use the ESD as collection point for the customer‟s returns in the same 

country. But due to the time limitations and the impossibility of activities within the ESD, the 

Local Company warehouse will be a better alternative.  

 

4.4 EDC and ESD consolidation 
In the last design both the EDC and the ESD are used as consolidation point. No activity is 

performed within the EDC and therefore there will be no reuse in this situation.  
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Figure 4.5: Design “EDC and ESD consolidation”.  

 

As the same reason as above, using the ESD will not be practical. Therefore this scenario can be 

eliminated for further analysis.  

 

4.5 Conclusion 
Due to legislations or other practical limitations, several designs were eliminated for further 

analysis. The scenario “consolidation within EDC” without reuse is legal and has no practical 

objection. This scenario will be analyzed further and compared with the “base case”. The “base 

case” in Central America and the Caribbean is presented in figure below: 

 

 
Figure 4.6: Current situation.  
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However, as discussed in chapter 3, this process should be changed in the short future due to 

changing legislations. Hazardous (e.g. amber) waste should be separated from non-hazardous 

(e.g. green) waste before the transboundary shipment. For the base case this means that the Local 

Companies separate between green and amber waste and destruct dual use products. If there is no 

Local Company the customer or recycler will be required to separate green from amber waste. 

Additional, depending on export regulations, the customer or recycler is asked to destroy dual use 

products.  

 
Figure 4.7: “Base case” scenario.  

 

In the “consolidation within EDC” scenario the Local Companies (or customer or recycler in the 

countries without Local Companies) separate also the amber waste from the green waste and 

destruct dual use products.  
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Figure 4.8: “consolidation within EDC” scenario.  

 

Both scenarios will be analyzed on cost and environmental impact in order to select the most cost 

and environmental efficient legal solution for the take-back of end-of-life equipment.  
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5 Cost and Environmental impact measurement 
In this chapter the model to evaluate the costs and environmental impact of the various scenarios 

is described. Input for the model was the methodology used within Ericsson, external analysis of 

cost/environmental evaluations, and preferences within Ericsson. In section 5.3 the model is 

described. The chapter ends with a discussion regarding the input data.  

 

5.1 Methodology within Ericsson 
The CO2 measurement and calculation within Ericsson is based on the NTM methodology 

(Network for Transport and Environment) and is meant by Ericsson as solution until the 

international standard on CO2 measurement and calculation is available. The CO2 emissions of 

Ericsson‟s activities can be found in appendix E.  

 

Ericsson Distribution Logistics (EDL) is responsible for collecting the environmental data from 

their global Delivery Service Providers (DSPs). Ericsson requests the DSPs to provide either 

actual (measured) CO2 emissions data or an estimation of the CO2 emissions based on the 

emissions factors set by Ericsson. The reported CO2 includes all the transport activities, including 

pre-transport, main transport, and onward transport. Only the direct CO2 emissions are reported 

(e.g. CO2 emissions from the engine exhaust). Transport performed by smaller DSPs (mainly 

after-transport on road to customer sites) is estimated based on the costs. Also the CO2 emission 

of the waste transport is estimated, together with the factories.  

 

5.1.1 Ericsson’s emission factors 
The emission factor set by Ericsson is an amount of CO2 per tonkm transported, and should be 

multiplied with the kilometer traveled and the weight of the products per shipment. Ericsson has 

set the factors per transport mode based on international approaches (GHG protocol), internal 

research, and DSP advises.  

 

The average CO2 per tonkm in airfreight is 

determined for Ericsson products. An 

analysis of 240 shipments resulted in an 

emission factor which is slightly higher 

than the emission factor of 0.57 kg 

CO2/tonkm of the GHG protocol (GHG, 

2010), namely 0.65 kg CO2/tonkm. To 

include the actual distance, the straight 

distance (shortest distance between the two 

airports) is determined and multiplied with 

1.09 to include the effect of take-off and 

landing.       Figure 5.1: Ericsson’s emission factor per  

transport mode in kg CO2 per tonkm.  
 

Maersk has set the emission factor on 0.008 kg CO2 per tonkm for the larger sea-shipments 

(Maerskline, 2010b). Ericsson adjusted Maersk emission factor to 0.017 kg CO2 per tonkm, due 

to the voluminous products of Ericsson; e.g. a ship will not be fully loaded in terms of weight 

(limited on space utilization).  
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Ericsson uses an emission factor of 0.08 kg CO2 per tonkm for road transport and 0.03 

CO2/kmton for train transport. These numbers are based on the GHG protocol (2010) and input 

from the different delivery service providers.  

 

5.1.2 Warehouses 
The amount of CO2 per kWh used is determined for Mexico (0.576 kg CO2/kWh) and for other 

countries in Latin America (0.19 kg CO2/kWh) (IEA, 2010). For district heating Ericsson uses the 

value of 0.22 kg CO2/kWh outside Sweden. In 70% of the facilities of Ericsson (offices, factories, 

warehouses etc.) the energy used is measured as well as the CO2 produced due to the facilities. 

With this data the energy consumption (total energy consumption including district cooling, 

district heating and other energy consumption, divided by total net rentable area) is estimated, 

which was 0.0003 GWh per m
2
 in 2007. In 2008 was this 0.0004 GWh per m

2
. The estimated 

CO2 was in 2007 0.077 ton CO2 per m
2
, and in 2008 0.1014 ton CO2 per m

2
. These values are an 

average of all facilities of Ericsson around the world.  

 

5.1.3 Take-back 
The take-back data from 2009 and 2010 (until 2010-06-08) shows the take-back cost and amount. 

In 2009 all the take-back out of Central America and the Caribbean is transported to the United 

States for recycling.  

 

Country Total weight 2009 (kg) weight 2010 (kg) 

El Salvador 21 044 25 375 

Guatemala 12 675  

Honduras 74 855 31 159 

Panama 21 930  

Jamaica 2 000   
Table 5.1: Take-back of end-of-life equipment within Ericsson (data 2010 until 8 June) 

 

With the data of all countries (also outside Central America) it can be estimated that the average 

weight of request is 10 ton. Of these requests 18% has a weight below the required 2 ton. These 

requests were therefore combined with other requests to exceed the 2 ton requested for 

transportation. The average shipment amount worldwide is therefore slightly higher than 10 ton. 

In Central America the average weight per request is almost 10 ton (based on 19 cases). Of these 

5 requests (= 26%) were below 2 ton, and are therefore combined with other requests to exceed 

the 2 ton shipment limit. The average shipment weight was therefore 14.5 ton. From these 

shipments the transportation cost and customs cost are reported. See the table below for the costs 

per shipment in Central America in 2009: 

 

From To Weight [kg] Transport cost [€] Custom cost [€] 

El Salvador US 17 981 20 497,56 No data 

Honduras US 14 434 7 733,15 119,61 

Honduras US 14 253 1 617,87 0,00 

Panama US 7 580 3 064,27 1 112,37 

Panama US 12 852 8 429,64 2 787,91 

Jamaica US 3 167 4 067,49 1 018,28 
Table 5.2: Costs take-back shipments in Central America in 2009 
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5.2 External analysis 
A multi-criteria analysis has to be performed to analyze both the costs as the environmental 

impact on the same time. There are two approaches for a multi-criteria evaluation: 1) the 

environmental impact can be balanced against the traditional cost measurements (e.g. 

internalization of the environmental impact), or 2) a direct comparison of the different designed 

alternatives can be performed (Presley et al., 2007). See appendix F for an extensive discussion 

of both approaches.  

 

The advantage of balancing the environmental impact against the traditional cost measurements, 

is that the polluter, transporter or company take the effect on the environment into account by the 

decision making (Bickel et al., 2006). However to do so, the emissions and other impacts on the 

environment must be weighted into indicators, which is often based on subjective criteria 

(Lambert, 2008). The scientific knowledge for the weighting of the parameters into indicators is 

limited. CE Delft (2008) provides some data for the weighting for European countries. But 

because the marginal external environmental costs vary with the type of the vehicle, and the 

location of the pollution (Bickel et al., 2006), those data is not suitable to use outside the 

European countries for most of the indicators. Further not doing the weighting part makes the 

environmental analysis more practical to use (van Wee et al., 2005).  

  

The second approach is more practical, although the decision on what to include in the analysis 

still has to be made. Both the design of reverse logistic set-ups as green logistic set-up is not 

straightforward. Under some circumstance it may be beneficial to increase emissions from freight 

transport in order to achieve greater emission savings elsewhere (McKinnon, 2008). A holistic 

view is therefore needed to examine the total impact of the changes in the logistic set-up. Only 

focusing on the transport, warehousing or other specific functions will result in suboptimalization 

(Aronsson and Huge-Brodin, 2006). Additionally, the changes in the forward logistics must be 

taken into account, when designing reverse logistic set-ups (Presley et al., 2007). However, in 

case of scenario analysis, whereby a decision must be made between alternatives, cost and 

benefits that do not differ between the alternatives can be eliminated from the analysis (Garrison 

et al., 2003). This includes both sunk costs (costs that has already been incurred and cannot be 

avoided regardless of the decision) and future costs that do not differ between the alternatives.  

 

Besides the scope of the examination, adequate performance measurements must be chosen. 

Adequate environmental performance measurements for the reverse logistics are not well 

developed, and therefore relevant measurements out of the forward (green) logistics can be used 

(Presley et al., 2007).  

 

5.3 The model 
The initial assignment, as defined by Ericsson, was to “assess the possibility and suitability for 

Ecology Management to utilize the new logistic network and structure being implemented by 

EDL, in order to minimize cost and environmental impact from Ecology Managements logistics 

operations”. The goal of this part of the assignment is to evaluate the alternatives on the cost and 

environmental impact, in order to select the best solution for the implementation in the area of 

Central America and the Caribbean. The goal of this model is therefore to compare the above 

specified alternatives on costs and environmental impact.  
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The system boundaries should be carefully designed to limit the risk of suboptimalization. 

However costs that do not differ between the solutions can be excluded for the purpose of this 

evaluation (Garrison et al., 2003). Therefore excluded from the analysis: 

 Packaging activities and other preparation costs. In both scenarios the same amount of 

WEEE should be properly packed before transportation. Within the EDC no additional 

packaging is needed and therefore the packaging impacts will be the same in both 

scenarios.  

 All treatment activities. In both scenarios the same amount of WEEE will be treated by 

the same recycler. The recycled and deposited amounts are the same in both scenarios and 

therefore no differences in costs and environmental impact of the treatment will appear 

between the two scenarios. .  

 Transportation of the WEEE to the collection point. The number of the collection points 

and customers are the same in both scenarios and therefore the costs and environmental 

impact will be the same in both solutions.  

 The impact of the storage of the end-of-life equipment at the collection point and at the 

recycler‟s facility. In both scenarios the amounts and time of storage in the collection 

point will be the same. The minimum transport requirement of 2 ton will remain in the 

scenarios.   

 

Further excluded from the analysis are indirect effects which have an insignificant effect on the 

outcome of the evaluation (NTM; 2008): 

 The environmental impact and costs of the production and maintenance of the vehicles 

used. The transportation is outsourced and therefore the costs are indirectly included in 

the transportation price. The emissions connected to service and maintenance are 

considered as insignificant for rail, road and sea transport (NTM air, 2008). The same 

system boundaries are used for air transport, as proposed by NTM, although it has a 

significant effect in air transport.  

 The environmental impact and costs of the infrastructure and the cost and environmental 

impact of the building of the facilities. For example the environmental impact of the 

building of the hydro facility for electricity production is not taken into account.   

 The environmental impacts of the fuel production. Only the direct fuel impacts will be 

taken into account, as suggested by NTM (2008).  

 

Further excluded are: 

 Amber waste collection, storage, transportation, and treatment. In both scenarios the 

Local Companies will separate amber waste from green waste locally. If there is no Local 

Company in the country, in both scenarios the customer will be required to separate the 

waste. Amber waste will be treated locally when possible. The small amounts that are 

transported transboundary have to comply with the amber waste documentation 

requirements, which make the advantage of consolidation doubtful. Therefore, the 

analysis is focused on the mainstream of the end-of-life equipment (the green waste).  

 Variations in weight/ volume. Although variations in the amounts will have a significant 

impact on the outcome, it is impossible for Ericsson to gather the costs for several 

amounts on one transportation link by the different DSPs. Because the same system 

boundaries are used for the calculation of the environmental impact, also there variations 

in weight/volume are excluded.  
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 Other impacts, besides the direct financial and environmental impacts, due to changes in 

the logistic set-up. The main additional activities (as the administration around the 

additional inventory) in the new scenario are outsourced and taken into account. The 

internal coordination costs and additional internal administrative work are considered as 

irrelevant and therefore excluded.  

 The cost and environmental impact of the EDL flow. We assume that this flow will not 

change significant due to the changes in the return flow. Small changes could be expected 

in the warehouse (the EDC). However the extra cost and environmental impacts due to the 

extra handling and larger amounts in the EDC will be accounted to the new set-up. The 

EDL‟s transportation remains the same in both scenarios 

 

Included in the analysis are the cost and environmental impact that do differ between the 

scenarios. Therefore included is: 

 The direct cost and environmental impact of the transportation of WEEE from the 

collection point to the recycler‟s facility.  

 The direct cost and environmental impact of the storage of the end-of-life equipment in 

the EDC in Panama. This includes the emissions of the electricity consumption, as this 

can be considered as the direct emissions of the fuel/electricity consumption (NTM 2008).  

 

5.4 Input data 
The available data (discussed in paragraph 5.1) regarding the transportation costs shows only 6 

different transportation links from the area Central America and the Caribbean. Therefore a 

fictive case is made which make it possible to compare the different scenarios on basis of this 

fictive set of shipments. However, the amount of data will still be limited due to the required 

cooperation with external service providers.  

 

From Weight [ton] Base Case scenario 

destination 

Consolidation EDC 

scenario destination 

El Salvador 10 US, Chicago EDC Panama 

Guatemala 10 US, Chicago EDC Panama 

Honduras 10 US, Chicago EDC Panama 

Nicaragua 10 US, Chicago EDC Panama 

Panama 10 US, Chicago EDC Panama 

Dominican 

Republic 

10 US, Chicago EDC Panama 

Jamaica 2 US, Chicago EDC Panama 

Netherlands 

Antilles 

2 US, Chicago EDC Panama 

Puerto Rico 2 US, Chicago EDC Panama 

Panama 66  US, Chicago 
Table 5.3: overview transport links with amounts in both scenarios 

 

The fictive set is based on previous data and experience within Ecology Management. A 10 ton 

shipment weight is considered as the average weight and therefore chosen as shipment weight for 

the larger countries in Central America. For the smaller Caribbean islands 10 tons is considered 

as too large and therefore the minimum shipment amount as set by Ericsson (2 ton) is chosen here 
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for a more realistic case. Besides that, the difference in weight can shown the price difference in 

the shipment small and larger amounts. The total weight transported (66 ton) is considered as 

realistic, based on the previous data: The processed take-back in 2009 had an amount of 70 ton. 

The total estimated take-back requested to process was 132 ton. In 2010 (in the first 5 months) an 

amount of 56 ton is requested for pick up. The input (transportation links with weight and 

volume) per scenario, including a geographical representation of the two scenarios is presented in 

appendix K. 

 

In the base case (the current situation) the transportation is performed by the recycler. In the new 

situation the transportation between the Local Warehouses (e.g. collection point) and the EDC 

will be performed by a Delivery Service Provider (DSPs), contracted by Ericsson. To analyze the 

differences between the two alternatives, the base case will also be calculated with the DSPs 

(contracted by Ericsson) as forwarder 

 

Further the transportation can be carried out by road, air or sea transport which will have a 

significant impact on the outcome of the environmental aspects. Therefore different transport 

modes are considered in the cost and environmental impact calculations. The pre-transport (to the 

harbor, airport or truck terminal) and onward-transport (from the terminal to the end-location) is 

always by road-transport. Because air transport is minimized within Ericsson, the assumption is 

made that only air transport is used for the Caribbean islands. For the islands both the air as sea 

transport impacts are calculated. For the countries on the continent the impacts are calculated for 

road and sea transport as main-transportation mode.  
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6 Data and results 
In this chapter the data used in the calculations is discussed. After the discussion of the cost data, 

the result of the cost calculation is presented. In section 6.3 the environmental data is discussed, 

after which the outcome is presented in section 6.5. The chapter ends with a conclusion on which 

scenario is the best possible solution for Ecology Management.   

 

6.1 Data costs 
The costs of the recycler‟s transportation, cost of the transportation carried out by the DSPs and 

the cost of the storage of the end-of-life equipment at the EDC are discussed below. As discussed 

above many different performance measurements exists. However the transportation is 

outsourced to several Delivery Service Providers, which limits the availability of the data. In this 

analysis the total costs which differ between the scenarios are calculated, which consist out of: 

 Transportation costs: The total transportation costs per transportation link can directly be 

requested by the different DSPs and by the recycler. The transportation costs consist out 

of direct transportation costs including fuel surcharges, and additional administration 

costs belonging to the transportation.  

 Storage costs: As the amounts of the end-of-life equipments are small, no additional (or 

extensions of the existing) warehouses are directly needed, and therefore no sourcing 

costs will be calculated. The variable warehousing costs will be considered, and also the 

(already existing) fixed costs of the warehouse should be proportionally allocated to the 

floor space utilized for the end-of-life equipment.  

 

6.1.1 Recyclers transportation cost 
The estimated costs by the recycler can be validated against the historically transportation costs. 

No price differences exist between variations in weight (the same shipment with 10 and 66 ton of 

end-of-life equipment is estimated on the same transportation cost). Therefore the transportation 

costs can directly be compared with the historically shipments with the same origin and 

destination. The price differences are large, the estimated costs ranges from 17% till 265% of the 

historical costs. The total estimated transportation cost over these 6 transportation links is lower 

than the total historical costs (53%). When excluding the extremely high historical costs (El 

Salvador 17%) from the analysis, the difference is 83%. The estimated transportation costs are 

therefore slightly below the historically data.  

 

Origin  Historical costs [USD] Estimated costs [USD] % of historical cost  

El Salvador 28 697 4 900 17% 

Honduras 10 826 6 000 55% 

Honduras 2 265 6 000 265% 

Panama 4 289 5 600 131% 

Panama 11 801 5 600 47% 

Jamaica 5 694 5 500 97% 

Total 63 574 33 600 53% 
Table 6.1: Estimated and historical recycler’s transportation cost compared 
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6.1.2 Transportation costs by the DSP 
The direct transportation costs exist out of the transportation price which the DSPs calculate for 

the shipment of a container, from the origin to the destination, plus direct fuel surcharges and the 

„bunker adjustment factor‟ which is an extra payment for the fuel market price at the specified 

time. The extra administration costs can include (when applicable):  

 A handling bill for the preparation of the necessary documents or/and an 

administration fee. 

 A custom clearance fee.  

 A fee for port processing and „terminal handling charges‟ both for origin as for 

destination or a wharfage fee for the use of the wharf. 

 A „bill of lading‟ fee for both origin and destination. 

 Security surcharges. 

 An AMS fee per shipment for the use of the inventory control system. 

 A „currency adjustment factor‟ to compensate for exchange rate fluctuations.  

 

Unfortunately not all DSPs provide data regarding the administration costs. From the DSP which 

shows the administration costs and transportation costs, it can be concluded that on average the 

administration costs adds 12% to the transportation costs, ranging between 7% till 26%. 

Therefore two cost estimations are made. For the low costs estimations only the direct 

transportation costs (including fuel surcharges) are calculated. For the high cost estimations high 

administration costs (as reported or +26%) are added to the transportation costs.  

 

6.1.3 Warehouse costs 
The total fixed costs of the EDC in panama are 8275 USD per month. This is based on a total 

storage area of 950 squared meters, divided into normal indoor area, air-conditioned indoor area 

and outdoor area. Although the fixed costs will not directly change when the EDC will be used 

for the end-of-life equipment, the share of the fixed cost will be allocated to the end-of-life 

equipment based on the area used. The share of the total cost can vary between 426 and 685 USD 

per month, depending on the use of outdoor area or indoor area for the end-of-life equipment. 

The fixed inventory costs accounts only for 2% on the total costs.  

  

Obviously, the variable costs must be assigned to the end-of-life equipment. The calculation is 

based on the specified data above. The end-of-life equipment is, in this case, transported to the 

recycler when it has an amount of 66 ton. On average an amount of 33 ton can therefore be 

expected which will be equal to seven 20-feet containers, or when placed next to each other, 97 

m
2
. The assumption is made that the lead time of the specified amounts will be 6 months.  Other 

variable costs are cost for receiving and checking the products, costs for picking and loading 

products, and administration costs for custom clearance, both export and import. The variable 

costs will vary between 7021 and 9350 USD, depending on outdoor or indoor stocking.  

 

The total storage costs within the EDC are (in the high cost calculation) 13459 USD. When using 

only outdoor storage space for the end-of-life equipment, this can be reduced to 9579 USD.  
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The cost represented by the low value and high value can be found in the table below: 

 Low value High  value 

Base case (recycler) No data Total transportation cost 

including administration cost 

Base case (DSP) Only transportation cost Transportation cost +26% 

Consolidation EDC (DSP) Lowest transportation cost per 

transportation link + outdoor 

stacking storage cost (6 

months) 

Highest total transportation 

cost (including 

administration costs) + 

indoor stacking storage costs 
Table 6.2: overview costs  

 

6.2 Cost results 
The results of the cost calculation can be found below. The recyclers cost includes the total 

transportation costs, including the administration costs for the custom clearance and 

documentation needed. For the DSP both the costs including the administration costs as without 

the administration costs (only transportation costs) is reported: 
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Figure 6.1: Relevant cost estimations ecology management set-up in Central America.  

 

From the figure it can be seen that the “Base Case” with the transportation carried out by a DSP 

is (with these input volumes) the most cost-efficient alternative. The total cost (including 

administration costs) for the “Base Case” carried out by the DSP is 41308 USD. When carried 

out by the recycler, the total cost is estimated on 48700 USD. So even when the administration 

costs adds up 26% to the transportation costs, the transportation carried out by the recycler is still 

more expensive (+17%). The total high cost (including administration) of the scenario with 

consolidation in the EDC in panama is estimated on 46934 USD and therefore higher than the 

“Base Case” carried out by the DSP. However the cost savings for this scenario (“consolidation 

within EDC”) depends largely on the amounts. A new set of transportation links is made and 

calculated with the average transportation costs for both the “Base Case” (carried out by the DSP) 

and the “consolidation within EDC” case.  
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average transportation costs 

  low cost [USD high cost [USD] 

DSP average 10 ton to panama 2567 2925 

DSP average 2 ton to panama 2042 2357 

DSP average 10 ton to USA 3639 4585 

DSP average 2 ton to USA 3647 4596 
Table 6.3: average transportation costs (without and with administration costs) 

 

weight # 10 ton shipments # 2 ton shipments volume # 20-feet container 

34 3 2 224 4 

66 6 3 435 7 

100 9 5 659 10 

132 12 6 870 14 

166 15 8 1094 17 

198 18 9 1305 20 
Table 6.4: set of input data to calculate impact of volume changes 

 

The following graph shows a variation in amounts consolidated in the EDC. The consolidation 

time remains 6 months.  
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Figure 6.2: average relevant costs for different amounts.  

 

It can be concluded that the amount of WEEE has an influence on the best alternative decision. 

On the high costs estimation (which includes the administration costs) the point of intersection is 

between the consolidation of 33 and 66 ton. This point is low because the added administration 

costs to the base case are high and represent a worst case scenario. However the low cost 

estimations (only transportation costs) is based on actual data. This estimation, based on outdoor 

stacking, shows the point of intersection between 66 and 100 tons. It can be concluded that the 

scenario of “consolidation within the EDC” will become profitable when the amounts of WEEE 

are increasing.  

 

 Intersection low costs 
 

 Intersection low costs 
 

Intersection high costs 
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6.3 Data environmental aspects 
The environmental impact of the transportation and storage can be measured/estimated with 

different types of emissions and energy use. With the distance, and estimations on the type of 

vehicle used, load factors, fuel type, road types and on exhaust gas and abatement techniques, the 

following emissions can be estimated for the transportation: 

 CO2: Carbon Dioxide 

 NOx: Nitrogen Oxides 

 SOx: Sulphur Oxides 

 PM: Particular matters (no data for air transport) 

 CO: Carbon Monoxide (no data for sea transport)  

 HC: Hydrocarbon (no data for air transport) 

 CH4: Methane (no data for sea or air transport) 

 Energy used (MJ) 

The methodology of NTM (2008) is used. However NTM provide only data for European 

countries. To gather realistic data for the area Central America and the Caribbean, the data of 

NTM is supplemented with area specific data, for example on the sulphur content in Central 

American‟s fuel. For a description of the methodology and data used within the calculations, see 

appendix G (for sea transport), H (for road transport), and I (for air transport).  

 

The environmental aspect is measured with several types of emissions and the energy needed. 

The emissions of transport are, as discussed above dependent on the load-factor, road type, and 

distance (especially in case of air 

transport). To validate the calculated data, 

the CO2 emissions factors are calculated 

based on 1000 km distance and 1 ton of 

load, average load factors (as proposed by 

NTM). The emission factors used in this 

analysis are higher than the emission 

factors used by Ericsson. The lower load 

factors, smaller airplanes and boats, shorter 

flight distance, and the older trucks 

characteristics in Central America results 

in higher emission factors as the average 

emission factors of Ericsson, of which 

most data is coming from shipments out of 

Sweden.         Figure 6.3: CO2 emission factor used in calculations 

 

The road data in Central America is poor. The online distance calculations are not available for 

certain counties, and the roads are not in all countries visible in online maps. Further the exact 

locations of several local logistic warehouses are unknown. This makes the results, especially for 

pre transport, highly uncertain. It can be assumed that the warehouses are located in rural areas. 

To estimate the distance, the distance between the capital and the relevant terminal is 

gathered/estimated. Further it is assumed that the transportation between the local warehouse and 

the terminal does not contain urban area transport.  
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Also electricity specific data for Central America is gathered to provide the best estimation for 

the environmental impact of the storage of the end-of-life equipment of Ericsson. The 

calculations methodology is described in appendix J.  

 

6.4 Environmental impact results 
Because the transportation mode is unknown in many cases, two different options are calculated 

for each scenario: 1) the main transport is carried out by boat, or 2) the main transport of the 

transportation from the islands is carried out by airplane, transportation from the continent by 

truck. Transportation by airplane is minimized within Ericsson, and especially for the end-of-life 

equipment air transport will not be used.  

 

Several emissions are calculated. In this chapter the emissions CO2, NO2, SO2 are presented as 

these data is complete. The other emissions (CO, PM, HC and CH4) are presented in the 

appendix. Also the energy required by the different scenarios (based on the input data) is shown 

in figure below: 
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Figure 6.4: Energy use per scenario 

 

CO2 emissions are intrinsic to the combustion. Therefore the same relative results can be found 

for the CO2 emissions as for the energy required.  

 



 56 

CO2 emissions [kg] per scenario

0,000

20,000

40,000

60,000

80,000

100,000

120,000

T
h

o
u

s
a
n

d
s

Consolidation EDC (sea)

Base Case (sea)

Consolidation EDC (air/road)

Base Case (air/road)

 
Figure 6.5: CO2 emissions per scenario 

 

The most energy needed and therefore CO2 emissions can be found (as stated earlier) in air 

transport, followed by road transport. Sea transport requires (per tonkm) relatively less energy. 

Therefore the scenarios with air/road transport require significant amounts of energy, especially 

the long flights from the islands to Chicago (in the “Base Case” scenario). When the main 

transport is carried out by vessels, the consolidation within the EDC requires more energy due to 

the longer total distance sailed (32000 km for sea shipments in the “Base Case” and 15000 in the 

“consolidation within EDC” scenario) and due to the energy required by the EDC (62000 MJ).  

 

Sea transportation pollutes more NO2 and SO2 than CO2 when compared with the other 

transportation modes. Therefore the relative results between the scenarios look different for these 

emissions profiles: 
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Figure 6.6: NO2 emissions per scenario 
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Figure 6.7: SO2 emissions per scenario 

 

The results show lower NO2 emissions for the “Base Case”, regardless if boat or air/road 

transport is used for the main transport. The higher emissions in the consolidation case occur due 

to the longer sea shipments in tons per kilometer. Also the SO2 emissions are mainly in sea 

transportation. The road transportation, and mainly the transboundary road transportation (with a 

sulphur content of 15 ppm) results in almost no sulphur dioxide pollution. Therefore the scenarios 

with sea transport have the highest SO2 emission.  

 

6.5 Conclusion 
Changing the outsourced transportation from the recycler to the contracted DSPs set in place by 

Ericsson Distribution Logistics (EDL), results in a 15% cost savings. Or, when 66 ton will be 

transported as in the scenario above, a cost saving of 7392 USD will be reached per half year. 

The “consolidation within the EDC” is, with these volumes, not the most profitable solution. 

However when the amounts of WEEE in Central America and the Caribbean are rising, this 

solution will become the most profitable option. Besides the direct savings, the “consolidation 

within the EDC” provides also future opportunities for separation between reuse and waste.  

 

The environmental analysis shows the impact on the environmental due to transportation and 

storage. Transportation with boat shows a significant lower energy use, CO2, and NO2 emissions 

than transportation with air and truck. Further due to the additional storage of WEEE in the EDC 

in panama and the longer transportation distance, the results shows a higher energy use, CO2, and 

NO2 emissions for the “consolidation within EDC” scenario than in the “Base Case”. The result 

for SO2 shows high emissions for the boat transportation, and especially for the “consolidation 

within EDC”. Overall the “Base Case” with boat transportation shows therefore better 

environmental results as the “Consolidation within EDC” scenario.  
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7 Conclusion and recommendations 
First the limitations in this research are discussed. In section 7.2 the conclusion and discussion is 

presented on the overall report. Both the value for the company as the research from an academic 

point of view is discussed. In section 7.3 the recommendations are summarized.  

 

7.1  Limitations 
This research consists out of several parts. First the logistic flows of Ericsson are analyzed to 

seek for opportunities to combine the flows with the logistic flow of Ecology Management. 

Thereafter, possible new logistic set-ups are designed and checked on legality. At last a model is 

made to analyze the cost and environmental impact of the designed solutions. Each step is 

discussed below.  

 

7.1.1 Analysis of logistics flows 

All logistic flows of Ericsson are analyzed in order to not exclude a logistics flow too early. 

However the flows are only analyzed on high level. Only the transportation flows, the 

warehouses and the general/global coordination process is described. Based on this data, choices 

are made on which flows opportunities provide for a possible combination with the logistic set-up 

of Ecology Management. The financial set-up and organizational part are not further analyzed.  
 

7.1.2 Design of new set-ups 

The Ericsson Distribution Logistics (EDL) and buy back flow are selected for a possible 

combination with the Ecology Management flow. It is assumed that the locations of the different 

hubs of EDL will not change in the future. The new logistic set-ups are therefore designed based 

on the current locations of the hubs. However these locations are not yet fixed: EDL is changing 

his logistic set-up. Although it is not very likely that the EDC in panama will be closed, changes 

in the EDL set-up can change the best new design for Ecology Management.  

 

The best design is further based on the assumption that all end-of-life equipment within the area 

Central America and the Caribbean is treated in Chicago as it is nowadays. However it is possible 

that in the future more local recyclers will be used for the treatment of the end-of-life equipment 

of Ericsson. When the recycler‟s locations change, the best solution will change as well, 

especially the cost and environmental results are depending on the location of the recycler. In this 

research only one (the current) location is used for the design and calculation of the new solution.  

 

The designs are discussed with legal experts. Only the legal designs are selected for further 

analysis. However, this further analysis did not include the costs due to legislations, no VAT 

costs or custom duties are taken into account by the total relevant cost calculations. The VAT and 

custom duties costs depends on the value of the products transported, which is difficult to 

estimate. Therefore the impact of VAT and custom duties is only discussed (and taken into 

account) in chapter 4 and not calculated further.  

 

7.1.3 Model to evaluate cost and environmental impact 

The model is based on the most important cost and environmental indicators. To take into 

account all external costs occurred due to Ericsson, the total social costs should be included. The 

total social costs reflect all costs occurring due to the provision and the use of transport 
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infrastructure; not only the environmental costs but also the capital costs, congestion cost, and 

accident costs.  

 

Another limitation is that no variations in weight and volumes are taken into account. Also the 

transportation links are fixed in the calculations. The limited availability in data, both in historical 

data as in estimated data, reduces the possibility of cost calculations with different amounts. It is 

clear that the “consolidation within EDC” scenario will become profitable when amounts are 

increasing, but the data is too limited for an exact calculation. The available historical data is also 

too small to show the trend in the amount of WEEE in Central America. The average stocking 

time is determined with the data of 1½ year. Variations in the consolidation amount and stocking 

time can improve or reduce the cost results for the scenario “consolidation within EDC”. The 

fixed set of input data limits the quality of the conclusion.  

 

7.2 Conclusion and discussion 
This research provides insights in the costs, environmental impact and the possibilities Ecology 

Management has for their logistic set-up in the area Central America and the Caribbean. The 

possible utilization of other logistic flows is analyzed. Ericsson Distribution Logistics (EDL) and 

buy back provide opportunities. Based on this conclusion different ways to use the EDC are 

designed and analyzed. An alternative way, based on the Ericsson Distribution Center (EDC) in 

Panama set in place by EDL, is possible from a practical and legal point of view. Due to that the 

EDC is located within a free trade zone products can be stored for an unlimited time period 

without facing the risks of permanent establishment. Also financial legislations are reduced. 

However, each free trade zone has his own legislations and financial consequences which 

influence the suitability of using the EDCs in other free trade zones. 

 

The current situation, where the transportation is carried out by the recycler, is compared with the 

same situations when the transportation will be carried out by the contracted DSPs of Ericsson. It 

can be concluded that the contracted DSPs of Ericsson can transport the end-of-life equipment for 

less costs than the recycler.  

 

With the current volumes, the consolidation within the EDC in panama will not save money. 

However, a small increase in the amounts will results in cost savings when the EDC in panama 

will be used for consolidation. Also from the environmental perspective is the consolidation 

within the EDC not the best solution. However, the consolidation within the EDC provides 

interesting opportunities when the amounts are increasing, in special when reuse will be enabled 

by separating of reuse and waste within the EDC in panama.   

 

Centralization can provide environmental improvements due to consolidation, changes in 

transport mode, and reduced emergency deliveries (Kohn and Huge Brodin, 2008). The 

transportation of end-of-life equipment (in this case waste/scrap) has no time restrictions. 

Therefore no emergency deliveries occur. Also the benefits of consolidation and transport mode 

are not in place due to the outsourcing of the transportation. In both scenarios all the end-of-life 

equipment are transported to the closest main hub of the DSPs and are there consolidated with 

other products. Also the environmental friendly transport mode boat is widely used in the current 

situation. This makes that the benefits of the centralization can not offset the increased 
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environmental pressure due to the increasing transport work. Research with actual data on load 

factors is needed to conclude the impact of centralization in reverse logistics.   

 

7.3 Recommendations 
Based on the analysis and conclusions of this research, several recommendations can be given for 

the area Central America and the Caribbean: 

 Change the recycler‟s transportation to transportation carried out by the contracted DSPs.  

 Observe the amount of end-of-life equipment taken back. When amounts are increasing, 

consolidation of the end-of-life equipment within the EDC will reduce the costs.  

 When the amounts are even more increasing, consider the “separation within EDC” 

scenario. Enabling reuse outside the EU will improve the green image of Ericsson. Share 

the knowledge of activities within the EDC with buy back. Their future vision is to 

dissemble the products within the EDC and have a pilot running in Sweden. Sharing the 

knowledge and cooperation will result in lower coordination and set-up costs.  

 

When the consolidation within the EDC proves to be successful for the area Central America and 

the Caribbean, the following recommendations can be given: 

 Check the benefits of using the other EDCs for the consolidation of end-of-life 

equipment. The differences in geographical characteristics result in that consolidation will 

become preferable with smaller or larger amounts of end-of-life equipment. Therefore 

each EDC have to be analyzed to examine the opportunity of that EDC. Also the financial 

benefits and the activities allowed changes per free trade zone and should be examined 

per case.  

 

Other recommendations, which are across the several departments within Ericsson, are: 

 Combine the shipments of different flows. The outsourced transportation costs do not, or 

almost not, vary per amount transported. Therefore larger shipments are more cost-

efficient than small shipments. Shipments with the same origin and destination can be 

combined to reduce the costs, especially in case of end-of-life equipment were time is not 

important. Using one IT system across the company can help with combining shipments.  

 Ericsson will use, within the short future, the tool “Supply Chain Guru” to optimize the 

supply chain of EDL. The optimum location of the hubs of EDL and the optimal 

transportation links will be determined with this tool. When the EDL flow is utilized for 

Ecology Management, it is strongly recommended to include Ecology Management flow 

within the analysis of “Supply Chain Guru” to avoid sub-optimization.  
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Appendix A Definitions 
Administration costs Costs not directly related to the transportation of the products, but has to be 

paid to the DSPs (mostly per shipment).  

Amber waste Hazardous waste 

Dual use Items, including software and technology, which can be used for both civil 

and military purposes, and shall include all goods which can be used for 

both non-explosive uses and assisting in any way in the manufacture of 

nuclear weapons or other nuclear explosive devices (European Parliament 

and the council, 2009) 

Green waste  Non-Hazardous waste  

Waste  Any substance or object which the holder discards or intends or is required 

to discard, i.e. the definition is based of the intent of the holder. However 

the proposal on the WEEE directive (Annex 1) proposes that objects are 

only reuse when the holder of the object can prove that it is not waste. 

(European Parliament and the Council, 2008) 

Reuse Any operation by which WEEE or components thereof are used for the 

same purpose for which they were conceived, including the continued use 

of the equipment or components thereof which are returned to collection 

points, distributors, recyclers or manufacturers (European Parliament and 

the Council, 2003) 

Potential reuse Combination of waste with reuse. The decision, regarding what to reuse 

and what to scrap, is not yet taken.  
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Appendix B  Countries 
 

Basel Convention countries 

 
172 countries participate in the Basel Convention: 

Afghanistan, Albania, Algeria, Andorra, Antigua and Barbuda, Argentina, Armenia, Australia, 

Austria, Austria, Azerbaijan, Bahamas, Bahrain, Bangladesh, Barbados, Belarus, Belgium, 

Belize, Benin, Bhutan, Bolivia, Bosnia & Herzegovina, Botswana, Brazil, Brunei Darussalam, 

Bulgaria, Burkina Faso, Burundi, Cambodia, Cameroon, Canada, Cape Verde, Chad, Central 

African Republic, Chile, China, Colombia, Comoros, Congo, Cook islands, Costa Rica, Côte 

d‟Ivoire, Croatia, Cuba, Cyprus, Czech Republic,  Democratic Republic of Congo, Democratic 

People's Republic of Korea, Denmark, Djibouti, Dominica, Dominican Republic, Ecuador, 

Egypt, El Salvador, equatorial Guinea, Eritrea, Estonia, Ethiopia, European Union, Finland, 

France, Gabon, Gambia, Georgia, Germany, Ghana, Greece, Guatemala, Guinea, Guinea-Bissau, 

Guyana, Haiti, Honduras, Hungary, Iceland, India, Indonesia, Iran, Ireland, Israel, Italy, Jamaica, 

Japan, Jordan, Kazakhstan, Kenya, Kiribati, Kuwait, Kyrgyzstan, Latvia, Lebanon, Lesotho, 

Liberia, Libyan Arab Jamahiriya, Liechtenstein, Lithuania, Luxembourg, Madagascar, Malawi, 

Malaysia, Maldives, Mali, Malta, Marshall Islands, Mauritania, Mauritius, Mexico, Micronesia, 

Monaco, Mongolia, Montenegro, Morocco, Mozambique, Namibia, Nauru, Nepal, Netherlands, 

New Zealand, Nicaragua, Niger, Nigeria, Norway, Oman, Pakistan, Panama, Papua New Guinea, 

Paraguay, Peru, Philippines, Poland, Portugal, Qatar, Republic of Korea, Republic of Moldova, 

Romania, Russian Federation, Rwanda, Samoa, Saudi Arabia, Senegal, Serbia, Seychelles, 

Singapore, Slovakia, Slovenia, South Africa, Spain, Sri Lanka, St. Kitts and Nevis, St. Lucia, St. 

Vincent and the Grenadines, Sudan, Swaziland, Sweden, Switzerland, Syrian Arab Republic, 

Thailand, The former Yugoslav Republic of Macedonia, Togo, Trinidad and Tobago, Tunisia, 

Turkey, Turkmenistan, Uganda, Ukraine, United Arab Emirates, United Kingdom of great Britain 

and Northern Ireland, United Republic of Tanzania, United States of America, Uruguay, 

Uzbekistan, Venezuela, Viet Nam, Yemen, Zambia.  

Note: Afghanistan, Haiti and United States of America have not deposed instruments of 

ratification (colored in red). (Basel Convention, 2010) 
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EC regulation countries: 

 
 

27 member states of the EU 

Austria, Belgium Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, 

Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, 

Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United Kingdom. (Europa, 2010) 
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OECD countries 

 
30 member countries of the OECD (Organization for economic co-operation and development):  

Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, Germany, 

Greece Hungary, Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mexico, Netherlands, New 

Zealand, Norway, Poland, Portugal, Slovak Republic, Spain, Sweden. Switzerland, Turkey, 

United Kingdom, United States (OECD, 2010).  

Note: Dark blue indicate the founder States.  
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Appendix C Variants on Ecology Management processes 
Internal end-of-life equipment can be WEEE or batteries generated from everyday operations or 

obsolete/scrapped material from the warehouses inventory. The internal end-of-life equipment, 

sent to the recycler, contains no material for reuse. Therefore the process used is shorter, and 

described in the figure below:  

 
Figure C.1: Internal WEEE and batteries process 

 

The WEEE and batteries process starts with preparation of the material to be picked up (1). As 

the material is ready for pick up at the collection point (mostly within the internal unit), the 

internal unit sends a request for pick up to the control tower (2). The control tower classifies the 

material as internal, which means that it is not subject to be reused (3), and creates a service order 

(4). Based on the cost, a Delivery Service Provider or the recycler receives a transport order (5). 

The recycler receives the service order (6) and the estimated date for transportation is sent to the 

internal unit (7). The recycler sends an inventory report to the control tower (8), processes the 

material (9), and reports the destruction, costs and revenues to the control tower (10). The 

business warehouse uploads the take-back data (11), such that the internal unit can collect the 

take-back data from the business warehouse (12).  

 

The packaging material is collected, treated and recycled locally, due to the different legislation 

in every country. It is the responsibility of the Market Unit to fulfill the requirements of the 

particular country and to ensure the best available treatment.  
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Appendix D Flows and geographical presentation 
An overview of the outbound (EDL) flow for both the Local Company contract and the EAB 

contract is presented in the figure below. Each link should be seen as a possible way the finished 

goods can follow to reach the customer. 

 

 
Figure D.1: overview finished goods flow  

 

The proposed future flow of the buy back is presented in the figure below: 

 

 
Figure D.2: overview future buy back set-up  

 

Of the above hubs, several hubs are located in the area Central America (plus Mexico). Local 

warehouses exist in Barbados, Costa Rica, Cuba, Dominican Republic, El Salvador, Honduras, 

Jamaica, Netherlands Antilles, Nicaragua, Panama, Puerto Rico, and Trinidan & Tobago. The 

EDC is located in Panama and the ESD in Mexico. In the Figure below the different hubs are 

presented on a map of Central America: 

 

Sweden             Country B     Country C 

Country A            Country B  Country C          Country D 



 74 

 
Figure D.3: overview of Ericsson’s hubs in Central America. The yellow houses are Local Warehouses, 
the Green house is the EDC in Panama and the Blue house is the ESD in Mexico.  
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Appendix E  CO2 measurement within Ericsson 
To report the environmental footprint of Ericsson products and activities, Ericsson is performing 

life-cycle assessments (LCA). Ericsson calculates the direct and indirect emissions which include 

for example: the emissions from raw material extraction, product usage, and end-of-life 

treatment. An overview of the total CO2 of the products of Ericsson in 2009 can be found in the 

figure below: 

 
Figure E.1: Ericsson Life-Cycle assessment carbon footprint 2009 

 

The Ericsson activities account for 0.6 million ton CO2. In 2008 the Ericsson activities accounted 

for a total of 0.8 million ton of CO2 and in 2007 for 0.9 million ton. The negative bar for end of 

life treatment shows the emissions avoided as recycled material replaces virgin metal production.  

 

The total CO2 can be further divided in the different activities performed by Ericsson. For the 

year 2007 this results in the following amounts: 

 

 
Figure E.2: showing the recalculated CO2 data of 2007.  

 

 

 

Transports  Sites             Travel           Commuting 

   (in/out)                       

554 kton 

177 kton 125 kton 48 kton 
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 2007  

CO2 [kton]  

2008  

CO2 [kton] 

Transports   420 (554) 
A
 370 

Energy consumption at sites ~200 (177)
 A

 223 

Travel (air and car)   136 (125)
 A

 145 

Commuting   ~48 ~45 

Total ~800 (~900)
 A

 ~780 
Table E.1: CO2 emissions from energy consumption at sites, transports, travel and commuting in 2007 
and 2008, 

A 
Within parenthesis are recalculated values, based on better data.  

 

The energy consumption at the sites includes electricity consumption, district heating and other 

energy consumption from offices, warehouses, repair centers and factories. The total CO2 

emission from Ericsson sites was 223 kton in 2008. The business travel is responsible for 145 

kton of CO2 in 2008, and commuting is estimated on 45 kton CO2. The transport of freight 

accounts for the largest part of the CO2 emissions. Many improvements are made since then to 

reduce the impact on the environment by freight transport. Improvements in the weight of the 

products, more consolidation, a shift to more environmental friendly transport modes, 

collaboration and better packaging resulted in a decrease of the CO2 emissions from 554 kton 

CO2 in 2007 to 370 kton in 2008. The share of surface mode (rail, road and sea) is increased from 

39% in 2007 to 60% in 2009.   

 

E.1 CO2 data 
Ericsson reports the CO2 of the total transport. The CO2 of the international transport has to be 

measured (or calculated) by the relevant delivery service provider. The local transport is not 

directly measured. Ericsson determined that the local transport is mainly road transport, and the 

CO2 is calculated based on the costs. For an overview of transport work and the amount of CO2 

per transport mode in 2007 and 2008, see the table below: 

 

 2007 2008 

 Mtonkm kton CO2 Mtonkm kton CO2 

Air 560 *0.7 = 392 525 *0.65 = 341 

Road ~300 *0.08 = 25 ~300 *0.08 = 25 

Ship 160 *0.017 = 2.7 240 *0.017 = 4.1 

Train 10 *0.03 = 0.3 5 *0.03 = 0.15 

TOTAL: 1 030 420 1 070 370 
Table E.2: Total transport (actual weight * actual distance), average emission factors used and 
corresponding CO2 emissions for transports. 

 

E.2 Other environmental data 
Based on the CO2 data, other emissions can be calculated. This means that the data reported are 

linked to fuel and electricity usage, which makes the date more unreliable. 
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 Air Truck Ship Car Electricity Emissions 
2008 [ton] 

Source:       

NOX 3.5 1.2 19 1 2 2 500 

SOX 1 6.2 25 0.04 5.6 2 300 

PM 0.06 0.1 1.1 0.125 0.8 260 
Table E.3: Emission factors in 2008 for NOX, SOX and PM emissions for transports, travel and world 
average electricity production related to CO2 emissions [g NOX, SOX and PM emissions / kg CO2 
emissions].  

 

Further the amount of products taken back is measured. Of the material collected 95% is 

recovered and 5% is landfill. The majority of the material is ferrous metals, precious metals and 

plastics. The metals can re-enter the industry as raw materials. In 2009 267 customer take-back 

orders and about the same number from internal sources accumulated an amount of 7045 tonnes. 

In 2008 this was 12,357 tons.  
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Appendix F External analysis 
Several methodologies exist to balance the environmental impact against the traditional cost 

measurements. One environmental assessment tool is, for example, the Cost-Benefit Analysis 

(Baumann and Tillman, 2004). Much research which includes cost and the environmental impact 

in their analysis makes use of the Cost-Benefit analysis (for example Willes et al., 2002 or 

Francesco, 2006). The total expected cost and expected benefits are calculated to choose the most 

profitable option, which means that a price must be put on the environmental impact.  

 

Another multi-criteria approach is the Life Cycle Assessment (LCA). LCA sorts and weights the 

emissions and resource consumptions into different indicators. (Baumann and Tillman, 2004). An 

indicator is defined as “a parameter, or a value derived from parameters, which point to, 

provides information about, describe the state of a phenomenon/ environment/ area, with a 

significance extending beyond that directly associated with a parameter value” (OECD, 2003). 

The choice of indicators/categories should result in a useful and practical set. Therefore the 

categories should together enable an encompassing assessment of relevant impacts, which are 

known today (completeness). Further the categories should at least overlap as possible 

(independence) and the total of impact categories should amount to a not too high number 

(practicality) (SETAC, 1999). Several indicators are developed by different organizations, and 

are discussed below: 

 

Indicators of OECD 

OECD (2003) recognized a lack of universal set of indicators. Several sets of indicators exists 

which serves different audiences and purposes. OECD‟s goal is to provide a framework which 

provides countries criteria for selecting the right indicators for the evaluation of environmental 

performance. They developed a minimum set of indicators, agreed upon by the OECD countries. 

The major issues are divided in environmental quality (sink capacity) and natural resource use 

(resource function).  

 

Sink capacity Resource function 

1. climate change 

2. Ozone layer depletion 

3. Eutrophication 

4. acidification 

5. toxic contamination 

6. urban environment quality 

7. biodiversity 

8. cultural landscape 

9. waste  

1. water resources 

2. forest resources 

3. fish resources 

4. soil degradation 

5. material resources 

6. socio-economic, sectoral, 

and general indicators.  

Table F.1: OECD core set of environmental indicators (from OECD, 2003).  
 

The core indicators can be further disaggregated at sectoral levels which are useful in reviewing 

the integration of environmental and sectoral policies, in monitoring resource use and emission 

intensities in various economic sectors, as well as in measuring decoupling of environmental 

pressures from economic growth. Further OECD has selected key environmental indicators. 

Those key indicators should capture the most important environmental concerns, although they 

argue that this is not a final or exhaustive list and should be reexamined when more knowledge is 

available. The key indicators can be found in the figure on the next page. 



 

 
 
Figure F.1: OECD’s Key indicators (from OECD, 2003). 



Indicators of US environmental protection agency 

The environmental indicators developed by US environmental protection agency should provide 

insights into the state of the environment or human health. Their goal is to map the environmental 

status in the US and to communicate this with the public. The most of their indicators are on 

national level and all indicators are meant for the use by countries (EPA, 2009).  

 

Indicators of European Environmental Agency 

Those indicators should help the EU countries by making decisions about improving the 

environment, integrating environmental considerations into economic policies and moving 

towards sustainability (EEA, 2010). They develop indicators with the purpose to provide relevant 

data about the state of the environment within the EU.  

 

Indicators of CE Delft 

CE Delft (2008) focuses on the marginal external costs of the use of the infrastructure. Important 

environmental cost categories are air pollution, climate change, and noise costs.  

 Air pollution can be determined with the amount of emissions. The emissions are 

dependent on the type and condition of the vehicle, the trip length (cold start emissions), 

type of infrastructure, and speed characterizations. Further the impact on the air is 

dependent on the pollution location.  

 Climate change is also depending on emissions. These emissions are dependent on type of 

vehicle and additional equipment (air conditioning), speed characteristics, driving style, 

and fuel use and fuel type.  

 Noise emissions levels are dependent on the type of infrastructure and the type and 

condition of the vehicle. Further the population and settlement density and day/night time 

influences the noise costs.  

For each cost category relevant scientific and practitioner‟s data is collected for countries within 

Europe as basis for the implementation of transport pricing policies.  

 

Direct comparison alternatives 

Alternatively to the internalizing of the environmental impact, the different designed alternatives 

can also be directly compared. This means that the environmental impact and costs are analyzed 

for each alternative and compared with each other to select the best alternative. However, care 

must be taken in what to include in the analysis. For example, shipment costs are obviously 

important in analyzing a new logistic set-up, but also export regulation, duty rates, and exchange 

rates are important in analyzing global logistic designs (Beamon, 1998).  

 

Similarly, only including CO2 might lead to an underestimation of the emissions impact (van 

Wee et al., 2004). But emissions are not the only impact on the environment in logistic set-ups. 

Transportation also impact the environment via anti-skid treatment, ballast water, chemicals (in 

paints), cooling agents, oil discharges etc. (TFK, 1998). Besides the transportation itself, the 

equipment maintenance, facilities operations, and infrastructure have also an impact on the 

environment (Rondinelli and Berry, 2000). Other environmental aspects in the supply chain can 

be found in electricity, fuel and/or water usage in the hubs. Further the hubs are responsible for 

discharges to water and land, number of spills, and the creation of waste (Hervani et al., 2005). 

Besides the hubs, the amount of reuse and recycling, source reduction activities, proportion of 

renewable resources used, energy recovery, percentage of green products and hazardous material 
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output can indicate environmental performance (Presley et al., 2007). A list of possible 

environmental and cost measurements mentioned in the literature, can be found below: 

  
Type Measurement Specifically 

mentioned as 
useful for 
reverse logistics 

Mentioned by (for 
example):  

Environment Waste/waste reduction Yes Presley et al., 2007 

Energy use/ electricity /fuel use Yes Hervani et al., 2005 

Resource use /material consumption Yes Beamon, 1999 

Improved compliance Yes Presley et al., 2007 

Percentage of reuse / Percentage 
recycled 

Yes Presley et al., 2007 

Percentage of renewable resources 
used 

Yes Marsillac, 2008 

Emissions / air emissions Yes TFK, 1998 

Regional environmental impact (NOx 
+ Sox per ton-km) 

Yes Rondinelli and Berry, 2000 

discharge to water and land No Hervani et al., 2005 

water use No Hervani et al., 2005 

energy recovery No Hervani et al., 2005 

recycling and treatment activities No Hervani et al., 2005 

source reduction activities / waste 
reduction 

No Hervani et al., 2005 

inventory control No Hervani et al., 2005 

percentage hazardous and green 
material output 

No Presley et al., 2007 

Numbers of spills No Presley et al., 2007 

Anti skid treatment, ballast water, 
chemicals, cooling agents, oil 
discharges etc. 

No TFK, 1998 

Equipment maintenance No Rondinelli and Berry, 2000 

Impacts due to facility operations No Rondinelli and Berry, 2000 

Infrastructure influences No Rondinelli and Berry, 2000 

Costs Cost reduction on forward flow due to 
implementing/ changing reversed flow 

Yes Presley et al., 2007 

Cost reduction due to reduction in raw 
material 

Yes Presley et al., 2007 

Disposal costs Yes Marsillac, 2008 

Recycling revenues / recycling profit Yes Marsillac, 2008 

Total costs No Beamon, 1998 

Return on investment No Beamon, 1998 

Profitability No Beamon, 1998 

Market share No Beamon, 1998 

Revenue growth No Beamon, 1998 

Cost/benefit analysis No Presley et al., 2007 

Analysis of payback No Presley et al., 2007 

Net present value calculations No Presley et al., 2007 

other Amount of recalls and customer 
returns 

Yes Marsillac, 2008 

product lateness or lead time No Li and Olorunniwo, 2008 

On time shipment No Li and Olorunniwo, 2008 

Dock to dock speed No Li and Olorunniwo, 2008 

Inventory accuracy No Li and Olorunniwo, 2008 
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Outbound shipping quality No Li and Olorunniwo, 2008 

Customer satisfaction No Jahre, 1995 

Flexibility No Beamon, 1998 

Supplier performance No Beamon, 1998 

Company image/ competitive 
advantage (influence on sales) 

No Presley et al., 2007 

Combinations Economic efficiency (net turnover per 
ton of CO2) 

Yes Rondinelli and Berry, 2000 

Number of incoming environmental 
complaints 

Yes Rondinelli and Berry, 2000 

Customer satisfaction with 
environmental issues 

Yes  Rondinelli and Berry, 2000 

 

However adequate environmental performance measurements for reversed logistics are not yet 

well developed (Presley et al., 2007). The measurements have implications on different levels of 

the organization and have tangible and intangible characteristics, which makes it difficult to 

decide on which measurement to use (Hervani et al, 2005). Beamon (1999) suggests to use at 

least the performance measurements water, energy use and resource use for measuring the impact 

of supply chains of manufacturing companies.  
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Appendix G  Environmental calculation sea transport 
No specific data regarding the ship type used for Ericsson 

products can be found. The different DSPs provide no 

data for what kind of vessel they use, or the reached 

utilization level. Assumptions have to be made. Maersk 

shows an overview of the vessels they own (Maerskline, 

2010). In America, most of their vessels have a capacity 

between 4000 and 5000 TEU (Twenty-foot equivalent 

unit). This is comparable to the Panamax container vessel 

in the NTM database (4300 TEU).    
Fig G.1: Panamax container vessel 

 

Data of a common Panamax container vessel will be used in the calculations. This data can be 

found in the NTM database and is presented below. Using this data will increase the uncertainty 

in the results, but because no specific data is available using the NTM data is the best option.  

 

Panamax container vessel 

Capacity utilization 80% 

Fuel type RO (Residual Oil) 

Fuel heat value 41               [MJ/tonne] 

Fuel sulphur content 0.025          [%-weight] 

Fuel consumption at average speed 0.109          [tonne/km] 

CO2 fossil/total 3179.487    [kg/tonne fuel] 

NOx as NO2 82.6            [kg/tonne fuel] 

HC/VOC (total) 3.076923    [kg/tonne fuel] 

CH4 No data 

PM 4.04            [kg/tonne fuel] 

CO No data 

Sox as SO2 46.9            [kg/tonne fuel] 

Suggested method and span for high – 

medium – low values (high +%, low -%) 

0.05 

Table G.1: overview common data for a panamax container vessel 

 

Step 1: calculation of ships’ emission- and energy profile 

With the use of the following formula and the data above, the emissions NOX, CO, PM and HC 

can be estimated; 

 

 (1) Emissions [kg/km] = fuel consumption [tonne/km] x emission profile [kg/tonne] 

 

This results in the following amounts: 

9.0034 kg NO2 per km 

0.44036 kg PM per km 

0.335385 kg HC per km 
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The emissions CO2 and SOx are directly related to the carbon and sulphur content of the fuel; but 

no specific fuel data is available in this case. Therefore these emissions will also be calculated 

with the emission profile and formula above (formula 1).   

 

This results in the amounts: 

346.5641 kg CO2 per km 

5.1121 kg SO2 per km 

 

The energy utilization can be calculated by the following formula: 

 

 (2) Energy utilization [MJ/km] = fuel consumption [tonne/km] x energy content of  

fuel [MJ/tonne] 

 

This results in an energy utilization of 4.469 MJ per km for a standard panamax container vessel.   

 

Step 2: calculation of allocation to carried cargo 

The positioning of containers should be taken into account. NTM suggest to assume that on 

average 75% of the containers in transit are loaded, and 25% is empty. Therefore the positioning 

emissions could be added by multiplying the results by a factor of 1.25. Further the capacity 

utilization of 80% should be taken into account (assumed utilization rate based on NTM 

guidelines) and the emissions should be allocated by container (e.g. volume). The following 

formula is used: 

 

 (3) Emissions per cargo [kg/km] = emissions [kg/km] x 1.25 x volume shipment  

[TEU] / cargo capacity [TEU] / 80% 

 

Ericsson uses a 40-foot container for the shipment of end-of-life equipment. This container is 1 

FEU (forty-foot equivalent unit), which is equal to 2 TEU (Twenty-foot equivalent unit). For the 

smaller shipments only a part of the container is needed. In this case the volume shipment is 

calculated in m
3
 and the cargo capacity of 4300 TEU is multiplied with 33 m

3
 (1 TEU = 33 m

3
) to 

get the cargo capacity in m
3
 (Belsped, 2010).   

 

Step 3: calculation of emissions of specific transport route 

Weather and navigation result in route deviations. On sea this result in a detour factor of 2% on 

top of the distance traveled over ground (which can be found in distance tables as searates.com). 

The distance (+2%) should be multiplied with the emissions per cargo (in kg/km).  
 

Uncertainties 

Due to changes and uncertainties in weather, currents, water depths, ship designs, navigation 

procedures etc., the ocean shipment results have an -20% up to +40% span in the final results. 

Further the lack of specific data increases the uncertainty in the results even further, however this 

uncertainty is not directly included in the span of the final results.  

  

http://www.searates.com/reference/portdistance
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Appendix H  Environmental calculation road transport 
The road transport considered in the case consists out of two types. The first type includes the 

pre- and onward transport to (or from) the relevant airport, seaport or terminals, which is relevant 

in all cases. In each scenario (and each transportation link) road transport is needed to transport 

the products out of the Local Warehouse to a main terminal, and to get it from the main terminal 

to the recycler‟s facility. If for the main transport road transport is chosen, the second type of 

road transport occurs, e.g. long transboundary road transport.  

 

 
Figure H.1: Overview pre-, main-, onward-transport 

 

H.1  Pre- and onward- transportation 
This part of the transport is carried out within the borders of a country. Not much is known 

regarding the road transportation in countries in Central America and the Caribbean. What is 

known is that Costa Rica has currently an Euro class 3 emissions regulation (Internal research). 

No plans are known to reduce the allowed emissions in Costa Rica further. In Guatemala the 

following gasoline vehicles have an emission limit on Hydrocarbons (HC), Carbon Monoxide 

(CO) and on Carbon Dioxide (CO2). For the diesel vehicles the emission limit is set on 70 or 

80% opacity, depending on the vehicle weight (Internal research). Opacity gives an indication of 

the concentration of pollutants that leaves a smokestack (EPA, 2010). Panama has set emission 

limits for vehicles that use gasoline or alternative fuels. For the other countries in Central 

America no emission regulations are known (Internal research).  

 

Also the age and maintenance condition in these countries increases the emissions. Most vehicles 

in Central America are old. In some countries more than 80% of the vehicles are 10 years or 

older. Diesel vehicles are only a small part of the total vehicles, less than 15%. Gasoline vehicles 

are the dominant vehicles. In Costa Rica the average vehicle on the road was produced between 

1992 and 1995 (data from 2007). In Guatemala 60% of the vehicles are produced before 1991. 

Honduras and the Dominican Republic have limits on the age of the imported vehicles. Buses and 

public transport may not be older as 10 years, and all other vehicles not older as 7 years. In the 

Dominican Republic the imported cars may not be older as 5 years. In the countries Costa Rica, 

El Salvador, Guatamala, Nicaragua and Panama no import age limits exist (UNEP, 2009). With 

these data, and visual observations within Ericsson, we can assume that the emissions within 

Central America are best comparable to the Euro class 0 (except for Costa Rica which has an 

Euro Class 3 regulation).  

 

In the United States different emissions regulations exists. For medium and heavy trucks (above 

8500 lbs ≈ 2855 kg gross weight)  the emission regulations which apply since 1998 can be found 

below (DieselNet, 2010): 

DSP terminal DSP terminal Main  

transport 

Collection point 
Recycler / EDC 

Pre-    transport Onward-    transport 
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HC CO NOx PM 

1.3 [g/bhp x hr] 15.5 [g/bhp x hr] 4.0 [g/bhp x hr] 0.1 [g/bhp x hr] 

≈ 1.74 [g/kWh] ≈ 20.8 [g/kWh] ≈ 5.36 [g/kWh] ≈ 0.13 [g/kWh] 
Table H.1: EPA emission standards for Heavy-duty Diesel engines between 1998 and 2007 (DieselNet, 
2010).   

 

New emissions standards exist. However, very few of the new vehicles will meet the standards 

before 2010. Therefore it is unlikely that the vehicles used for the transportation of the end-of-life 

equipment will meet this new requirement already. The maximum allowed NOx and PM level is 

similar to the Euro class 3 limits. For HC and CO the allowed level is higher than the Euro class 

1 emissions. Because the emissions per liter fuel are not known for the American trucks, we 

assume here that the trucks within the United States reach the Euro class 3 requirements.  

 

In 2009 the diesel fuel sulphur levels were in the countries Panama, Nicaragua, Honduras, El 

Salvador, Guatemala, and Jamaica estimated between 2000 and 5000 ppm. For Costa Rica the 

sulphur level is estimated between 500 and 2000 ppm. And Dominican Republic has a sulphur 

level of 7500 ppm. Data of other countries in Central America and the Caribbean are missing. 

UNEP (United Nations Environment Programme) is working on reducing the sulphur levels in 

Central America. They estimate that El Salvador, Guatemala, Honduras, Nicaragua, and Panama 

all have a fuel standard of 500 ppm sulphur in 2010 (Lopez, 2009).  

 
Country Currently Allowed 

Maximum Sulphur Level 

(ppm) 

Plans for Future Standards 

Diesel Gasoline 

Belize Unknown Unknown Unknown 

Costa Rica 500 1000 for Super; 

1500 for Regular 

Required gradual reduction of diesel sulphur content from 2003- 

2008 (from 4500 ppm to 500 ppm); diesel is now 500 ppm 

countrywide.  

Dominican 

Republic 

7500 1500 Preliminary work has been done on a proposal for 50 ppm limit 

in diesel and gasoline 

El Salvador 5000 1500 Unknown 

Guatemala 5000 1000 None 

Honduras 5000 1000 Defers to Central America Technical Regulations 

Nicaragua 5000 1000 None 

Panama 5000* 1000 Diesel: required 3000 ppm by June 2009, and 1000 ppm by June 

2010. Gasoline: required 800 ppm by October 2008, and 500 

ppm by October 2009. Implementation status uncertain. 

* Also Diesel Liviano Grado 2D with a maximum sulphur 

content of 500 ppm 

Table H.2: Sulphur Levels in Central America (UNEP, 2009). 

 

In the United States the on-highway diesel must have sulphur content below 15 ppm since 2006 

(Dieselnet, 2010). For the calculations we use a sulphur level of 500 ppm for the countries within 

Central America and the Caribbean, and 15 ppm for the United States.  

 

Emission calculations 

A medium lorry/truck is assumed to be used for pre and onward transportation (No 4). This truck 

can transport 7 tonne of goods with a volume of 44 m
3
. When the transported volume is larger 
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than the voluminous cargo capacity, a larger vehicle is assumed e.g. the truck + trailer (No 7 in 

NTM database) which can transport 22 tonne, or 104 m
3
.  

 

Step 1: Fuel consumption calculations 

For normal European traffic the fuel consumption is estimated. Because only data for diesel is 

available, we assume diesel. Due to the road condition, the hilly/alpine areas, the crowded 

situation in Central America, and less energy efficient trucks, these European numbers will 

underestimate the emissions in Central America. The European data for fuel consumption of a 

medium and heavy lorry can be found below: 

 

 Medium lorry/truck Heavy Lorry/truck + trailer 

Road 

type 

0% CCU 100% CCU 0% CCU 100% CCU 

Motorway 0.165 0.201 0.266 0.36 

Rural 0.152 0.197 0.23 0.396 

Urban 0.171 0.228 0.288 0.504 
Table H.3: fuel (diesel) consumption per CCU (= Cargo capacity utilization) for a medium and heavy lorry.  

 

As heavier load increases the fuel consumption, the next formula should be applied: 

 

 (4) FCccu = FCempty + (FCfull – FCempty) * CCU weight(phys).  

  With  FCccu = Fuel consumption at capacity utilization CCU 

CCU = cargo capacity utilization, defined as cargo physical weight 

/ max weight capacity.  

 

With the volume/weight ratio of the end-of-life equipment of Ericsson, a 100% weight utilization 

will not be reached. Because the specified freight is voluminous, NTM suggests to calculate with 

an 50% physical cargo capacity for fuel consumption, combined with the dimensional weight for 

emissions allocation to the investigated shipment. However, if no specific data is known 

regarding the utilization, as in this case, the vehicle fuel consumption should be based on the 

dimensional weight. This will lead to a slight overestimation of the fuel consumption, which 

contributes to the suggested low and high uncertainty limits.  

 

 Fuel calculation on  Allocation on 

Low estimation 50% physical weight utilization Physical weight 

Average estimation 50% physical weight utilization Dimensional weight 

High estimation 50% dimensional weight utilization Dimensional weight 
Table H.4: overview physical vs. dimensional weight utilization used in the calculations.  

 

The dimensional weight is calculated by multiplying the volume with the commercial calculation 

factor (= 250 kg/m
3
). The maximum cargo capacity is 44 m

3
 for the medium lorry and 104 m

3
 for 

the heavy lorry with trailer (NTM). 50% of the dimensional weight utilization results in a 79% 

physical weight utilization for the medium truck, and 59% for the heavy truck.  

 

Further the fuel consumption is increased by 5% in the average and high estimation to 

compensate for the not flat countries.  
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Step 2: Emissions calculations 

For the specified lorry the average emissions per Euro class are given. The Euro class defines the 

maximum emissions values of CO, HC, NOx and PM. The emissions types CO2 and SO2 are 

directly proportional to the fuel consumption. With the fuel sulphur content and the fuel density, 

the SO2 emissions can be determined. If we assume the same fuel density (0.82 kg/l) as in the 

average European diesel, the SO2 emissions for Central America is as follows 

 

 (5) SO2 = Fuel sulphur content [ppm-weight] x Fuel density [kg/l] x (32+16+16)/32 

 

With a 500 ppm sulphur content in 2010, this result in (0.82 x 500/1000000 x 2 =) 0.82 g/l for 

Central America. The 15 ppm sulphur content in the US results in 0.0000246 g/l.  

 

As there is a lack on emissions control systems and maximum vehicle emission limits, and the 

high age of the vehicles (UNEP, 2009), we assume high emissions factors. Therefore the Euro 

class 0 is used to calculate the emissions per for the truck transport in Central America. For the 

United States Euro class 3 is used. The SO2 emission is based on the sulphur content in the diesel. 

This result in the following amounts: 

 

[g/l] Central America United States 

Road type Motorway Rural Urban Motorway Rural Urban 

HC 1.99 1,79 2.98 1.181 0.88 1.41 

CO 6.92 5.95 7.8 6.36 4.34 6.15 

Nox 34.1 38.1 35.2 21.74 22.3 23.5 

PM 1.42 1.29 1.56 0.522 0.418 0.585 

CO2 2621 2620.8 2620.8 2620.8 2620.8 2620.8 

Ch4 0.0398 0.0357 0.0495 0.0236 0.0175 0.0281 

Sox 0.82 0.82 0.82 0.0000246 0.0000246 0.0000246 

Table H.6: emission per road type in Central America.  

 

Due to the lack on country specific data, we assume an energy content of 35.3 MJ/l, which is the 

energy content of diesel (MK1) in Sweden (NTM).  

 

Step 3: compensate for any abatement equipment 

Ultra low level of sulphur is required for the implementation of diesel retrofit programs (UNEP, 

2009). Therefore the vehicles in Central America have no diesel oxidation catalyst. In the United 

States the ultra low level of sulphur is introduced in 2006. Therefore only the new vehicles (2007 

or later) will have abatement equipment (DieselNet, 2010). We assume that the vehicles used for 

the end-of-life equipment transportation are older as 2007 and has therefore no abatement 

equipment.  

 

Step 4: multiply with distance 

As the actual distance is not known by Ericsson, we follow the suggested distance calculation of 

NTM. The transportation goes via integrating terminals, which are assumed to be located in large 

city centers nearby the start and end point of the transportation, or are assumed to be the larger 

harbor or airports. The distance (including the road type) can be found with internet tools as 

www.map24.com.  

 

http://www.map24.com/
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Step 5: allocate all emissions to the transported cargo 

As the products of Ericsson are voluminous, the volumetric weight should be used for the 

allocation of the emissions for the average and high estimation. The following formula is used.   

 

 (6) EFshipment = EFtot * (Wdim / (CCdimweight * CCU dimweight)) 

  With:  EFshipment = emissions of the shipment 

    EFtot = total emissions of the transportation 

    Wdim = dimensional of volumetric weight 

    CCdimweight = maximum cargo capacity.  

    CCUdimweight = volumetric based cargo capacity utilization 

 

The maximum cargo capacity is 44 m3 for the medium lorry and 104 m3 for the heavy lorry with 

trailer (NTM). The cargo capacity utilization is assumed to be 50%, based on the guidelines of 

NTM.   

 

H.2 Main transportation 
The main transport includes the transportation from the different countries in Central America, 

via Mexico to the United States. In Mexico the emissions standards are based on the US and Euro 

class standards, meaning that the emission compliance is required with either the US or European 

emissions standards (DieselNet, 2010). Since 2003 Mexico has the Euro class 3 requirements, 

which became Euro class 4 in July 2008 for new heavy duty diesel engines. The sulphur level in 

diesel is since 2009 15 ppm (DieselNet, 2010). In combination with the requirements on the 

transportation in the United States, we assume Euro class 3 emissions levels and 15 ppm sulphur 

content in the diesel for the whole shipment.  

 

Further they suggest to make the assumption that the main transport (if carried out by truck) is 

transported on a heavy lorry with trailer with a capacity utilization of 70%. The same approach is 

used as above. Different allocation and fuel consumptions calculations are used to calculate the 

low, average and high estimation.  

 

 Fuel calculation on  Allocation on 

Low estimation 70% physical weight utilization Physical weight 

Average 

estimation 

70% physical weight utilization Dimensional weight 

High estimation 70% dimensional weight utilization Dimensional weight 
Table H.7: overview fuel calculation and allocation for transboundary transportation.  

 

Further the same assumptions are made, for example for abatement techniques and extra fuel 

consumptions. 70% of the dimensional weight utilization results in 83% physical weight 

utilization for the heavy truck.  
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Appendix I Environmental calculations air transport 
To calculate the emissions of the shipment of the end-of-life equipment by airplane, the total 

emissions emitted during the flight and during the takeoff and landing should be calculated. After 

that, the emissions should be allocated to the products transported.  

 

Step 1: calculation of distance 

The shortest distance between two airports on surface of a sphere should be included in the 

calculations. This distance can directly be gathered with online calculations tools (www.world-

airport-codes.com). The uncertainty in distance, due to stopovers, connecting flights and 

refueling stops requires a span of -0% to +2%.  

 

Step 2: calculation of total emissions 

The CO2, NOx, HC and CO can directly be calculated from the data, provided by NTM per type 

airplane. Those emissions are given in kilograms for the calculation of the takeoff and landing 

impact (CEF) per flight, and in kilogram per kilometer for the calculations of the emissions 

during the flight itself (VEF). The total emissions of the air flight can be calculated with the 

formula: 

 

 (7) TE(i) [kg] = CEF(i,cu) [kg] + VEF(i,cu) [kg/km] x D [km] 

  With  TE(i) = total emissions of substance (i) 

    CEF(i,cu) = Constant emissions factor for substance (i) at capacity  

utilization (cu) 

VEF(i,cu) = variable emissions factor for substance (i) at capacity 

utilization (cu)  

D = great circle distance between airports 

 

With the total CO2 data (e.g. the CEF and VEF for the total flight distance) the fuel consumption 

can be calculated, which in turn determines the SOx amount and the energy utilization. The fuel 

consumption can be calculated by the following formula: 

 

 (8) Fuel Consumption [kg] = CO2 [kg] / 3.16 [kg] 

 

The value 3.16 is the fuel specific CO2 emissions. The assumption is made that the airplane flight 

on the fuel Jet A-1. The SOx can be calculated as follows: 

 

 (9) SOx [kg] = Fuel Consumption [kg] x 0.025 x 2 

 

The value 0.025 is the sulphur content in the fuel (250 ppm). This is multiplied with 2 to 

compensate for the increased weight of the sulphur dioxide molecule. (See also equation 5).  

 

The energy utilization is calculated by multiplying the fuel consumption with the heat value, 

which is 43.1 MJ per kg fuel: 

 

 (10) Energy utilization [MJ] = Fuel Consumption [kg] x Heat Value [MJ/kg] 
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An overview of the different airplanes in the 

Caribbean can be found on the internet (Caribbean 

Airlines, 2006). Although most airplanes transport 

passengers, the airlines that transport cargo fly in 

most cases with a Cessna, Convair 440, Douglas DC-

3C or with ATR 42-300. The first two are a belly 

(e.g. combination of passenger and cargo 

transportation). The other two are freight aircrafts. In 

2008 20% of Ericsson products are transported in the 

belly (based on weight). 80% is therefore transported 

in a freight airplane, which we assume here as well.    Fig I.1: ATR 42-300 

 

The Douglas DC-3C has a maximum weight of 12 701 kg. The empty weight is 8 301 kg (AEC, 

2010). For the ATR 42-300 the maximum weight (or Maximum Take Off Mass MTOM) is 

16 900 kg, and the empty weight is 10 684 kg (Skyquest, 2007). Of these two airplanes, NTM 

provides only data of the ATR 42-300. This is one of the smaller airplanes of which they provide 

data, and therefore the best estimations of the airfreight in the Caribbean. However large 

uncertainty exists. It is unclear if the relevant DSP makes use of the Caribbean airlines or if they 

use their own airplanes for these shipments. Further the maintenance has a significant influence 

on the results, but also unknown. Based on the assumption of the use of the ATR 42-300 airplane, 

the following data is used for the calculations: 

 
MTOM 
[kg] 

Max 
Freight 
load 
[kg] 

Freight 
Factor 
[%] 

Max 
Dista
nce 
[km] 

CO2 NOx HC CO 

CEF 
[kg] 

VEF 
[kg] 

CEF 
[kg] 

VEF 
[kg] 

CEF 
[kg] 

VEF 
[kg] 

CEF 
[kg] 

VEF 
[kg] 

16700 4853 50 3072 831.4
71 

3.946 2.645 0.013 0.000 0.000 2.433 0.007 

16700 4853 75 2064 899.6
54 

3.991 3.008 0.013 0.000 0.000 2.434 0.007 

16700 4853 100 1055 1040.
105 

4.054 3.709 0.013 0.000 0.000 2.467 0.007 

Table I.1: Emissions factor for the ATR 42-300 Freighter with the engine PW121 

 

Guidelines for the cargo capacity utilization are not presented by NTM. The total amount of 

emissions is dependent on the total physical weight of the airplane, which should include the total 

weight of the containers, pallets and other cargo handling and securing devices. Therefore the 

load factor is an important factor in the calculations of the emissions of air transport.  

 

The load factor reported by Lufthansa (Lufthansa, 2009) shows a load factor for freight air 

transport of 60% in 2009 and 64.2% for 2008. But also lower load factors are reported: 49.6% in 

January 2010 (International Air Transport Association, 2010). As well as high load factors: 

72.6% in May 2010 (Association of Asia Pacific Airlines, 2010). In Latin America even lower 

load factors are common; 31.6% in June 2009 (Eye for transport, 2009). However reliable data 

regarding load factors is missing.  
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The load factor influences significant the results of the emissions. The emissions can directly be 

calculated from the above table for the load factors of 50%, 75% and 100%. For other load 

factors the following interpolation example can be used: 

 

 (11) CEF85% = CEF75% + (CEF100% - CEF75%) / (100%-75%) * (85%-75%) 

 

As no data is available for a load factor smaller than 50%, 50% is the lowest load factor which 

can be calculated (used for the upper limit of the emissions span). For the low estimation of 

emissions we set the load factor on 80%, which is higher than the reported load factors of the last 

year (see discussion above). For the average calculations we follow the load factor of Lufthansa, 

60%.  

 

Step 3: allocation of emissions 

NTM suggest using the weight as the basis of the allocation of the emissions to the freight. 

Volumetric weight or physical weight can be used. The industrial conversion factor for air freight 

is 167 kg/m
3
. For the end-of-life equipment of Ericsson it is estimated that 10 ton is equal to a 1 

40 feet container (approximately 66 m
3
), and have therefore a factor of 151.5 kg/m

3
. This implies 

that a volumetric weight should be used for the allocation of emissions. But due to the 

characteristics (4853 kg weight limit and 56 m
3
 space limit (ATR, 2003)), already 41.2% of the 

maximum weight of the cargo is filled with the 2 ton shipment of Ericsson, and 23% of the 

volume. To calculate the emissions of which Ericsson is responsible for, the emissions will be 

calculated by weight.  

 

Uncertainties 

Hugh uncertainties exist in the calculations of air transport. The data of the assumed fuel is old 

and the reliability of this data is therefore uncertain. The PM emissions calculation is not possible 

as the required detailed data for engine and combustion process is not public.   

 

Due to the high uncertainty in the load factor, the emissions of three different load factors are 

calculated (50%, 60% and 80%). Further NTM advices to increase the distance with 2% for the 

high span calculations, to take the distance uncertainty into account. And the uncertainty in 

Sulphur content should lead to a decrease of 25% in the SO2 emissions of the low span 

calculations.    

 

The emissions from aircraft service and maintenance related flights are not taken into account in 

the above calculations, although they have a significant effect. To keep the same boundaries as in 

road and sea transport (where the emissions of service and maintenance are considered as 

insignificant), these emissions are excluded as well in the air freight calculations.   
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Appendix J: Environmental Calculations Sites 
The electricity in Panama is a combination of oil and hydro produced electricity (IEA, 2007). The 

CO2 emission factor in Panama for the fossil fuel power plants was 0.78 kg CO2 per kWh in 2000 

(GHG protocol). Typically the following emissions amounts can be expected of an oil fired 

power plant:  

 

CO [g/kWh] NOx [g/kWh] SO2 [g/kWh] CO2 [g/kWh] 

0.19 2.02 5.08 781 
Table J.1: Emissions oil fired power plant in g per kWh (Virginia Tech's Consortium on Energy 
Restructuring, 2007) 

 
However, since 2000 the amount of CO2 emission of electricity production in Panama is 

decreasing. In 2006 the CO2 emissions of the oil fired power plants were 0.588 kg CO2 per kWh 

(GHG protocol). It is assumed that the hydro facility has no direct emissions by the production of 

electricity (Virginia Tech‟s Consortium on Energy Restructuring, 2007). Therefore when the total 

electricity production is examined, the CO2 emission factor had a value of 0.229 kg CO2 per kWh 

in 2006, and 0.356 kg CO2/kWh (or 0.098889 kg CO2/MJ) in 2003 (GHG protocol). In 2007 

43.21% of the panama electricity was coming from the oil fired power plants (IEA, 2007), the 

rest is produced with hydro facilities. The emissions in Panama can be calculated with the 

following equation: 

 

(12) Emissions electricity panama [g/kWh] = emission oil fired power plant x  

percentage oil fired power plant in total electricity production.   

 

With this equation the amount of CO2 will be estimated on (781 x 0.4321 =) 337.5 g per kWh. 

When the emissions per kWh are multiplied with the Ericsson‟s electricity consumption 

(0.000393 GWh per m
2
) the emissions per squared meter can be calculated: 

 

 [g/kWh] [kg/m
2
] 

CO 0.0821 0.0323 

NOx 0.8730 0.3431 

SO2 2.1954 0.8628 

CO2 337.51 132.64 
Table J.2: emission profile electricity EDC in Panama 

 

The energy used in mega joule (MJ) can be calculated by multiplying the kWh per m
2
 with the 

conversion factor of 3.6 (0.000393 GWH/m
2
 = 393 kWh/m

2
 = 1414.8 MJ/m

2
).  

 

Uncertainties 

The estimated emissions above will be slightly too high due to the improvements in the 

electricity production in Panama. The CO2 emission factor is also slightly higher than the average 

CO2 per m
2
 for all Ericsson facilities around the world (101.4 kg CO2 per m

2
). Therefore the 

above calculated emissions represent the high span emissions. The total electricity production in 

Panama had a CO2 emission factor of 0.299 kg per kWh in 2006. Therefore the span ranges from 

-10% up till +10%.   

 

http://www.history.vt.edu/Hirsh/CER/CER-Base.htm
http://www.history.vt.edu/Hirsh/CER/CER-Base.htm


Appendix K: Input data per scenario 
 

Scenario “Base Case”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From To Weight 

[ton] 

Volume [m
3
] 

El Salvador US, Chicago  10 66 (=40ft container) 

Guatemala US, Chicago  10  66 (=40ft container) 

Honduras US, Chicago  10 66 (=40ft container) 

Nicaragua US, Chicago  10 66 (=40ft container) 

Panama US, Chicago  10 66 (=40ft container) 

Dominican 

Republic 

US, Chicago  10 66 (=40ft container) 

Jamaica US, Chicago  2 13 

Netherlands 

Antilles 

US, Chicago  2 13 

Puerto Rico US, Chicago  2 13 
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Scenario: “consolidation within EDC”  

From To Weight [ton] Volume [m
3
] 

El Salvador Panama 10 66    (= 1 40ft container) 

Guatemala Panama 10  66    (= 1 40ft container) 

Honduras Panama 10 66    (= 1 40ft container) 

Nicaragua Panama 10 66    (= 1 40ft container) 

Panama Panama 10 66    (= 1 40ft container) 

Dominican Republic Panama 10 66    (= 1 40ft container) 

Jamaica Panama 2 13 

Netherlands Antilles Panama 2 13 

Puerto Rico Panama 2 13 

Panama US, Chicago (Belmont) 66 435  (= 7 40ft container)  



Appendix L: Environmental Impact results 
The environmental data of the emissions CO2, NO2, SO2 are presented here in more detail. 

Further the emissions CO, PM, HC and CH4 (of which the data is incomplete) is also presented 

here. At last the uncertainty in the emissions is presented.  

 

L.1 Details of energy use and the emissions CO2, NO2, SO2 
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Figure L.1: Energy use per scenario (divided in pre, main, onward transportation and storage) 

 

CO2 emissions [kg] per scenario
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Figure L2: CO2 emissions per scenario (divided in pre, main, onward transportation and storage) 
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NO2 emissions [kg] per scenario
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Figure L.3: NO2 emissions per scenario (divided in pre, main, onward transportation and storage) 
 

SO2 emissions [kg] per scenario
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Figure L.4: SO2 emissions per scenario (divided in pre, main, onward transportation and storage) 
 

L.2 The emissions CO, PM, HC and CH4 
Data for the emissions CO, PM, HC and CH4 are presented below. Not all data is complete due 

to missing data in the NTM database. 
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CO emissions [kg] per scenario
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Figure L.5: CO emissions per scenario 

 

PM emissions [kg] per scenario
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Figure L.6: PM emissions per scenario 
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HC emissions [kg] per scenario
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Figure L.7: HC emissions per scenario 

 

CH4 emissions [kg] per scenario
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Figure L.8: CO emissions per scenario 

 

L.3 Uncertainty in emissions 
As can be seen from the following figures, the certainty that the “base case” has better 

environmental results as the scenario “consolidation within EDC” is high for energy use, CO2 

and SO2: the low estimation of the scenario “consolidation within EDC” shows higher results as 

the high estimation of the “base case”.  
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Uncertainty in energy use
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Figure L.9: Uncertainty in energy use for the scenarios with the transport mode boat 
 

Uncertainty in CO2 emissions
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Figure L.10: Uncertainty in CO2 emissions for the scenarios with the transport mode boat 
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Uncertainty in NO2 emissions
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Figure L.11: Uncertainty in NO2 emissions for the scenarios with the transport mode boat 
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Figure L.12: Uncertainty in SO2 emissions for the scenarios with the transport mode boat 
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