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Abstract 
 

This report describes the design of new multifunctional quay facilities to handle the future 

increase in supplied raw-material at ENCI Maastricht BV. This supply of material is 

necessary because of stopping the first phase of the cement production process after 2018.  

Thereafter this quay has a major function in the development of the revitalization process of 

the ENCI site. This revitalization is necessary to prevent the redundant business area from 

deterioration. Implementing industrial symbiosis is according to literature successful to 

revitalize business areas. Therefore an example of a future industrial symbiosis process at the 

ENCI site will be provided. The right organisational structure is necessary to implement 

industrial symbiosis successfully.    
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Executive Summary 
 

This study is performed because of a change in business policy at ENCI Maastricht BV: After 

2018 ENCI will stop digging limestone out of its quarry. However the production of cement 

with its corresponding logistical and supporting activities will be continued until an 

undefined date. As a result all the required raw-materials have to be supplied. This will 

involve 1.800.000 tons and consists mostly out of clinker, blast furnace slag, gypsum and fly-

ash. Because ENCI is located near an inland waterway the transport of the materials will 

probably be done by barges and vessels. To unload the material the current quay is of major 

importance and has even to be expanded.  

Due to the change in business policy 22 hectare of business area and production facilities will 

not be necessary anymore for the cement production. ENCI wants to hire this area out, 

including the quay facilities to external parties and turn it into an eco-industrial park. 

Therefore a revitalization process is already started. In addition mentions a governmental 

study that business area which have the availability of quay facilities are rare in the region of 

Southern Limburg (Ecorys Nederland BV 2008b).  

 

Therefore it is necessary to optimally elaborate the possible developments at the quay that fits 

with the perspective of ENCI. As a result the following research objective is determined:  

 

Present a proposal, in the perspective of the ENCI Company for the use of their quay on the 

time periods 2015-2025, and beyond 2025. The primary goal of this proposal is the use of the 

quay by ENCI itself. The secondary goal is the use of the shore by external parties.  

 

In literature industrial symbiosis is described as a useful tool for revitalizing business areas 

(Lambert and Boons 2002; Konz and Thillart 2002). It will enhance economical and 

environmental benefits (Chertow 2007; Gibbs and Deutz 2007; Konz and Thillart 2002; 

Lowe 1997; Ehrenfeld and Gertler 1997). Moreover will implementing industrial symbiosis 

result in a collective benefit for the involved companies that will be greater than the sum of 

the benefits if the companies would have operated by themselves (Chertow 2000). 

Implementing the concept of industrial symbiosis at industrial parks will turn them into eco-

industrial parks. To successfully develop eco-industrial parks the presence of park 

management, an anchor tenant and political interference is required. However policymakers 

must know their position in this interference process. Besides these motivational factors, the 

fail factors of implementing industrial symbiosis have to be taken into account as described in 

table I.  

 

In the design process of the quay facilities environmental aspects have to be taken into 

account to meet juristic environmental regulations and to keep hindrance for neighbourhood 

as low as possible. Dust and noise emission are most important factors, also the amount of 

freight from and to the ENCI terrain is restricted. In addition there is also a restricted 

unloading time available.  
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Category of  barrier Explanation 

Exchange is technically not possible (location, no proper exchange possible) Technical 

Lack of technical knowledge to successful introduce new possibilities 

Difficult to find new waste uses Informational 

Hard to gather information about another company’s in- and outflows 

Risk of using waste streams without having reliable market for it  

Investments with high payback times 

Economical / financial 

Operational costs 

To complex or innovative process 

Vague communication / appointments / competence 

Regulatory  

Project goals are not clear 

Motivational  Lack of; commitment / trust / basis / confidence / cooperation 

External Impediment through policy / execution / lawmaking 

Table I: Overview of barriers / factors of failure against successfully implementing industrial symbiosis 

(Ehrenfeld and Gertler 1997; Chertow 2007; Lambert and Boons 2002; Konz and Thillart 2002).  

 

Taking the sustainability and economical aspects and the location of ENCI and the suppliers 

of the raw-material into account, then water transport is the most obvious transport mode. 

Because of the scaling in the inland shipping bridges and sluices in the waterways to ENCI 

will be enlarged and at some waterways the draught will also be increased. In this way ENCI 

can be reached by four-barge-convoy sets. However this is not possible from every supplier. 

Most of the clinker will be supplied from the plant in Antoing. The rest will be supplied from 

the plant in Lixhe or transported from the harbour in Antwerp. Via the Juliana Canal other 

raw-materials and if necessary clinker, will be transported.  

As a result the following maximal sizes of vessels and barges can be expected from the 

different supply routes:  

 

From Maximal size (meters) 

Lixhe 196 x 23 

Antoing  110 x 9,6  

Antwerp 196 x 23 

Via Juliana Canal 190 x 11,4 
Table II: Maximal barge size per supply route 

 

After calculating the transport cost it appears to be that a single barge convoy with a length of 

110 meters is the most cost efficient for the supply from Lixhe. A vessel with a length of 135 

m will be the most cost efficient for supply from Antwerp and Ijmuiden. In addition it could 

be possible that in the future due to scaling and changing market values vessels up to 135 m 

will economically even be more interesting for the transport of clinker. Therefore these vessel 

and barge sizes have to be taking into account when designing the quay facilities.  

 

Two options were analyzed for the location of the new unloading facilities; expanding the 

current quay or installing the unloading facilities at an inland harbour.  

Creating an inland harbour was thought to be reasonable because of the possibilities to use 

the quarry as retention basin. In this way the necessary junction canal between Maas and the 

quarry could be expanded to an inland harbour. After analyzing the (dis)advantages there is 

however decided that creating an inland harbour is no realistic option for the location of the 

new unloading facilities. Most important obstacles are the required harbour entrance of 

around 200 meters and the expected construction cost.  
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As a result the current quay has to be extended to a total length of 300 meters, to make it 

possible that two vessels or barges can moor at the same time and to take the scaling of the 

inland shipping into account. 

 

To unload the annual amount of supplied raw-materials two new cranes are necessary with a 

total unloading capacity of 1100 ton / hour due to the crane efficiency and peaks in cement 

production. Other types of unloading devices can not be applied due to the high abrasive 

property of clinker. The cranes are equipped with Best Available Technique to reduce dust 

and noise emission and are mobile. Constructing mobile cranes will result in a shorter quay 

and conveyor belts. New eco-hoppers will be installed to reduce the dust emission during 

deposit of material as much as possible. Moreover, adjustments to conveyor belts are 

necessary to handle the unloaded material. With the current storage facilities a stock period of 

at least ten days can be created and therefore no extra investments are necessary for the 

inventory part. Investment costs for these unloading facilities depend on which quay lay-out 

is chosen, but these differ between 9,6 million and 10 million Euros  

 

The above mentioned unloading equipment and conveyor belts are designed to handle an 

annual amount of 1.700.000 ton, because not all of the raw-materials will be transported via 

water. The expected sales volume until 2015 will be around 1.100.000 ton. If this sales 

volume will be maintained after 2018 than there will be an overcapacity. Due to optimal 

usage of this overcapacity by external firms at the business area, ENCI can earn its 

investment cost partially back. If it appears that the sales volume strongly increases and there 

is a high demand of unloading capacity then the unloading capacity has to be recalculated. 

Using the overcapacity is possible because the specific equipment can be used for a lot of 

different solid bulk goods. It also can be used for the (un)loading of 40 ft containers and piece 

goods until 55 ton per crane.  

Using the quay facilities is also one of the preconditions for new firms at the business area, 

because the amount of land bound freight from and to the ENCI site is restricted to a very 

limited amount. For that reason other firms have to reduce the use of trucks to transport its 

goods and materials to a minimum and must therefore use the quay facilities because there is 

also no railway connection to the ENCI site.  

 

To revitalize the ENCI site a transformation plan is already started. This is done through the 

formation of park management and political involvement. ENCI also serves as anchor tenant. 

These factors will motivate the implementation of industrial symbiosis at the ENCI terrain 

and develop it into an eco-industrial park. However to make the implementation successful 

park management hast to focus more on the initiatives that motivate industrial symbiosis. In 

addition has the decision process not always be economically driven as recommended in 

literature.  

 

Figure I presents an example of industrial symbiosis at the future ENCI terrain. Companies 

are implemented that fit with the development strategy of the business park as presented in 

the Plan of Transformation. As can be seen has the quay a major function in this process.  

 

This example is only theoretical based on a realistic guess. The exchanges between firms are 

determined roughly but are realistic. Therefore the model is not substantiated on economical 

calculations. The model only takes into account the designed strategy of the business area and 

the counting environmental regulations. In this way it tries to make a match between them. 

The objective of the presentation of this model is to show the possibilities at the business area 

and how it should be designed to create an eco-industrial park with its benefits. However the 
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most important aspect is to show the major importance of the quay in relation with the 

business area; it is the only worth mentioning link between the ‘outside world’ and the 

business area. Therefore it is of major importance to develop the determined quay facilities in 

this study to make the development of an eco-industrial park successful.    

 

 
Figure I: Industrial symbiosis at ENCI business park 
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1. Introduction 
 

First of all, the company ENCI Maastricht BV is described. At this company the research is 

conducted. Than the business problem with the research objective will be explained. 

Hereafter the corresponding research questions, the applied research methodology and data 

collection method are mentioned.   

1.1 Company description 

 

The cement factory ENCI Maastricht is part of HeidelbergCement Benelux. This concern is 

market leader in the Benelux as subcontractor of cement, concrete, sand and gravel. 

HeidelbergCement Benelux is part of HeidelbergCement Group. This concern is operating 

worldwide. It is one of the world’s biggest producers of cement and concrete. Besides this the 

HeidelbergCement Group is worldwide market leader in sand and gravel. It is operating in 

more than 50 countries and has the availability over 2.600 production facilities in Europe, 

Noth-America, Australia, Asia and Africa (ENCI 2010).  

 

In The Netherlands the following companies are part of the HeidelbergCement Group: ENCI 

as a producer of cement, Mebin and Hanson as concrete mix producers, AGM as a 

subcontractor of marine sand and gravel and SAGREX as a subcontractor of sand and gravel,. 

Hanson also delivers sea aggregates of sand and gravel (ENCI 2010).  

 

In 1926 ENCI was founded in Maastricht at the edge of the St. Pietersberg. This location was 

not randomly chosen. Here is the only location in the Netherlands where limestone, as raw-

material for the production of cement, is, in considerable amounts, available. However, this is 

not the only reason for the present location. ENCI Maastricht is also located near the Maas 

and the Albert Canal. The Maas and the Albert Canal are important European inland 

waterways (ECE 2009). Also an important motorway (A2/E25) is located nearby, but is 

located at the opposite shore of the Maas. A map with the location of ENCI Maastricht can be 

seen in Appendix I and the location of the motorway is shown in appendix II. Due to this 

location ENCI can serve the international and mostly the national market. 25% of the Dutch 

cement demand is met by ENCI Maastricht (ENCI 2010). ENCI has also plants in Rotterdam 

and IJmuiden.  

In the sequel of this report ENCI Maastricht is abbreviated to ENCI. If other locations are 

meant, this will be explicitly mentioned.   

 

The plant site encloses 33 ha. On this site are a rotary kiln, a milling plant and an expedition 

centre located. Besides that, ENCI has the availability of a quarry of 135 ha in which the 

limestone is excavated. Of this area, 65 ha are exhausted or nearly exhausted (ENCI 2010).  

1.1.1. Production process of cement 

The production process of cement can be divided in two main steps. The first step is the 

production of clinker. The second step is producing cement.  

For the production of clinker is as base raw-material limestone needed. After the limestone is 

excavated it will be dried and crunched to meal. This meal will be burned in a, rotary kiln 

into gray-black pellets; the clinker.  

In the second step of the production process the clinker and other raw-materials are milled 

and mixed up together to the desired composition. This composition is different for every 
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kind of cement.  Finally this cement mix will be milled again, into the desired granule 

dimension (ENCI 2007). 

A flow chart of the production process with both production phases can be seen in appendix 

III   

 

In the factory at Maastricht different kinds of cement are produced: Portland cement, 

Portland-fly ash-cement, blast furnace cement, composite cement and masonry cement. For 

the productions of these kinds of cement are, besides limestone, also other raw materials 

needed; blast furnace slag, fly-ash and gypsum (figure 1.1). These raw-materials are supplied 

and are mostly delivered by barges.  

 

Percentage of raw-materials used in cementproduction 

63%11%

15%

3%

4%
4%

klinker f rom quarry

klinker supply

blast furnace slag

f ly ash

limestone

gypsum

 
Figure 1.1: composition of cement, with corresponding percentages 

 

Besides these raw-material thereafter also ‘milling resources’ are added in the milling 

process, however they represent such a small amount (+/- 0,25 %) that they will be neglected 

in further analyzes. As can be seen the cement exists out of +/- 65 % own produced clinker. 

Besides the own produced clinker there is also clinker supplied. So, the total percentage of 

clinker used in the production of cement is +/- 75% (figure 1.1).  

 

The average cement production at ENCI Maastricht is around 1.100.000 tons a year. From 

this total cement production 11% will be wrapped into bags of 25 kg each. The rest of the 

cement will be transported by bulk. 30% of this bulk is transported over water the other 70% 

is transport to the customer by trucks. An objective of ENCI is to reduce the environmental 

pollution of the cement transport, through motivating the transport via water (ENCI 2010).    

The factories of ENCI in Rotterdam and Ijmuiden mostly produce blast furnace cement.  

In the rest of the research there is only focused on the total cement production,   

Although ENCI produces different kinds of cement, for the purpose of this research this is not 

significant. Because only the total supply of raw-materials will be analyzed. When therefore 

in the rest of this research is talked about cement, than all kinds of cement that are produced 

at ENCI Maastricht are mentioned.  
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1.2. Problem definition 
 

Due to environmental issues the excavation of limestone in the quarry of ENCI Maastricht 

will stop in 2018 and the clinker production will be finished in 2019. However, the 

production of cement from (externally supplied) clinker, including the corresponding 

logistical functions will continue (production phase 2 in appendix III). Also the laboratory 

and the necessary facility functions will be maintained. The necessary raw-materials will be 

supplied. 

The clinker will probably supplied from the CBR cement factory in Lixhe, Belgium. This 

factory is located nearby and is also part of the HeidelbergCement Group. Clinker can also be 

supplied from the factory in Antoing, Belgium. This factory only produces clinker and is also 

part of the HeidelbergCement Group.  

The stop of quarrying limestone and producing clinker at ENCI Maastricht will result in a 

redundant quarry and 22 abandoned hectares of industrial site. To prevent this area from 

deterioration, and if possible to maintain jobs, a Plan of Transformation is developed.  

This plan has been developed by ENCI in cooperation with the Municipality of Maastricht 

and the Provincial Government of Limburg. In addition the Association of Nature 

Monuments and the neighbourhood have participated in the construction of the Plan. The 

participation of all these parties will create a Plan which has a broad social base and which 

can count on political support.  

The objective of the Plan is to turn the quarry and industrial site into a multifunctional 

sustainable area. The Plan consists out of 3 components: the business area, the quarry and a 

transitional zone. This multifunctional area will have a social-economic function. It will be an 

attractive and easly reachable public area which offers an extra value to the city Maastricht 

and it will maintain or increase jobs, as much as possible.  

As compensation for these extra efforts ENCI has put into the creation of this Plan, the 

commercial excavating of limestone can continue until 1 July 2018, otherwise it had to stop 

at 1 January 2015 (Plan van Transformatie, 2009). 

This research mainly focuses on the revitalizing process of the business area. With use of the 

Plan of Transformation, the industrial site has to be turned, from its recent functions into a 

campus of knowledge based industries and services, which are connected to the concept of 

‘future building’ (Werkgroep bedrijventerrein, 2009) 

1.3. Research objective  

 

Resulting from this Plan of Transformation, more raw-materials have to be supplied after the 

kiln has stopped operating, because the clinker production process will be finished. 

Thereafter the transformation of the business area has to take place. In both of these issues, 

the ENCI quay can fulfil a major role.   

First of all the supply of most raw materials will most probably be done by barges and have 

to be unloaded at the quay. Secondly the existence of the quay will be an advantage in the 

recruiting of candidate firms for the business area, because out of a study in order of the 

Provincial Government of Limburg it appears that there is a need for so called ‘wet business 

areas’ (Ecorys Nederland BV 2008b). These are business areas that are located near inland 

waterways or shores, and make use of these facilities.   

Because of these expectations, ENCI wants to develop a vision about its quay in which is 

presented how it optimally can combine earlier mentioned issues.  
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Therefore the main objective of this research will be; 

 
Present a proposal in the perspective of the ENCI Company, for the use of their quay on the 

time periods 2015-2025, and beyond 2025. The primary goal of this proposal is the use of the 

quay by ENCI itself. The secondary goal is the use of the shore by external parties.  

1.4. Research questions 

 

To create this objective, different research questions will be defined.  

 

To accomplish the revitalization process of the business area, ENCI has set up a plan. This 

plan called ‘Plan Business Area’, describes the vision and ambitions that ENCI has about its 

business area, and that also corresponds to environmental issues.  

These environmental issues fulfil a major position in the existence of ENCI. This is due 

different reasons. First of al the activities of the cement and clinker production process at the 

ENCI factory have different classifications in the law of environmental control (ARCADIS 

2009a). This means that it has to fulfil stringent requirements of the environmental 

regulations. These requirements are for example about emission, noise and dust. In addition 

the closeness of the city Maastricht requires tied acting in accordance with these regulations.  

 

In the literature, industrial symbiosis is described as a very helpful manner for revitalizing of 

obsolete and redundant business areas (Konz and Thillart 2002). In addition the main 

property of industrial symbiosis is; the efficiently exchange of (raw) materials and energy 

between nearby located firms. This property should create environmental benefits (Chertow 

2007). 

Therefore, to obtain the optimal revitalization result that is in line with the vision of ENCI, a 

example of the implementation of industrial symbiosis as described in literature has to be 

made for the ENCI case. In this way it can be seen whether industrial symbiosis is useful for 

the plan or that it will be necessary to make adjustments to the revitalization plan of ENCI.  

Therefore the first research question is formulated 

First research question: 

Is industrial symbiosis a useful tool for restructuring the ENCI industrial site? 

 

After the answer on the first research question is created, it will be visible what the properties 

are of the new sustainable business area and which kind of companies have to be located at 

the site to create a sustainable business area.  

In this way a more concrete vision of the use and design of the quay has to be developed in 

order it can serve the new businesses.  Therefore the second research question is designed: 

Second research question: 

How should the ENCI quay be designed in order to contribute to the development of an eco 

industrial park at ENCI? 

 

This second research question is divided in some sub questions, because first of all; the new 

shore has to fulfil the needs of the cement production. In addition some environmental issues 

influence the design of the quay. With each of these sub questions it will be tried to provide 

an answer on each of these aspects. 
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Sub questions: 

At the design of the new quay a lot of environmental issues occur. The new design has 

therefore not to be in conflict with these issues, but the design has to optimally use the 

margins that these issues offer. An example of an environmental issue would be future 

potential logistical problems, because of an increase in transport over water via the Maas, the 

Albert Canal and possibly the Juliana Canal. Other issues on these waterways could be:  

- bigger ships 

- more ships 

- more recreation  

- the sluices within this trajectory 

- bridges within this trajectory 

- the “floodwater policy” of the government.  

Besides this, ENCI not only wants to be depending of clinker supply from Belgium. 

Therefore there has to be an alternative option for a transport route over water from the North 

(Germany). Also the production of noise and dust at the quay has to be taken into account.  

This results into the first sub-question; 

 

• Which environmental issues and laws have to be taken into account if ENCI wants to 

execute its new plan and what opportunities do they create? 

 

Since the production of clinker will finish, it will be necessary to supply the necessary clinker 

in order to continue the production of cement. This clinker will be transported by barges. 

Therefore a considerable extra unloading capacity is necessary at the quay. Possibilities for 

new (un)loading technical solutions that can realize this extra (un)loading capacity have to be 

studied. Also the environmental, energy and economical aspects have to be considered in 

order to find an optimal solution. This results in sub question 2:  

 

• Which method of unloading barges creates the lowest environmental pressure and is the 

most cost efficient?   

 

In the past some floods have occurred in the vicinity of ENCI, for that reason there have been 

discussions about the use of the ENCI quarry as a retention water basin, a so called 

‘retentiebekken’, to reduce the possibility of floods. This discussion is still alive. The use of 

the ENCI quarry as ‘retentiebekken’ will influence the design of the quayside. Therefore the 

third sub-question is developed: 

 

• Is the use of the ENCI quarry as a retention basin (retentiebekken) desirable? 

 

An option in the designing process is to create an inland harbour at the ENCI site. This will 

result in a lot of environmental effects. These effects can be positively as well negatively. 

Besides this, considerable costs are involved in this process. However it could be possible 

that this inland harbour is not feasible. Therefore the next sub-question is formulated; 

 

• Is it possible, economically and environmentally interesting to create an inland 

harbour? 

 

After 2018 the production of clinker at ENCI Maastricht will finish. Because of this 22 ha of 

business area will be available at the ENCI side. ENCI wants to hire this area out to external 

parties. As an extra option the quay will be made available for these external parties. So 

ENCI can offer extra services at the shore to these external parties. Therefore, an overview of 
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possible usage options of the quay is needed. It also has to be investigated if these options can 

be implemented, without being in conflict with the problems mentioned at the first sub 

question. Therefore the next sub-question is formulated 

  

• Is the new quay advantageous for external parties? 

 

If is known which unloading techniques will be used and how the new quay will be designed, 

the rest of the unloading, transporting and storage process, from the quay to the cement 

production have to be studied because, there has to be investigated whether adjustments are 

needed. This results into the last sub-question; 

 

• Which logistical issues have to be taken into account when the new quay is created? 

 

1.5. Research methodology 

 

According to Van Aken (2001), developing valid and reliable knowledge that is usable in 

designing solutions to problems is the main objective of design science. These problems 

could be construction problems, improvement of performance of existing entities. Therefore 

this master thesis will be in the specialism of design science.  
 

To obtain the objective of this master thesis, the design cycle of Eekels & Roozenburg (1991) 

is used. Because, according to these authors, design is concerned with not really existing 

situations, but with worlds that expectantly will arise. This is also what the research problem 

of this master thesis is about: present a solution for a future problem (not really existing 

situation) in a future context (expected world).  

This model (figure 1.2) is mostly used at engineering design processes (Eekels & Roozenburg 

1991). The model consists out of several steps: These steps will be applied for the objective 

of this master thesis.  

- The problem: identifying the problem 

- The analysis: analyzing the conditions in which the future problem can occur and 

could be solved.  

- The synthesis: By using the requirements a first draft of the problem solution is 

developed. Eekels & Roozenburg (1991, p. 201) call this a ‘tentative design proposal’ 

These requirements are internal (ENCI) or external (other involved parties).   

- The simulation: Testing the proposal into its future expected context.  

- The evaluation: Evaluating if the simulation results of the model correspond with the 

requirements.  

- The decision: The proposal has to be worked out into more iterations or more 

alternatives have to be developed. At the end of this process the most attractive 

proposal has to be chosen out of the set of alternatives. (Eekels & Roozenburg 1991) 

 

This design cycle is particularly usable for this research, because by using the different 

phases, one definite design solution can be created. In between of the design process different 

loops can be made. These will be necessary in case the proposal is not inline with the 

expectations or whenever there are more possibilities of a solution for the problem. However 

these loops can not be made infinitely, because at the end of the process a definite design has 

to be present, which will be implemented in practice. Therefore a continuous looping model 

as for example the reflective cycle of Van Aken (2001) and the regulative cycle of Van Strien 
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(1997) is less usable for this master thesis. Because it is several times used in order to try to 

develop the solution or knowledge further on (Andriessen 2004). 

 
Figure 1.2: The design cycle (Eekels & Roozenburg 1991, p. 199) 

1.6. Data collection 

 

For the decision process both external and internal factors are significant. Information about 

these factors will be gathered by using different sources. Literature will be used to create a 

theoretical base. Thereafter, interviews will be conducted and information is gathered out of 

internal and external reports. 

Moreover, information will be gathered from meetings with a project group which is 

especially established for the design of the ENCI quay.  

In this project group all the parties concerning this project are involved, with one or more 

persons: The Directorate General for Public Works and Water Management 

(Rijkswaterstaat), the Municipality of Maastricht, the Provincial Government of Limburg and 

ENCI. The main objective of this project group is, with regard to the Plan of Transformation, 

that the Municipality of Maastricht and the Provincial Government of Limburg will help 

ENCI to gain allowance wherever is possible for revitalization of the business area and the 

restructuring of the quay area. This is part of the deal between ENCI and these governments 

concerning the Plan of Transformation (Werkgroep kade 2010). In addition internal and 

external documents will be used to gather information and data.  
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1.7. Report content 
 

In next chapter the concept of industrial symbiosis will be elaborated. Furthermore the 

environmental regulations ENCI is faced with, when the new plans at the quay and business 

area will be developed are described in chapter 3.  

Concerning the external logistics the supply routes with its most obvious vessel and barge 

sizes are determined in chapter 5. A comparison between the transport costs by truck or 

waterway is also provided.   

Chapter 6 determines the required unloading equipment with its environmental requirements. 

Two options are described for the location of the new quay: Chapter 7 describes the 

possibilities of expanding the current quay and chapter 8 describes the possibilities and 

restrictions of the location of the unloading devices in an inland harbour. 

The required internal logistic is determined in chapter 9. In chapter 10 the multifunctional 

aspect of the quay is described. Chapter 11 determines the required budget to develop the 

designed quay as described in this report. An implementation of the concept of industrial 

symbiosis at the ENCI terrain and the role of the quay in this process is provided in chapter 

12. Finally the research questions will be answered and recommendations will be given.  

In this report all decimals are denoted with a comma and thousands with a dot.   
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2. Industrial Symbiosis 
 

The quantity of research done at industrial symbiosis is rather small. Mostly only documents 

of specific eco-industrial projects are available (Chertow, 2000). In addition, a lot of literature 

concerning industrial symbiosis and eco-industrial parks is about case studies of the eco-

industrial park at Kalundborg Denmark. The reason for this could be that researchers see the 

Kalundborg project as a fundamental case in the industrial symbiosis process. But before this 

case is explained into detail, the general concept of industrial symbiosis will be discussed. 

 

Ehrenfeld and Gertler (1997) state that industrial ecology is a new concept that is emerging in 

the evolution of environmental management paradigms. The objective of industrial ecology is 

to implement lessons of nature into the industrial system (Lambert and Boons 2002). It is 

about analyzing the environmental effects of the industrial activities together, despite of 

analyzing every process separately (Konz and Thillart 2002). Because of this there is 

increased attention to the energy and materials flow through local, regional and global 

economies (Chertow, 2000). Regarding this point of view, Lambert and Boons (2002), 

Chertow (2000) and Lowe (1997) notice that the concept of industrial symbiosis emerged as 

part of the emerging industrial ecology framework.  

Originally, symbiosis is a biological term which refers to “a close sustained living together of 

two species or kinds of organisms” (Ehrenfeld and Gertler 1997, p69). If this term is 

interpreted into an economic system, than the symbiosis will be visible in the exchange of 

(raw) materials and energy between individual firms that are located close to each other 

(Gertler and Ehrenfeld 1997). This has to result in an industrial eco-system that acts like a 

natural ecosystem (Chertow 2000). Particularly the following aspects of the natural eco-

system have to be taken in mind (Konz and Thillart 2002; Chertow 2000; Boons and Baas 

1997): 

� minimizing the use of energy and raw-materials and reducing the waste 

production 

� recycling of residues in other processes 

� possibility to intercept imbalances and setbacks   

 

Chertow (2007) has defined industrial symbiosis as: “engaging traditionally separate 

industries in a collective approach to competitive advantage involving physical exchange of 

materials, energy, water, and by-products” (Chertow 2007, p12). This is in line with the 

definition given by Lowe (1997) about an industrial ecosystem. 

Thus, industrial symbiosis is about firms which ‘live together’ and benefit all from it through 

the exchange of energy and materials. Chertow (2000) mentioned that the collective benefit 

will be greater through implementing industrial symbiosis, than the sum of the benefits of all 

the involved companies, if they would have operated by themselves.  

 

Industrial symbiosis occurs according to Chertow (2000) at one operating level of industrial 

ecology (figure 2.1). It occurs across firms, together with life cycle analysis and industrial 

sector initiatives, because industrial symbiosis concerns exchange possibilities between 

organisations. According to her there exist also two other industrial ecology operating levels. 

The first operating level of industrial ecology is about the firm itself, which include the 

environmental aspects in interaction with business efficiency. The third operating level is 

about materials and energy flows, the use of less materials and polluting fuels on the regional 

/ global level.  
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Figure 2.1: Relation between industrial ecology and industrial symbiosis (Chertow 2000, p315) 

 

Chertow (2000) noticed that collaboration and the synergistic possibilities are the key to 

industrial symbiosis. With this point of view a network of firms that collaborate in reducing 

the material and energy consumption, can arise. Gibbs and Deutz (2007) describe this as the 

basis of industrial symbiosis. However these synergies are hard to realize as appeared in a 

case study by Gibbs and Deutz (2007). Mostly these possibilities were only proposed, but not 

implemented.  

An anchor tenant is necessary to encourage resource and material sharing (Gibbs and Deutz 

2007). More about this anchor tenant later on in this review.  

Because industrial symbiosis is about material exchanges, Chertow (2000) provides five 

different types of material exchange and these are mentioned in table 2.1.  

 

Type of exchange Property of exchange type 

1 By waste exchange 

2 Within a facility, firm or organization 

3 Among firms that are collocated in a defined eco-industrial park 

4 Among firms not collocated 

5 Among firms organized “virtually” across a broader region 
Table 2.1: Five different types of material exchange (Chertow 2000, p 321) 

 

Type 3-5 are according to Chertow (2000) forms of industrial symbiosis To make a 

distinction between industrial symbiosis and other types of exchanges, the ‘3-2 heuristic’ is 

implemented (Chertow 2007). This means that the basic type of industrial symbiosis must for 

at least exist out of three different entities that are involved in the exchange of at least two 

different resources (Chertow 2007). The differentiation made in table 2.1 presents that 

symbiosis not necessarily needs to occur within the strict boundaries of a “park”. However, 

the term eco-industrial park is a common term to describe firms that participate in exchange 

processes (Chertow 2000). In the sequel of this review, the concept of eco-industrial parks 

will be more elaborated.  

Researchers agree on the point that industrial symbiosis is a continuous process, which takes 

place over a long time. (Ehrenfeld and Gertler 1997; Gibbs and Deutz 2007; Konz and 

Thillart 2002) 
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2.1. The importance of Industrial symbiosis 
 

The main property of industrial symbiosis is the efficiently exchange of (raw) materials and 

energy between closely located firms. This property should create environmental benefits, but 

according to Chertow (2007) these are hardly been measured. In addition Gibbs and Deutz 

(2007) recognize the reduction of the environmental impact in some cases. However, it is 

according to them questionable into what way firms want to monitor or have developed 

targets on the reduction of environmental impact. Besides environmental benefits, Chertow 

(2007) mentions that there are a lot of other reasons to engage industrial symbiosis. Mostly 

these reasons are described as economical benefits (Konz and Thillart 2002; Lowe 1997; 

Ehrenfeld and Gertler 1997). These are the conventional business reasons; reducing cost with 

the aim to increase revenue that can be reached by resource sharing. In addition the security 

of long-term resources for example water, specific raw materials, and energy through 

contracts would be a reason to implement industrial symbiosis (Chertow, 2007). In 

contradiction with these economical benefits, Lambert and Boons (2002) mention that the 

increasing of by-product exchanges requires sometimes extra investments and these 

investments will not be done if economical benefits are the only incentives 

For the exchange of material and resources between firms, two basic opportunities can be 

defined (Lambert and Boons 2002; Chertow 2007); 

� The collective usage of waste streams 

� The collective usage of utilities/infrastructure  

Besides these two opportunities Chertow (2000) mentions that the collective use of services / 

facilities like fire safety and security, transportation and food provision, is also an opportunity 

for resource exchange. Lambert and Boons (2002) add two other opportunities; the exchange 

of materials and energy, and the exchange of residual products with remote firms.  

 
Figure 2.2: Industrial symbiosis (Lambert and Boons 2002; Konz and Thillart 2002) 

 

These opportunities are visualized in figure 2.2 and contain together an industrial symbiosis 

process. In figure 2.2, the arrows are material and energy streams, the dark dots are 

companies and the light dots are collective facilities.  

The required reduction of emission and the elimination of waste because of environmental 

regulations could also be a reason for pursuing symbiosis (Chertow 2007). However the 

importance of the social, environmental and regulatory drivers depends on the location in the 

world. But mostly these are less important than the economic drivers that include the 

competitiveness and profitability of the business.  
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Figure 2.3: Partners and profits of park management (Pellenbarg 2004, p 7) 

 

Figure 2.3 presents the profits that can be reached through the quality increase of the business 

site (Pellenbarg 2004). These benefits have to be experienced by all the stakeholders 

involved. However the presented benefits count for the revitalization of common business 

areas, which are owned by municipalities.   

2.2. Eco-industrial park 

 

Chertow (2007) mentions that industrial development is a form of economic development and 

therefore there is interest in implementing the concept of industrial symbiosis through 

developing eco-industrial parks.  

There are two most common cited definitions of an eco-industrial park (Chertow 2000) 

(Lambert and Boons 2002). One contains the societal aspect and takes into account the 

organisational and social relationships: 

 “A community of businesses that collaborate with each other and with the local community 

to efficiently share resources (information, materials, water, energy, infrastructure and 

natural habitat), leading to economic gains, gains in environmental quality, and equitable 

enhancement of human resources for the business and local community” (Chertow 2000, p 

320; Lambert and Boons 2002, p472; Gibbs and Deutz 2007, p1685) 

The other definition is about the technical performance and focuses on physical flows of 

materials and energy:  

“An eco-industrial park is a community of manufacturing and service businesses seeking 

enhanced environmental and economic performance through collaboration in managing 

environmental and resource issues including energy, water, and materials. By working 

together, the community of businesses seeks a collective benefit that is greater than the sum 

of the individual benefits each company would realize if it optimized its individual 

performance only.” (Chertow 2000, p. 320; Lowe 1997, p. 58; Lambert and Boons 2002). 

Besides these most commonly used definitions of an eco-industrial park, the definition is still 

evolving (Côté and Cohen-Rosenthal, 1998). 

Developing eco-industrial parks by using industrial symbiosis is according to Chertow (2007) 

for three reasons: The first reason is trying to generate job growth. Secondly, the sustainable 

development is tried to be encouraged. A third reason for implementing the industrial 

symbiosis concept is trying to revitalize city and country sides, the so called Greenfield 

projects (Lambert and Boons 2002). Konz and Thillart (2002) also mention that industrial 

symbiosis will be very helpful in the revitalizing of obsolete and redundant business areas, 

Lambert and Boons (2002) call this the Brownfield projects. At the same time they mention 

that it is often a combination of greenfield and brownfield development projects, because 
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greenfield projects are expanding and ageing relatively fast. In addition could companies 

make space at the site for revitalization activities due to outsourcing and leaving. In this way 

the industrial site turns into a brownfield project.  

Outsourcing by companies will motivate the development of eco-industrial parks, because 

“outsourcing even might stay at the basis of eco-industrial park initiatives that are based on 

industrial symbiosis” (Lambert and Boons 2002, p 477). This fits with the comments that 

Konz and Thillart (2002) provide. They mention that industrial symbiosis connects to the 

current attention of cooperation between companies, after a period of splitting up production 

facilities.  

However, Gibbs and Deutz (2007) notice that the economic success is the most important 

motivating factor, because if an eco-industrial park fails economically, there will be neither 

environmental nor social benefits. But at the same time Chertow (2007) notices that 

environmental benefits of ecosystems are greater than standard industrial networks. This will 

result in an increase of public support for these eco-industrial systems.  

Côté and Rosenthal (1998) provide a list of properties that an eco-industrial park at least 

should have in comparison with a traditional industrial park (Table 2.2).  

 

Define the community of interests and involve that community in the design of the park. 
Reduce environmental impact or ecological footprint through substitution of toxic materials, 

absorption of carbon dioxide, material exchanges and integrated treatment of wastes. 
Maximize energy efficiency through facility design and construction, co-generation, and cascading. 
Conserve materials through facility design and construction, reuse, recovery and recycling. 
Link or network companies with suppliers and customers in the wider community in which the eco-

industrial park is situated. 
Continuously improve the environmental performance by the individual businesses and the 

community as a whole. 
Have a regulatory system which permits some flexibility while encouraging companies to meet 

performance goals. 
Use economic instruments which discourage waste and pollution. 
Employ an information management system which facilitates the flow of energy and materials within 

a more or less closed-loop. 
Create a mechanism which seeks to train and educate managers and workers about new strategies, 

tools and technologies to improve the system. 
Orient its marketing to attract companies which fill niches and complement other businesses. 
Table 2.2; properties of eco-industrial park compared with traditional industrial park (Côté and Cohen-

Rosenthal, p 188)  

2.2.1. Example of Eco-Industrial Park  

An example of a highly evolved industrial eco-industrial system is located in Kalundborg, 

Denmark (Ehrenfeld and Gertler 1997). It is many times described and mentioned in 

literature (Chertow 2000, 2007; Desrochers 2004; Lambert and Boons 2002; Ehrenfeld and 

Gertler 1997). Desrochers (2004), Lambert and Boons (2002), mention it even as the most 

prominent case of industrial symbiosis. For that reason the main properties of the case will be 

mentioned.  

The primary participants in the symbiosis process at Kalundborg are; a power station, 

gypsum board facility, pharmaceutical plant, an oil refinery and the City of Kalundborg 

(Chertow 2000). According to Chertow (2000) Kalundborg is a type 4 material exchange 

process (table 2.1). The participants noticed only after some years their already existing 

cooperation’s and exchanges. It developed spontaneously due to pursuing certain business 

goals. These goals were driven by market values, such as cost reduction, business expansion 
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and increasing revenue (Chertow 2007; Lowe 1997). This is also one of the two most 

important conclusions that can be drawn about the Kalundborg case (Chertow 2007).  

Because of the self-organizing property it will not be easy to transfer the development pattern 

of Kalundborg on to Greenfield projects (Ehrenfeld and Gertler 1997). As soon as the 

exchanges are known, these can be optimized and new streams can be introduced by use of a 

coordination function (Chertow 2007). This is the other fundamental conclusion of the 

Kalundborg case. 

 
 
Figure 2.4: Industrial symbiosis at Kalundborg (Chertow 2000;Ehrenfeld and Gertler 1997) 

 

2.2.2. Factors of failure implementing industrial symbiosis into industrial parks 

Previously, important benefits of implementing industrial symbiosis have been described. 

They are beneficial for firms and also for the environment. If this is considered than it would 

be obvious to believe that industrial symbiosis at industrial parks would take a steady 

development. However, the reality is different. A lot of plans are made, but only a few are 

operational. In this section an overview of reasons why this is happening is presented.  

 

To create closed material and energy loops, often high transaction costs are made to indentify 

and transfer the waste (Ehrenfeld and Gertler 1997). Moreover new technical solutions have 

to be introduced. In this way plans are made but after financial calculations the plans are 

cancelled because of payback times of the necessary investments of more than 30 years 

(Lambert and Boons 2002). Besides this, Ehrenfeld and Gertler (1997) state that, to lower 

transportation cost and preventing lose of energy, firms have to be located close to each 

other. This is, due to economic and other aspects, not always possible.       

Most symbiotic plans are therefore, according to Lambert and Boons (2002) not based on 

sustainability but on economical issues. 

Another barrier of introducing waste exchange could also be the differences of opinion 

between firms. These quarrels could be about different interests for the by-products, or about 

payment agreements. Therefore trust between the firms is necessary in order to create 

sustainable contracts among the contestants (Ehrenfeld and Gertler 1997).  

 

Konz and Thillart (2002) have set up fail factors of implementing industrial symbiosis into 

industrial parks (table 2.3).  
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Factors of failure explanation 

Type of process (innovative / complexity) 

Lack of; commitment / trust / basis / confidence 

Vague; communication / appointments / competence 

Organization / Process 

Choice of type of project could create high running time / slow 

progress 

Content Lack of experience and knowledge 

Vagueness about project goals 

Lack of understanding / knowledge / experience Financing / economical 

Financial risks / issues 

External project factors  Impediment through policy / execution / lawmaking  

Table 2.3: reasons of failure by implementing industrial symbiosis at industrial parks (Konz and Thillart 2002) 

 

Chertow (2007), Ehrenfeld and Gertler (1997), Lambert and Boons (2002) have provided a 

more complete overview of the most common barriers against implementing industrial 

symbiosis. The outline presented in table 2.4 is therefore a combination of the point of view 

of these researchers. This overview could serve as a guideline for companies. 

 

Category of  barrier Explanation 

Exchange is technically not possible (location, no proper exchange possible) Technical 

Lack of technical knowledge to successful introduce new possibilities 

Difficult to find new waste uses Informational 

Hard to gather information about another company’s in- and outflows 

Risk of using waste streams without having reliable market for it  

Investments with high payback times 

Economical / financial 

Operational costs 

To complex or innovative process 

Vague communication / appointments / competence 

Regulatory  

Project goals are not clear 

Motivational  Lack of; commitment / trust / basis / confidence / cooperation 

External Impediment through policy / execution / lawmaking 

Table 2.4: Composition of barriers / factors of failure against successfully implementing industrial symbiosis 

(Ehrenfeld and Gertler 1997; Chertow 2007; Lambert and Boons 2002; Konz and Thillart 2002).  

 

Besides these barriers against implementing industrial symbiosis, Lowe (1997) describes 

potential risks to which companies could be faced with if they want to be part of by-product 

exchange:  

• By using the by-product of each other there will be a depended relationship between 

the involved parties created. This could have big consequences if one of the parties 

quits or changes his conduct of business 

• Through information sharing about a company’s input and output flows, confidential 

information could get in hands of competitors. In addition gathering this information 

is, according to Ehrenfeld and Gertler (1997) often difficult and costly to gather.  

• If the quality of the by-product is not roughly equal, it could cause damage to the by-

product exchange process. 

 

Firms have to take these risks into account when deciding to participate into by-product 

exchange. However these risks seem to be less important in comparison with the previously 

mentioned factors of failure, because besides Lowe (1997) no other researcher mentioned 

them.   

Finally, Ehrenfeld and Gertler (1997) mention that there is also a barrier to successfully 

implementing industrial symbiosis, that has to deal with the way of thinking of firms. Waste 

has been generally accepted for over a long time. If firms therefore want to change their 
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waste politics than they mostly have to change the point of view of the business. And this 

could be a hard process. But according to Ehrenfeld and Gertler (1997) and Boons and Baas 

(1997) is this process more and more happening.   

2.2.3. Development of Eco-industrial park 

As described in the previous section, the successful development of the concept of industrial 

symbiosis at eco-industrial parks depends on multiple factors. Through the experiences out of 

other industrial symbiosis cases, like the Kalundborg project, Konz and Thillart (2002) 

provide a standardized process that is developed to implement industrial symbiosis into 

industrial parks. This process can be divided into three sub steps and are divided into a 

strategically and an operational cycles. These cycles have to be seen as a continuous process  

(Konz and Thillart 2002):  

1.  integral analysis of the internal and external neighbourhood  

2. translating the result of the analyse into a strategy or master plan 

3. managing the master plan 

The most importance advantages of these steps are the usability for companies as well for 

government, the association with ideas and interests of other parties and the structural and 

systematically character (Konz and Thillart 2002). In performing these steps park 

management and government has a major role.   

2.2.3.1. Park management / site management 

Most cases about industrial symbiosis described in literature evolved spontaneously. For 

example the Kalundborg case. However, the suggestion of different authors and development 

officials is that better results of industrial symbiosis will be obtained by public planning 

(Desrochers 2004). According to Roberts (2004), the weakness of detailed planning and 

analysis is the major cause of failure of eco-industrial development. His advice is therefore; 

careful marketing analysis and management analysis. Other authors have the same 

recommendations that an organizing team can have a major contribution in successfully 

implementing symbiosis at industrial parks (Lowe, 1997; Lambert and Boons 2002; Konz 

and Thillart 2002; Pellenbarg 2004). Konz and Thillart (2002) also mention that park 

management is necessary to strategically and operational manage the activities that occur out 

of the developments of industrial symbiosis. 

This park management is also described as organizing team or site management and is 

defined as:  

“a method to manage the entire process of design, development, distribution and 

management of both site and buildings of business locations” (Pellenbarg 2004, p5) 

Park management has to fulfil different tasks to motivate industrial symbiosis at the eco-

industrial park. The most important one is to create cooperation between the involved parties. 

This not only contains cooperation between companies, but between every stakeholder, 

including (local) government and other interested parties (Lambert and Boons, 2002; 

Chertow 2007; Lowe 1997). These stakeholders can be divided into business and social 

partners (Konz and Thillart 2002). In this coordination process, the valuation of the 

contribution of every partner has to be taken into account, and is according to Konz and 

Thillart (2002) and Pellenbarg (2004) of major importance and the first steps in the park 

management process. Pellenbarg (2004) mentions that creating sustainable land use on 

business parks is one of the most important activities of park management. Konz and Thillart 

(2002) list the strategic and operational activities for park management: 

� network identification of external and internal environment 

� investigation of baseline 

� organisation and realization of projects 
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� reappraisal of strategy  

 

� network identification of external and internal environment 

The possibilities and interests for industrial symbiosis have to be explored. This identification 

has to be done at all the stakeholders. These stakeholders can be divided into business and 

social partners as mentioned before. Park management could also fulfil the communication 

role between the social and the business aspect. Lowe (1997) mentions that potential firms 

have to be screened on their trustworthiness, willingness to corporate and their environmental 

management. Economical aspects do not have to be leading.  

� investigation of baseline 

This step contains; the monitoring of the start situation with its opportunities and threats, 

editing a first strategy and an investment analyze. Through presenting a clear statement of the 

park’s vision and strategy, values and performance objectives, potential candidate firms know 

what they can expect and what will be expected from them (Lowe 1997). Pellenbarg (2004) 

calls this the setting of admission rules for the park. 

� organization and realization of projects 

Park management has to organize a project group for every project. This project group has to 

realize the project and will stay in contact with the project group about the continuation.  

� reappraisal of strategy 

This step involves continuously adjusting the strategy to requirements of the internal and 

external network, for example; companies and government, because companies want to 

innovate and the environment changes over time. This will result in a continuously improving 

business area. 

 

 
Figure 2.5: the ladder of park management activities (Pellenbarg 2004, p 14) 

 

Park management also has to coordinate the collective use of facilities (Lambert and Boons 

2002). Pellenbarg (2004) provides an instrument the, so called, ‘ladder of park management 

activities’ in which he mapped the activities of park management and can be seen in figure 
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2.5. This ladder is involves the park management activities from coordination of collective 

facility use to the coordination of exchange processes. The list is not exhaustive.  

In the ladder, the collective use of transport facilities is mentioned. Lambert and Boons 

(2002) also address this option. They even mentioned the example of a container terminal 

that is collectively used, but formerly was owned by one single company. These kinds of 

possibilities have to be recognized and analyzed by park management.  

 

2.2.3.1.1. Organisation of park management 
Pellenbarg (2004) mentions that park management is, most successful when private parties 

are involved in the organization. In addition he mentioned that government could also be part 

of or fulfils the role of park management, however in the Dutch situation, government 

sometimes tries to gather a (too) dominant position in the park management organisation and 

this is not recommended. More about the role of the government in the development process 

of industrial symbiosis in next session. Besides this, Pellenbarg (2004) also advices to, give a 

(big) company a large part of participation in the park management organisation. This will 

enhance the process of finding firms that want to participate in the rules set by the park 

management.   

 

Konz and Thillart (2002) mention that park management has to be custom made and not 

standard. It should fit with the needs of the business area and has to be build step by step.  

In addition recommend Pellenbarg (2004) that park management should be based on the 

communicative and consensus approach and not on the technical planning approach.  

 

2.2.3.1.2. Anchor tenant  
The recruiting of an anchor tenant is also a useful tool to motivate the development of 

industrial symbiosis (Lowe 1997). Through its major in- and outputs, this anchor tenant can 

attract other companies to exchange the by-products or other resources with. Lambert and 

Boons (2002) notice about this anchor tenant option that these function at brownfield 

projects, and that this function can be fulfilled by relatively large-sized and environmentally 

significant companies that previously where the core business at the site. 

As mentioned in previous section, this anchor tenant could also fulfil a major role in park 

management.  

 

2.4. Policy and Industrial symbiosis 
 

Not only companies are responsible for successfully introducing industrial symbiosis, 

policymakers also could influence the process. This could be in a beneficial or an 

unfavourable way. Therefore, Konz and Thillart (2002) mention that the slow development of 

sustainable business has to do with the current organisation structures, laws and lawmaking. 

Furthermore the social aspect and the economic aspect, as mentioned before, influence this 

process. Success of this process depends according to Konz and Thillart (2002) from 

government policy and the initiative of the industry. They notice that implementing industrial 

symbiosis will only be successful if both government and industry are willing to deliberate 

with each other and are prepared to make tradeoffs. In addition, Gibbs and Deutz (2007) 

notice that, without political motivation, industrial ecology cannot be successfully 

implemented and Boons and Baas (1997) state that collaboration between firms in the 

product chain can be triggered by governmental organizations. 
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To influence the economic aspect, public intervention is needed to create a more favourable 

economic situation in terms of the investments, which makes industrial symbiosis 

economically more attractive. (Ehrenfeld and Gertler 1997).  

In this way, industrial symbiosis might be more or less subsidised. However, policy makers 

could also enforce the waste exchange between firms. If they set up regulations, for example 

requiring reductions in emission, firms could have no other alternative than cooperating with 

each other.   

With this in mind, a closer look is needed to the point of view of Desrochers (2004). He states 

that policies have to be encouraged to remove obstacles to industrial symbiosis. As examples 

he describes price distorting subsidies and regulations that hinder the by-products exchange. 

In addition, Konz and Thillart (2002) notice that the government has to apply its 

environmental regulation to the economic situation and respond to firm practice.  

Looking to this research result, it can be said that policymakers can motivate industrial 

symbiosis but at the same time they can upset the industrial symbiosis process.  

 

However, government has to take into account not only the economic aspect but of course 

also the societal aspect. The problem of the social aspect is that society increases its 

resistance against excessive environmental impact (Konz and Thillart 2002; Boons and Baas 

1997). A lot of examples can be brought forward in which this society pressure companies 

forced to change their way of doing business. The pressure out of society is mostly based on 

the traditional cliché that a smoking chimney in the process industry also causes pollution 

(Konz and Thillart 2002). However due this societal pressure, firms are more and more 

focussing on sustainability and therefore restructuring their organizations (Boons and Baas 

1997).  

Because industrial ecology systems deliver greater public benefits then traditional industrial 

systems, firms need public assistance to keep delivering these benefits, otherwise they will 

not deliver them enough (Chertow 2007). Therefore, Chertow (2007) provided three ideas for 

government and business to create these benefits and speed up the development process of 

industrial symbiosis: 

� Researchers can assist companies by mapping the opportunities of exchange. 

Because they have experiences in analyzing material and waste streams, and 

an external vision into a company could provide new insights.  

� Help business to use the exchange opportunities between industries from 

different sectors through providing sustainable commercial opportunities. A 

proved method to do this is to create institutional programs. 

� Forerunners of industrial symbiosis have to be assigned. These forerunners 

can be the activator of further symbiotic development. An example of an 

antecedent could be material exchange process that already exists, such as 

steel slag to cement (Chertow 2007)   

 

Regarding the spatial planning policy, Pellenbarg (2004) advices to have coordination, 

between local governments, to prevent unnecessary competition between available business 

sites. In this way will according to him, the chance of success of park management rules be 

increased  

 

To create the ideal industrial symbiosis environment, Konz and Thillart (2002) recommend a 

flexible government and companies that have to be responsible for implementing agreements. 

However government has to monitor the progress of the execution of the agreements and 

have consequences available if the agreements are not made. These agreements about 
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environmental, economical and spatial objectives have to respect the motivation of every 

stakeholder in the process. 

In addition they mention that government hast to act more as a company through taking more 

risk, but at the same time guarantee their social aspect to its citizens.  

 

2.5 Conclusion 

 

Industrial symbiosis is described in literature as a useful concept for revitalization of a 

business area. It will deliver different benefits. In this way the existing industrial park can be 

turned into an eco-industrial park. However to make the implementation successful the 

success and fail factor have to be taken into account. In addition the right coordination 

process has to be started.  
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3. Environmental aspects 
 

New developments at the business area and at the quay have to be monitored against the valid 

regulations. In the Establishment License
1
 in compliance with the Environmental Law

2
, 

environmental restrictions that influence the plan of the new quay are described.  

The legal restrictions that influence the plans at the quay are principally about noise and dust 

emission. Besides these legal regulations, agreements made in the Plan of Transformation 

have to be followed (Cauberg-Huygen 2010). In order of the Plan of Transformation new 

developments will also tested against a “Transformation test”.  

3.1. Noise production 
 

According to consultancy Cauberg-Huygen (2009)
 3

, the noise emission situation of ENCI to 

the environment is complex, due to the presence of a lot of noise emitting sources and the 

influence of buildings and quarry walls on the noise emitting.  

The noise production of ENCI is restricted in a noise production zone (Appendix IV). The 

control of the noise regulations are according to the Law of noise pollution and the Decree 

noise pollution (Besluit van Gedeputeerde Staten van Limburg 2010). The maximum 

production, is legally bind conform the boundary limits of a zoned business area mentioned 

in the Law of noise pollution. This noise production is limited to an average of 50 dB(A) per 

24-hours. For houses and other sound sensitive objects within this area, particular limits are 

defined (Besluit van Gedeputeerde Staten van Limburg 2010).   

To control the defined limits, in the noise production area, observation points are set up 

(appendix V). The corresponding noise limits can be seen in table A-VIa (appendix VI) and 

are daytime depended. Concerning sound peaks, no boundary limits are described in the Law 

of noise pollution, however a maximum of 70 dB(A) in daytime, 65 dB(A) in evening hours 

and 60 dB(A) in night period is acceptable (Besluit van Gedeputeerde Staten van Limburg 

2010).  

To execute control of the determined noise emission, real control measurements take place at 

observation point MP1 until MP5 of the above mentioned observation points.  

 

After 2019 the clinker production facilities at ENCI will end. This will have consequences for 

the sound production. Consultancy Cauberg-Huygen (2009) made a prognosis of the future 

noise production if the clinker production facilities including the quarry are finished and only 

the cement production will continue (table A-VIb, appendix VI).  

 

Remarks on table A-VIb (Cauberg-Huygen 2009): 

• Four groups of noise emitting sources are included for the future unloading  

facilities at the shore. Each of these groups represents the noise production of the present 

‘topperkraan’ unloading facility including hopper. Composition of one of these groups 

can be seen in table A-VId, appendix VI. 

                                                
1
 Besluit van Gedeputeerde Staten van Limburg d.d. 5 januari 2010, om aan Heidelberg Cement Group ENCI 

BV, vestiging Maastricht een oprichtingsvergunning in de zin van artikel 8.1, eerste lid, onder a en c, van de 

Wet milieubeheer, te verlenen ten behoeve van de klinker- en cementproductie binnen de inrichting gelegen aan 

Lage Kanaaldijk 115 te Maastricht; 
2
 The Environmental Law = Nederlandse Wet milieubeheer (Wm) 

3
  “Akoestisch onderzoek geluidproductie van de gehele inrichting naar de omgeving toe d.d. 27 april 2009” as 

part of “MER Klinker en cementproductie ENCI BV Maastricht d.d. 11 mei 2009” (ARCADIS 2009c) 
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• The maximum noise production values will be estimated as minimal 3 dB(A) above  

the long-time average displayed in table A-VIb 

 

A comparison is made between the expected future situation after 2019 and the allowable 

situation according to the Establishment License of 2009 for the observation points (table, A-

VIc, appendix VI).  

 

Remarks about table A-VIc (Cauberg-Huygen 2009); 

• The future noise production is generally lower at the observation points and at the 

boundary limits.  

• The largest noise reduction is expected in west, south-west and north-west direction,  

because of ending of activities in the quarry and clinker production.  

• Hardly no noise reduction is expected at East side, because of increase of activities  

at quay.  

• The noise emissions of new activities are not included. 

• For shipping there is no noise emission zone (Ecorys & Witteveen+Bos 2007).  

Only the generators on the ship can produce noise. However the most ships are equipped 

with prevention measures to reduce this noise. 

Therefore it will be necessary for new developments in this zone, including developments at 

the new quay, that the noise production has to be analyzed again, and checked against the 

future regulations. However in the Plan of Transformation an agreement is made that, at the 

East side, the noise production of ENCI and of new companies at the business area will be 

kept within the limits of this boundary line. This will also count for the new extra activities at 

the quay (PvT 2009). According to the sound production calculations of Cauberg-Huygen 

2009, in the future situation an increase of sound emission will occur at observation point 6 

and 14. In the rest of the noise production zone there are possibilities for new activities as can 

be seen in the increase of available sound production space.  

To prevent noise exceeding problems Cauberg-Huygen (2009) therefore advices to move the 

sound production zone eastwards. However this option has to be evaluated first and in the 

rapport about the “Transformationtest” (Cauberg-Huygen 2010) is mentioned that chances to 

this zone are not an issue at this moment. It is preferred to take measures to keep the noise 

production within the boundary limits. Therefore it will be necessary to reduce the noise 

emission at the quay as far as possible, because in this way, there will be extra noise emission 

available for other activities at the business area, without exceeding the boundary limits. 

3.2. Dust emission 

 

Dust emissions can take place at different activities and handlings of the (un)loading process.  

(Infomil 2008; Tauw 2009) and depends on a lot of variable parameters; kind of product, 

wind speed, way of handling with equipment and the technology used (Vrins & Elshout). 

These and other parameters that effect the dust emission can be seen in table 3.1. 

The most important activities of the (un)loading process are presented in figure 3.1. With 

‘stock of material’ is mentioned; the stationary stock of bulk goods in silo’s, halls, and in 

different means of transport. The unloading process at ENCI is slightly different from the 

process which is shown in figure 3.1 and can be seen in figure 3.2 
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Figure 3.1: Most important activities and handlings of the (un)loading process that can cause dust emission 

(Infomil 2008) 

 

Due to an increase in (un)loading activities at the quay the emission of rough dust is expected 

to increase. In The Plan of Transformation (2009) a statement is mentioned that ENCI will 

only get a licence for these extra (un)loading activities, if it has taken provable prevention 

measures to reduce nuisance by dust. These prevention measures have to be taken as 

described in the BREFs. More about these BREFs in sequel of this section.  

The principle of these measures is that at the source no direct visual dust emission is 

noticeable (Besluit van Gedeputeerde Staten van Limburg 2010). Besides these prevention 

measures emission can be reduced by ‘good housekeeping’ (Infomil 2008). Examples of 

good housekeeping are; cleaning, organisational measures and management measures (Tauw 

BV 2009).  

 

 
 
Figure 3.2: Unloading process at ENCI with most important activities and handlings that can cause dust 

emission based on figure 3.1 

 

In the deliberation about the prevention measures between the Licence conferrer and 

companies, the cost aspect also plays an important role. The duty of the License conferrer is 

to use the ALARA-principle
4
 and the companies have to strive to minimize costs (Infomil 

2008). Besides this, the effort a firm puts into prevention measures have to be in comparison 

with efforts taken in the rest of the industry sector. To test this effort, the cost efficiency of a 

prevention measure can be used (Infomil 2008).   

 

The Dutch Guide of Emission
5
 (NeR) (Infomil 2008) describes the amount of emissions of 

‘total dust’ into the air of the different components in relation to the flow (kg/hour). Total 

dust can be divided into particle matter and rough dust (Infomil 2008). Generally the NeR 

(Infomil 2008) describes the amount of emissions that are reasonable with the use of the 

present prevention techniques and which are technically as well economically feasible 

(Besluit van Gedeputeerde Staten van Limburg 2010). However the NeR only serves as 

guideline and not as law.  

                                                
4
 ALARA-principle; As low as reasonably achievable; ‘meest recent en algemeen aanvaarde 

milieuhygiënische inzichten’ p38 NeR (2008). ALARA principle of legislator: high as possible protection of 

environment against acceptable costs (Infomil 2008)  
5 Nederlandse emissie Richtlijn, een uitgave van InfoMil, juni 2008 

stock transport pick-up deposit stock 

(un)loading 

deposit 

stock transport pick-up deposit stock 

(un)loading 
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Emission source parameter 

Deposit Kind of material 

Moisture content 

Wind speed 

Deposit height 

Wind erosion  Kind of material 

Moisture content 

Wind speed 

Age of stock (overgrowth, crust evolvement) 

Area  

Traffic Kind of material 

Moisture content 

Dust on roads 

Traffic intensity 

Traffic speed 

Maintenance heaps  Kind of material 

Moisture content 

Intensity of maintenance  

Table 3.1: parameters that effect the dust emission at emission sources (Tauw bv 2009). 

 

In the NeR(Infomil 2008) a classification is made for not reactive and non toxic products, 

based on the sensitivity drift and the possibility to prevent sand drift by use of moistening. 

This classification, ranges from S1 (highly dusty) to S5 (not dusty) and can be seen in table 

3.2. In this table the products that are necessary for the cement production and have to be 

shipped at ENCI are classified according to classification of Infomil (2008).  

The possibility of moistening depends on the industry sector and appliance of the product, 

because the product can technically be moistened but this could not be desirable for the 

appliance in the process. Therefore the authorized government can decide to which 

classification a product has to be assigned (Infomil 2008). According to the Decision of 

‘Gedeputeerde Staten van Limburg’ (2010) all the products that are mentioned in the 

Establishment License
1
 and are dusty are categorized in class S4 and S5 with the exception of 

cement and fly ash which are classified in category S1. These goods have to be stocked into a 

closed depository which has a dust reduction installation.  

 
Class Property Product  

S1 Strong blow sensitive, can not be 

moistened   

Cement* (moisture content 0,3%) 

S2 Strong blow sensitive, can be moistened   Gypsum** (rough with moisture content 33,5%) 

Blast furnace slag* (moisture content 0,2%) 

Fly ash */** (moisture content <1%) 

S3 Moderate blow sensitive, can not be 

moistened   

Gypsum  

S4 Moderate blow sensitive, can be 

moistened   

Clinker 

Blast furnace slag 

S5 Hardly or not blow sensitive  

* Based on measures of Lundgren method 

**Based on measures of EPA-micro-wind-tunnel method 

Table 3.2: classification of dust sensitive bulk goods necessary at ENCI for cement production (Infomil 2008) 

‘Klasse-indeling stuifgevoelige goederen’ 
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3.2.1. Best Available Techniques  

When an emission reduction measure has to be chosen in a cement industry, it is required to 

apply the Best Available Techniques (BAT) -principle conform the BREF for Cement Lime 

and Magnesium Oxide Manufacturing industries.   

BAT is part of the IPPC-regulation
6
 and “it takes into account the likely cost and benefits of 

measures as well as aiming to protect the environment taken as a whole to avoid creating a 

new and more serious environmental problem when solving another” (European Commision, 

1996 pi).  

These BAT are ordered in ‘Best available techniques Reference documents’ (BREFs). These 

BREFs provide information about the best available techniques for reducing emissions of 

processes and installations of a particular industry (Infomil 2008). Because the IPPC-

regulation is implemented in the Environmental Law
2
, the License appealer has to make sure 

that the establishment has taken all the necessary prevention measures by using the BAT 

principle (ARCADIS 2009b). For the Establishment License
1
 the following BREF documents 

are applicable; (Besluit van Gedeputeerde Staten van Limburg 2010). 

• Cement Lime and Magnesium Oxide Manufacturing industries (European 

Commision 2009)
7
 

• Emissions from Storage (European Commision 2006b) 

• Industrial Cooling Systems (European Commision 2001) 

The use of the BAT out of the BREFs can be compared with the statement of ‘stand der 

techniek’ in a licence (Infomil 2008). Applying the description of a mitigation effect of 

Backes et al. (2010), it can be said that using BAT can also be seen as a mitigation measure, 

because by using these techniques the adverse consequences of the project will less or not 

occur.  

For the process activities presented in figure 3.1, Tauw BV (2009) provides an overview of 

all techniques, optimum methods, and measures to reduce dust emission (Appendix VII) 

(Infomil 2008). By use of this overview the BAT for the activities in the unloading and 

material handling process of ENCI (figure 3.2) can be determined. The overview will be 

elaborated in the chapter about the unloading device.   

3.2.2. BAT+ 

To timely fulfil the European requirements of Particle Matter (PM10) and Nitrogen Oxides 

(NOx) emission in the Netherlands, the Dutch Coalition of Air quality (NSL) is established 

(VROM 2008). Measures in all sectors are necessary to meet these emission requirements 

(Tauw BV 2009). For reduction of PM10 and NOx emission at the industry, a particular plan is 

created. Because this plan is more about channelled emission and not much about diffuse 

emission, Tauw BV (2009) conducted a study in order of the Ministery of VROM about the 

possibilities to reduce the Particle Matter at stock- and discharging activities as part of the 

diffuse emission (Tauw BV 2009). To realize this reduction the use of BAT as described 

above is necessary, however it can be necessary to execute BAT+ measures.  BAT+ are more 

stringent prevention measures than BAT measures (Tauw BV 2009). It is juristic possible to 

enforce use of BAT+ in order to reduce the Particle Matter emission (Tauw BV 2009). 

However, this has to be analyzed per situation, and depends on the chance of exceeding the 

emission limits. Moreover this decision has to be tested against the ‘reasonableness-principle’ 

and depends on a lot of factors, for example: (Tauw BV 2009) 

                                                
6
 IPPC-regulation; Integrated Pollution Prevention and Control, directive 96/61/EC (European Commission, 

1996). 
7 Draft version. According to NeR (2008); new BREF is determined since 1 October 2010. 
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• technical feasibility of measure 

• economical feasibility of measure 

• geographical location of emission source 

• local environmental conditions   

Besides the analyze of the BAT by using these factors, the ‘cross-media’ methodologies will 

help to decide which option provides the higher level of protection to the environment in such 

local situations (European Commission 2006a). The BREF ‘cross-media’ methodology 

consist out of four steps in which can be determined what the BAT will be in a particular 

case. In addition a five step guideline is described which helps to determine the costs of the 

BAT.  

3.3. Transformation test  
 

To take into account the cumulative aspect of the emissions from the ENCI site, including the 

quay, the Transformation test is introduced. It has a normalizing and signalling function 

(Cauberg-Huygen 2010). This means that the test should be as completion on the exiting laws 

and not serve as replacement (Cauberg-Huygen 2010). 

Sound has a cumulative property, therefore the total noise production on the noise emission 

zones and the maximal allowable noise emission at control points (MTGs) has to be made 

visible by using the Transformation test. The test has to manage the noise emission zone 

(Cauberg-Huygen 2010). In this way their can be prevented that developments stagnate due 

to a lack of noise emission space, especially if the activities at the quay have increased.   

 

For the diffuse dust emission there is no cumulative effect. Therefore the Transformation test 

will only monitor if the prevention measures that are taken to reduce dust emission at the 

(un)loading process to a minimum, are adequate.  

3.3.1. Traffic 

The traffic from and to ENCI causes burden to the houses at the Lage Kanaaldijk / 

Maasboulevard (Cauberg-Huygen 2010). This traffic consists of trucks, vans and passengers 

cars and the allowed amount is set in the Environmental Law
2
. In this study is only focused 

on freight, cars and vans are not accounted. Due the stop of the clinker production the amount 

of traffic will decrease. In the MER is therefore a future amount of freight movements 

estimated (Cauberg-Huygen 2010) and this will serve as guideline.  

However, due to an expected increase in activities at the ENCI site, because of the 

Transformation process, the traffic can increase. But on the other hand; one of the agreements 

in the Plan of Transformation is to reduce the amount of freight movements on the Lage 

Kanaaldijk. Because of the amount of trucks that are estimated for ENCI use only, there is 

less space available for freight movements from other activities.  

In addition one of the agreements of Transformation Test is to monitor the burdening of the 

traffic to the houses at the road from ENCI terrain until the Kennedy Bridge (Appendix II). 

The relative and cumulative effect of the traffic in terms of sound emission and air quality 

will be determined (Cauberg-Huygen 2010).  

Because the ENCI site has a noise emission zone, the traffic generating to the establishment 

need not to be tested in accordance with the Law of noise pollution (Cauberg-Huygen 2009). 

Moreover this road is the only access road, passable for trucks, and therefore it will not be 

possible to prescribe requirements for i.e. another driving route to reduce the hindrance 

(Besluit van Gedeputeerde Staten van Limburg 2010).  
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However to lower the traffic intensity there has to be focused on transporting via the Maas. 

This could be goods as well passengers and particularly employees. Therefore is one of the 

conditions of new companies that want to establish at the ENCI terrain that they have to use 

water transport if possible (Werkgroep bedrijventerrein 2009).   

3.4. Conclusion 

 

Previous section presents that ENCI has to deal with different environmental restrictions. 

Regulations concerning dust and noise emission are of major importance for the 

developments at the quay. New unloading devices have to be constructed against the BAT 

principle conform the applicable BREF documents. The restricted amount of freight on the 

access road to ENCI has to be taken into account for the future developments of the ENCI 

site.  
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4. Current use of ENCI quay  
 

The current quay used by ENCI covers a total length of 1000 metres. Different activities take 

place at this quay area. These activities will be described in next session. In Appendix VIII a 

drawing of the ENCI landings stage area with its different activities can be seen.  

4.1. Loading and unloading of barges 

 

The current quay can be divided into two parts; a loading area and an unloading area 

(Appendix VIII). The ENCI quay is not directly connected to the ENCI terrain. A parallel 

road separates the shore from the ENCI terrain. Until approximately 1966 this road was a 

canal.  

The loading area is located at the north side of the ENCI quay. There are two loading points 

where the cement is loaded into the bulk-vessels. The cement is transported from the silos via 

conveyor belts over the road to both loading units. The conveyor belts are constructed in a 

closed bridge to reduce dust and noise and to keep the cement dry. The vessels are loaded via 

a flexible hose which is powered through a pneumatic installation. The dedusting in the 

loading system is done with filters.  

At the south side of the quay there are two grab-cranes located which take care of the barge 

unloading. The most northern located crane “buidelkraan” is mobile through rails. This is as 

well the oldest crane; the construction year is 1966, the lifting capacity is 12 ton and the 

unloading capacity is around 200 ton/hour. The other crane; “topperkraan” is constructed in 

1996, is stationary has a lifting capacity of 10 ton and a turnover of approximately 230 

ton/hour (table 4.1). The effective length of this part of the quay where barges can anchor is 

approximately 190 metres and has a concrete quay wall.   

The unloaded materials which are raw materials for the kiln as well for the cement milling are 

discharged into a filtered hopper and thereafter transported via conveyor belts into the plant. 

At the places were the materials are transferred to another conveyor belt, the dust is filtered. 

Sometimes it is necessary to transport raw-materials by trucks to the kiln. This can be done at 

the southern crane, where the trucks are filled by use of an unfiltered hopper. However this 

process is not necessary anymore if the kiln has stopped 

There are two locations for the unloading of fly ash. One is located at the north side of the 

unloading stage. Here the fly ash is unloaded and transported to silos via pipes. The fly ash is 

blown into pipes through air pressure provided by a blower at the barges. The other location 

is at approximately 90 meters of the south side of the unloading stage. The fly ash is also 

blown into pipes, but at this location a compressor on an anchorage delivers the necessary 

pressurized air. Because the fly ash from this location is used for the kiln, this installation will 

also be redundant if the kiln has stopped. The other installation has to be maintained.   

 

Unloading capacity ‘Topperkraan’ 

Monitored period (week numbers) Year Theoretical unloading 

capacity (ton/hour) 

Actual unloading 

capacity (ton/hour) 

2 30 2000 300 208 

1 52 2001 270 240 

1 51 2002 300 241 

Average 290 230 
Table 4.1: unloading capacity ‘Topperkraan’ based on OEE data 
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4.2. Other ENCI functions at quay 
 

At the quay area also a pier is located, at which in former times oil was unloaded, however it 

is not in use anymore. In addition water from the Maas is taken in and will be used as process 

and cooling water. This is done through a pump station in a basement located at the south 

side of the unloading quay. 

The rain-water that is collected on the factory terrain will be discharged in the Maas by a pipe 

at the north side of the concrete quay wall. A 40 bar natural gas pipe is situated between the 

quay and the road.    

4.3. Use of quay through external parties 
 

At the quay area a floating anchorage is in use by a company which offers circular cruises. 

The anchor is used as boarding area. Between the two loading points a concrete quay is 

located which can be incidentally used for the (un)loading of piece goods.  

4.4. Conclusion  
 

At the current quay most present facilities are only used by ENCI. The ‘oil pier’ is already 

redundant and the ‘kiln fly-ash’ unloading facility and the unfiltered hopper will be redundant 

after the kiln stops operating. In the rest of this study there will only be focussed on the 

unloading area of the whole quay. The loading facilities remain unchanged.  
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5. External logistics  
 

According to the future business plans the required goods will be delivered by vessels and 

barges. There are even possibilities to transport it with four-barge convoy sets. But whether 

this is the most economical and environmental beneficial way of transporting and whether 

this is possible taking the supply route into account will be elaborated in next paragraphs. 

Moreover an estimation of the expected transport cost will be provided.  

5.1. Transportation mode 

 

For the supply of clinker to the ENCI factory in Maastricht, two transportation modes are 

possible: by barge of by truck. 

Due to the location of ENCI alongside international waterways (ECE 2009), it would be 

obvious to use this opportunity for the supply of clinker. However, an international highway 

is also located nearby (see Appendix II). This could offer the opportunity to transport the 

clinker by trucks. Besides this, road transport has a high flexibility in short to mid-range 

distances and a fast response time, because of the high availability of trucks, in comparison 

with slow transportation modes (Kiesmüller, de Kok and Fransoo 2005). In addition 

Kiesmüller et al. (2005) mention that the cost of transportation by trucks is not significantly 

higher and it could sometimes even be lower than transportation by barge. Nevertheless the 

attractiveness and reliability of road transport decreases through problems such as congested 

roads and increasing transport cost (Kiesmüller et al. 2005). A comparison between the costs 

of road and water transport for the ENCI case will be elaborated further on in this chapter.   

Besides planning and cost arguments, environmental and social issues are also of major 

importance. Out of case study calculations of Royal Haskoning (2004) can be drawn up that 

inland shipping, from an environmental point of view, is an outstanding transport mode for 

the main step in the transport chain. This conclusion counts as well for the long distance as 

the short distance (60-150 km).  

The Flemish Institution for Technological Research (VITO) (2004 p.2) mentions even more 

concrete; “The total external costs of a barge are seven times lower as for road transport”. 

External cost contain all costs of a transport mode that are not settled into the market price 

and encloses the addition of fuel use, emission, noise production, congestion and safety 

(VITO 2004).  

Moreover in the time period 2010-2020, the environmental benefits for inland shipping are 

expected to increase due to extra reductions in emission because of technological 

developments (Royal Haskoning 2004; VITO 2004). Due to these better environmental 

benefits, inland shipping is also in the social context the best transporting option (Ecorys 

2010). 

These conclusions make it more attractive to use inland shipping now and in the future (after 

2020). This fits with the objective of ENCI to reduce the environmental impact of transport.  

An extra argument of transporting clinker by barges is that Kiesmuller et al. (2005) and 

Ecorys Nederland BV (2010) presented that, especially for low value items, the use of a slow 

transportation mode can be economically beneficial. Low value items are frequently bulk 

goods that are according to Kiesmuller et al. (2005) (by volume) low-density goods, for 

example bulk chemicals, sand, cement and various ores. Furthermore Harm en Willigers 

(2002) notice that clustering of business activities in close vicinity offers also opportunities 

for inland shipping.  
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5.2. Inland shipping 
 

In order of the Provincial Government of Limburg, Ecorys Nederland BV (2008a) conducted 

a study about the development of the shipping at the trajectory Ternaaien-Born in the period 

2020-2040. Prognosis where made about these time periods, in two economic scenario’s; 

Regional Communities and Global Economy. In this study of Ecorys Nederland BV (2008a) 

is presented that the total amount of vessels at the measuring point St. Pieter will decrease, 

but the amount of vessels in category BII (two barge convoy) will increase in both economic 

scenarios.   

TNO (2010) presents with a trend analysis in its study about the inland fleet development, 

that an increase of the loading capacity on waterways of CEMT
8
 class IV to VI can be 

expected in the period 2008-2020. The biggest increase will be expected in CEMT class Va, 

VIa, and VIIa vessel and barge convoys. These CEMT classes correspond to AVV class
9
 M8, 

M9, M10, M11, M12 and BII-6
10

. However in both prognoses the effect of the economic 

crisis that started in 2008 is not taken into account. TNO (2010) expects that the economic 

crisis will cause an overcapacity in the inland shipping until 2015. After 2015, it will be 

question worthy if the scaling in the inland shipping will continue at the same level as before 

the economical crisis (TNO 2010). For this study the effect of the economical crisis will be 

neglected, because only the maxim vessel size will be analyzed and not the expected amount 

of vessels and barge convoys.  

Because of the scaling in the inland shipping, new AVV classes for motor vessels are 

introduced. Class M12 contains the largest motor vessels of 135 x 17 meters (MARIN 2010).   

When the new nearby located sluice in Ternaaien is ready at the end of the year 2014 

(Werkgroep kade 2010), the river Maas is navigable for Class VIb barges with a maximum 

length of 195 meter and a maximum beam of 22,8 meters, until the ENCI quay.  

A Europa II barge
11

, excluding push boat, has a length of approximately 76,5 m a beam of 

11,4 metres and a load capacity of  1600 – 3000 tons (ECE 2009). A single barge convoy has 

a length of 96 -110 m and the ship’s hold has a length of approximately 65m.  

However due the scaling, barges could also have a length of 110m, the so called Europa II 

Long convoy
12

. This will result in a single barge convoy of maximal 136 meters.  

5.2.1. Supply routes 

The clinker will probably be supplied from Lixhe, Antoing and / or Antwerp. The blast 

furnace slag is and will probably be supplied from Ijmuiden. Because these are the most 

important supply streams, the supply routes from these places will be analyzed, with its 

maximum navigable vessel sizes. In appendix IX a map of the concerning inland waterways 

are presented.  
 

From Lixhe 
From the factory in Lixhe an average of 300.000 tons clinker can be supplied. The factory in 

Lixhe is located near the Albert Canal. This canal is navigable for barge convoys with a 

                                                
8
 An agreements about sizes of European waterways made by Conférence Européenne des Ministres de 

Transport (CEMT).  
9
 AVV class = classification made by ‘Dienst Verkeer en Vervoer’ (previously AVV) as part of Directorate 

General for Public Works and Water Management 
10

 http://www.informatie.binnenvaart.nl/algemeen/nederlandsebinnenvaart/474-scheepscategorien-

binnenvaart.html, March 2011 
11

 Is AVV class: BII-1 and BIIa-1 
12 AVV class BIIL-1 
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maximum size of 196 x 23 meters. This corresponds with four-barge convoy sets. It is also 

navigable for motor vessels with maximum size of 134 x 12,5m. The maximum draught at 

the Albert Canal is 3,4 metres
13

  

The trajectory has a length of approximately 8 km and can be tided over in one hour 

excluding the waiting and locking time of the sluice. If there is no waiting time the lock-

operation time of the sluice will be around half an hour (Vos 2010). 

 

From Antoing 
A maximum of around 800.000 tons clinker can be supplied from the clinker factory in 

Antoing. Clinker supplied from this factory can only be delivered with vessels or barges with 

a maximum size of 9,6 x 110 meters
13

 and a draught of 2,5 meters, because the factory is 

located near a Class IV waterway. This trajectory is approximately 260 km
13

. 

 

From the port of Antwerp 
It could be possible that clinker or other raw-materials have to be supplied from overseas 

external suppliers. In this case the clinker has to be shipped from the harbour of Antwerp via 

the Albert Canal to Maastricht. This transport route has a length of around 110 km
13

. 

 

From the North-side 

Blast furnace slag and also gypsum can be transported via the Juliana Canal and is possible 

with a two barge convoy set sequentially coupled (AVV class BII-2L), with a length of 190 

meters, a beam of 11,4 meters and a draft of 3,5m (Ministerie van Verkeer en Waterstaat, 

Rijkswaterstaat Maaswerken) These are the maximum sizes and will be possible after 2015, 

because presently the Juliana Canal is a Class Va waterway and will be upgraded to a Class 

Vb waterway.  

 

Scaling in the inland shipping will also be visible in the increased use of so called ‘vessel 

convoys’ (koppelverbanden) (Harm en Willigers 2002). For the previous mentioned supply 

routes it is of course possible to use these vessel convoys, as long as it does not exceed these 

maximum dimensions. And these dimensions which are given through the breadth of the 

waterways, the maximum draught and vertical clearance, will restrict the scaling (Harm en 

Willigers 2002). However due to uncoupling these convoys at smaller parts of the waterway 

there can be benefitted of the scaling (Harm en Willigers 2002). An example of a convoy 

could be coupling a motor vessel with a barge. This combination has a total length of around 

186 meters
14

.  

5.2.1. Transportation costs  

In table 5.1 and 5.2 an overview is presented of the transportation cost of the clinker from 

Lixhe, Antoing and Antwerp and the cost of water transport for the blast furnace slag from 

Ijmuiden.  

Table 5.1 presents an overview of the estimated expected cost for transport of clinker to 

ENCI via road. For the calculations a truck with a loading capacity of 30 ton and an 

allowance of € 80 / hour is used.  

 

The data in table 5.2 presents the transport cost of clinker via water and is provided by 

‘Bureau Voorlichting Binnenvaart’ (BVB) (2011). It is based on standard assumptions and 

                                                
13

 Promotie Binnenvaart Vlaanderen 2011: 

http://www.binnenvaart.be/nl/waterwegen/kaart_vlaamsewaterwegen.html update august 2009 
14 Va vessel + single barge = 110 m + 76 m = 186m  
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current market values and is only indicative. To reach the annual unloading capacity, the 

unloading time at ENCI has to be shorter than suggested by BVB (2011), therefore an extra 

column is added with the expected unloading time.  

This expected unloading time is based on the maximal available unloading time set in 

transport contracts made with the shipper. If the unloading time exceeds this agreed time then 

the shipper has the right to receive a previously agreed demurrage. In this case the transport 

cost will increase. As basis a maximum unloading time of 24 hours for 2000 ton is assumed. 

For more tons of load the maximum unloading time increases proportionally. Moreover the 

loading time is assumed to be equal to the unloading time.    

As can be seen in table 5.2, results this shorter unloading time into lower transportation costs. 

Therefore it is advised to invest as much as economically reasonable to shorten the unloading 

time as much as possible.  

More about the unloading time and required unloading devices will be elaborated further on 

in this study 

Comparing the transport cost per ton of the two transport modes there can be seen that water 

transport is much cheaper. However the most important argument for ENCI to not use road 

transport is due to the restricted amount of allowed trucks on the Lage Kanaaldijk as 

described in chapter 3. 

 

From Distance (single) 

(km) 

Travel time retour 

including 

(un)loading 

Transport cost / ton 

Lixhe 16 2 €      5,33 

Antoing 200 8 €    21,33 

Antwerp 110 6 €    16,00 
 Table 5.1: transport cost of clinker to ENCI via road 

 

In table 5.2 the vessel and barge sizes with the lowest transport cost per route are highlighted 

green. Data in red font are based on round trip calculations. This means that the vessel or 

barge returns its trip without cargo. If a vessel or barge has a single trip it will continue its 

trip with a new cargo loaded in the vicinity of the unloading place. The allocation of a single 

or a round trip to a vessel or barge depends mostly on (BVB 2011): 

- the availability of an empty vessel or barge in vicinity 

- the availability of new cargo in vicinity  

- the suitability of the load for the size of the ship, mostly depending on delivery 

address.  

 

From Lixhe a single barge convoy has the lowest transporting costs. In this case the barge 

will be left behind at the quay without push boat. Time necessary to move the barge from a 

nearby located quay to the ENCI quay is taken into account. Four-barge-convoy sets are even 

from Antwerp, economically not beneficial. This is due to different reasons (BVB 2011): 

- it requires a more expensive push boat with more power (2000 hp against 750 hp)  

- it requires more employees with a higher wage 

- it needs relative much manoeuvring time.  

 

Vessels with a size of 85 x 9,6 meter are the most cost efficient to transport material from the 

other locations. However in some cases the difference with other barge and vessels sizes is 

rather small and it could be possible that due to the scaling and changing of other market 

values in the sector larger vessels (until 135 meters) will be economically more interesting on 

the previous mentioned routes (BVB 2011). Moreover changing of some of the assumed 
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parameters can also cause other results. Therefore this cost calculation has to be done again in 

more closeness to 2018, to have more assurance in some of the parameters.  

Nevertheless, some conclusions can be draw out of these calculations, because of the high 

variation in transport costs: 

- A single barge convoy with a round trip will probably be the most cost efficient for 

transporting clinker from Lixhe.  

- Barge convoys, except for a single barge convoy, appear not to be cost efficient in the 

ENCI case.  

- The relative high transport cost from Antoing depends on the required usage of small 

vessels and barges due to waterway restrictions as mentioned before.  

 
 

 

* Vessel and barge type are suggested through Bureau Voorlichting Binnenvaart (2011) as most reasonable for these routes.  

** Standard values provided by Bureau Voorlichting Binnenvaart (2011) and is based on 2 days of loading and 2 days of unloading and 14 

hours of usage time 

*** Based on shorter unloading time because of required annual unloading capacity.  

Table 5.2: transportation costs of different transport routes with different vessel and barge sizes 

5.2.2 Amount of barges / vessels 

Assuming a supply of 800.000 tons of clinker from Antoing will result in maximum of 2,5 

vessels a day, with a maximum load of 1650 ton and within the counting environmental 

regulations. This amount of vessels will arrive in the period when the cement production 

peaks.  

The other 900.000 tons of raw-materials can be supplied with barge (convoys) and large 

motor vessels. Assuming an average load of 2500 ton per barge and vessel, the average 

required amount of barges arrivals per day has to be 1,5
15

. This results in an average handling 

of 4 barges and vessels a day.  

                                                
15

 Using 255 working days and assuming a minimum cement production of 80% of the average production and a 

maximum of 140 % as can be seen in figure 6.2.  

Supply 

from 

Annual 

amount 

(ton) 

Vessel 

type* 

(meters)  

Barge type* 

(meters) 

Loading 

capacity 

retour 

crossing 

time (days) 

standard ** 

retour 

crossing 

time (days) 

expected 

*** 

Transport 

cost / ton if 

crossing time 

= standard 

Transport 

cost / ton if 

crossing time 

= expected 

Lixhe 300.000 85 x 9,5  1500 4,3 2,3 €   2,58 €   1,39 

   76,5 x 11,4 2350 4,3 2,3 €   1,57 €   1,13 

  110 x 11,4  2700 4,3 3,3 €   2,42 €   1,87 

  135 x 11,4  3300 4,3 3,3 €   2,37 €   1,83 

  135 x 17  5500 4,7 4,7 €   2,72   €   2,72  

Antoing 800.000 85 x 9,5  1250 6,9 4,9 €   6,80 €   5,37 

   70 x  9,6 1680 8,1 6,1 €   9,41 €   7,79 

Antwerp 250.000 85 x 9,5  1500 5,3 3,3 €   3,81 €   2,63 

   76,5 x 11,4 2350 5,8 3,8 €   4,42 €   3,26 

   195 x 22,8 9400 8,8 8,8 €   5,42 €   5,42 

  110 x 11,4  2700 5,3 4,3 €   3,89 €   3,43 

  135 x 11,4  3300 5,3 4,3 €   3,83 €   3,29 

  135 x 17  5500 5,5 5,5 €   3,52   €   3,52  

Ijmuiden 270.000 85 x 9,5  1500 6,6 6,3 €   5,72 €   5,13 

   76,5 x 11,4 2014 7,6 6,6 €   7,46 €   7,20 

   195 x 11,4 4029 8,5 9,5 €   7,81 €   8,82 

  110 x 11,4  2455 6,6 6,6 €   6,32 €   6,32 

  135 x 11,4  3000 6,6 6,6 €   6,23 €   6,23 
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5.3. Conclusion   
 

Out of previous mentioned the conclusion can be draw that motor vessels and single barges 

that have to moor at the ENCI quay could have a maximum length of 135 meters. Convoys 

could have a maximum size of 196 x 23 meters. The beam does not really matter, because the 

operating range of the unloading devices can be adjusted. Supply from Antoing can only take 

place with small vessels and barges.  

Analyzing the transport cost calculations it can be said that a single barge convoy would be 

the most cost efficient option for transport of clinker from Lixhe. Transporting the material 

from the other mentioned locations vessels with a size of 85 x 9,5 meter appears to be most 

cost efficient. However due scaling and due to the assumptions done in the calculations it 

could be that the real cost will be different from the calculations and that another vessel or 

barge sizes would be more cost efficient. Therefore it is advised to take the maximum vessels 

sizes into account for the design of the quay lay-out.  
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6. Unloading device  
 

Because the current cranes are obsolete and have an unloading capacity which is not 

sufficient, there have to be new unloading devices installed at the quay. 

The new unloading devices have to fulfil different properties, which have to deal with; 

- unloading capacity  

- environmental friendly 

- economically the best option 

6.1. Unloading capacity 
 

The unloading capacity of the current cranes is 200 and 230 ton/hour. This is not sufficient to 

handle the future supply of material. The required unloading capacity for the supply of the 

raw-materials will be calculated in next session. 

6.1.1. Supply of material  

The maximum cement production capacity of the ENCI factory in Maastricht is 1.800.000 

ton. The expected maximum sales until 2018 and further on will not exceed the maximum 

production capacity, but will probably stay at the level of 1.100.000 tons (figure 6.3).  

As ‘fist rule’ for setting the amount of raw-materials it can be said: after 2018 ‘every ton of 

cement that is produced has to be supplied’. Until 2018 a substantial amount of limestone will 

be subtracted out of the quarry. This amount will decrease during the last years of excavating, 

because of the agreements that are made in ‘Plan of transformation’. However after 2018 no 

more limestone will be available in the ENCI quarry or in such a small amounts that this can 

be neglected. Therefore all the clinker necessary for the production of cement has to be 

supplied and will be delivered by barge. The supply of other materials stays the same as in 

the current situation. 

As a result, the total maximum supply of raw-materials, after 2018, will be; 1.800.000 tons. 

All the supplied materials can be described as bulk-materials. An overview of the maximum 

supply per kind of raw-material can be seen in table 6.1.  

 

material percentage in 

cement 

amount 

(tons) 

transportation 

mode 

Clinker 74 1.332.000 barge 

Blast furnace slag 15 270.000 barge 

Fly ash 3 54.000 bulk barge at loading 

area 

Limestone 4 72.000 truck  

Gypsum  4 72.000 barge 

Total 100 1.800.000  
Table 6.1: Amount and kind of material to be supplied, including the transportation mode 

6.1.2. Unloading capacity calculations 

The total amount of materials to be supplied is 1.800.000 ton. From this 1.800.000 tons, 93% 

(1.674.000 tons) will be delivered by barge, and has to be unloaded at the new quay (table 

6.1). The available working hours at the quay in accordance with the environmental 

regulations are 16 hours per day. For unloading capacity calculations the effective unloading 
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time for the quay equipment is assumed at five days a week 14 working hours per day. Due to 

holiday restrictions, there will be worked 51 weeks a year. This results in a total available of 

3.570 hours per year. Previously mentioned results in theoretical capacity of 476 ton /hour
16
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Figure 6.2: cement production per month over the years 2007 until 2010 

 

When analyzing the cement sales per month over the least four years (2007-2010) and 

including the prognosis of 2011, it can be seen that there are peaks in the cement sales  

(= production of cement) (figure 6.2). A peak arises when the production of cement is more 

than the average year production.  

These peaks occur in March-April and less in June, September and October. For calculations 

there is a maximum peak of 140% of the average year production determined.  

Due to no extra store capacity is desirable to accommodate the culmination in production, the 

supply of clinker’ also has to increase with the same amount. Therefore the capacity of the 

cranes has to be increased with 140% and will result in an unloading capacity of 667 ton / 

hour.
17

 

However some remarks have to be made on the calculated unloading capacity: 

• “Because the inter-arrival time of a barge is random variable” (in Bugaric and Petrovic 

2007 p1369) there is assumed that always a ship will be available for unloading. In addition 

ENCI has less or no influence on ship availability. It can only plan the ship arrival time as 

exactly as possible, however, this does not mean that ships also arrives at the requested time.  

Besides this, the ship arrival depends on water level and meteorological conditions which are 

generally unknown (Bugaric and Petrovic 2007). The Directorate General for Public Works 

and Water Management assumes the shipping obstructions due high water level on less then 

1% per year
18

 (Ministerie van Verkeer en Waterstaat 2006). So this does not really affect the 

average unloading capacity and can therefore be neglected.  

 

                                                
16

 Available working hours per year: 51 x 70 = 3570 

Theoretical minimal required capacity of crane: 1.700.000 / 3570 = 476 ton / hour 
17

 This results in an average unloading capacity of 476 ton / hour x 140 % = 667 ton / hour.  
18 Two days per year.  
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Figure 6.3: Annual cement sales of ENCI Maastricht for the years 2007 -2015. The years 2007 – 2010 contain 

already realized sales volumes. The sales volume for 2011- 2015 is based on prognosis of ENCI. The red bar 

presents the maximum production capacity.   

6.1.3. Unloading device efficiency 

In the years 2000-2001, the time usage of the present cranes has been reported (ENCI 2002). 

Out of these data it is possible to calculate the effective unloading time of the crane. With 

effective unloading time is meant; the time the crane is really unloading the ship. Only 

information from the “topperkraan” is used for this calculation. The reason for this is that at 

the “buidelkraan” 20 percent of the time stagnations occur. These stagnations can probably be 

assigned to the construction age of the crane, because these problems do not really occur at 

the “topperkraan”. This stagnation results in a low unloading efficiency.  

The unloading efficiency of the “topperkraan” is calculated on 60%. The usage of the other  

40 % can be seen in figure 6.4. Because of crane efficiency of 60%, the required average 

unloading capacity has to be 1112 ton / hour
19

. 

 

This required unloading capacity can be reach by installing two cranes
20

 with a turnover up to 

1000 ton / hour each (Kats 2010). These cranes have an average unloading capacity of 500 to 

600 ton / hour each, by using a grab volume of 15m
3
. In this way it will probably be possible 

to unload vessels with a load of 1350 tons in four hours and barges with a load of 2500 ton in 

7 hours.  

Because the required amount of vessels and barges per day, as mentioned in chapter 5.2 it is 

necessary to have at least two cranes.  

The capacity of previously mentioned cranes can be increased through installing a bigger 

grab. However, due to the sizes of the vessels and barges, this will probably result in a less 

                                                
19

 Because crane efficiency is 60%, the required capacity has to be; 667 / 60% = 1112 ton / hour  
20 Selected crane for this case serves only as example = Liebherr mobile harbour crane LHM 280 
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efficient way of working. This is also the case for larger dimensioned cranes; these cranes 

have a bigger grab to realize a higher capacity. 

If other devices are chosen for unloading, the required equipment depends on their capacity.  
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Figure 6.4: operating time usage of “topperkraan” including corresponding percentages  

6.1.4. Optimal unloading strategy 

Unloading devices, like cranes and their hopper, are the most critical parts in the overloading 

process (Demirci 2003; Bugaric and Petrovic 2007). To reduce these bottlenecks and to 

optimally use river bulk cargo terminals, with a big unloading capacity, Bugaric and Petrovic 

(2007) presented an unloading strategy. When applying this strategy the unloading capacity 

of vessels will increase without new capital costs. The issue of no extra capital costs counts 

only if two mobile cranes are available. 

Bugaric and Petrovic (2007) described a terminal with two unloading devices and two berths. 

The main property of the strategy is that at least one crane has to use its free digging rate 

during the whole unloading process. A schematic overview of the strategy is presented below 

in figure 6.5. 

The unloading process starts with two cranes unloading on the same vessel until 80 %
21

 of the 

material is discharged (figure 6.5a). Then one crane (crane 2) moves to the second vessel and 

starts unloading. In the mean time crane 1 is cleaning the first vessel (figure 6.5b). When this 

cleaning is finished crane 1 also moves to vessel 2. Both cranes unload until again 80% of the 

shipment is unloaded. At the same time at berth 1 the vessels will be changed (figure 6.5c). If 

again a fully loaded vessel is available at berth 1 and vessel 2 is empty for more then 80%, 

then crane 1 moves back to berth 1 and starts unloading. Crane 2 can now clean vessel 2. If 

this cleaning is finished, the whole process will start again as shown in figure 6.5a.    

                                                
21 80% = average free digging capacity (Bugaric and Petrovic 2007). 
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µ I = unloading rate at crane 1    µ II = unloading rate at crane 2 

µ1 = free digging rate      µ2 = cleaning rate  

Figure 6.5: Barge unloading devices working with strategy (Bugaric and Petrovic 2007 p. 1370).  

 

This strategy is also usable if the two vessels on the berth have different kinds of loading. 

However in this case, the unloading efficiency will decrease due to grab exchange for 

unloading of other material and some adjustments have to be made to the conveyor-belt to 

separate the material flows. Furthermore the obtained results of the study are useful for 

redesigning of existing terminals as well as for the design of new ones (Bugaric and Petrovic 

2007). What the real efficiency increase will be can only be known after simulating the model 

in the ENCI context. But the conclusion can be drawn that applying this strategy will increase 

the unloading capacity and flexibility.    

6.2. Environmental properties 

 

The environmental impact of the increased unloading and material handling activities at the 

quay have to be kept within the counting boundary limits of noise and dust emission as 

mentioned in chapter 3. It is even desirable to reduce this impact where possible. Reducing 

dust and noise emission will have two advantages; guaranteeing air quality which will reduce 

the nuisance for the neighbourhood and for other activities at the business area there is 

‘environmental space’ available in terms of noise and dust emissions (Vrins & Elshout). 

During the use of the current cranes environmental problems occur in relation to dust and 

noise emission. The cranes themselves are electrically driven, therefore their noise production 

is negligible. However, the depositing of the raw-materials in the hopper and the hitting of 

the grabber against the ship and hopper causes peak noises (Cauberg-Huygen 2009). 

Moreover the grabbing and deposition of the raw-material causes diffuse dust emission, 

through an overloaded grab or through a grab which does not close as required (Infomil 



 42 

 

2010). The wind will spread this dust into the neighbourhood, which is undesirable and not 

allowable in accordance with the Establishment License
1
.   

The environmental impact will be as low as possible by using the BAT for the unloading and 

material handling. In next session the BAT will be determined by using the scheme of the 

(un)loading process represented in appendix VII.  

6.2.1. Grabbing / picking up  

First, the BAT for the grabbing / discharging activity will be determined.  

Bulk cargos can be unloaded by grab cranes and by continuous unloading devices (Bugaric 

and Petrovic 2007; Infomil 2008; Kisslinger). First the usability of grabbers is analyzed.  

6.2.1.1. Unloading by grab 

In the Factsheets (Infomil 2010) that are based on the NeR (Infomil 2008) and the study of 

Tauw (2009), grabs are described as technical installations with two or more controllable 

grab jaws. It picks up the material through opening the grab jaws and penetrating into the 

material and thereafter closing again. When the material is discharged the grab bucket opens 

again. Grabs are generally used to move material from one place to another. Next mentioned 

properties of grabs are described in the overview of Tauw bv (2009) and in the NeR. 

The suitability of grabs is high because they are usable for a lot of materials varying from 

dust sensitivity class S1 until S5. In addition they are usable both for big and small 

companies
22

, because the capacity and ranch can be adjusted.  

The dust emission of cranes depends on; 

- kind of material 

- way of using grabber 

- kind of grabber 

- wind speed 

- discharging height  

Dust emission occurs during the whole cycles of the grab. 

To reduce or prevent this dust emission at grabs the following optimizing measures can be 

taken: 

- formulating usage code 

- maintenance plan 

- grab as spare part 

- optimised grabs 

- automation 

These measures will be described next.  

 

6.2.1.1.1 User code 
When the grab is carefully used the dust emission can be reduced (Tauw bv 2009). Carefully 

usage is according to Tauw bv (2009) determined as: 

- don’t use grab buckets that are open at the top 

- keep the grab jaws carefully closed 

- making no abrupt movements when swinging 

- open grab bucket slowly 

- open grab bucket as close as possible to deposit facility 

- open grab bucket only after it is into the ship’s hold or below edge of the hopper 

                                                
22

 Distribution based on factsheets NeR (Infomil 2008) 

Big company: >500.000 ton/year trans-shipment  

Small company: < 500.000 ton/year trans-shipment  
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- clean grab bucket after usage 

- close grab bucket before returning  

- moistening material (if possible) 

 

Besides these usage rules, weather conditions have to be taken into account when unloading 

in the open air. Wind speed and direction mainly influence the dust emission. In The 

Netherlands unloading activities will be stopped if the wind speed exceeds the values 

represented in table 6.2, depending on blow sensitivity of material (European Commission 

2006). Properties of the blow sensitivity of the material can be seen in table 3.2. 

 

Blow sensitivity class Wind speed Wind force 

S1 & S2 8 m/s  4 

S3 14 m/s 6 

S4 & S5 20 m/s 8 
Table 6.2: unloading activities have to be stopped when this wind speed occurs, depending on blow sensitivity 

of material (European Commission 2006). 

 

The BREF ‘Emissions from storage’ (European Commission 2006b) prescribes a decision 

diagram for a crane driver to decide when to stop unloading.  

Using regulations for unloading will prevent dust accumulation (Figure 6.6). Following this 

code will reduce the dust emission without extra investment costs, however this will also has 

its limitations. First of all, at ENCI not all prevention steps of the decision diagram can be 

taken, because moistened clinker is not desirable in further process steps (ARCADIS 2009). 

Secondly the previous mentioned usage rules can reduce the dust emission, but at the same 

time these rules also will reduce the unloading efficiency due the carefully unloading and 

stopping time because of weather conditions.  

 

6.2.1.1.2. Maintenance plan 
Material can be spilled when the grab bucket does not close properly, due to wearing out and 

being out of shape (Infomil 2010; Tauw bv 2009). A maintenance plan for the grab can 

prevent this dust emission due spillage, because due to maintenance these problems can be 

solved. This plan has to contain when and how the maintenance has to be done (Infomil 

2010).   

This prevention measure will cause extra maintenance costs, but will result in a reliable grab 

with hardly no dust emission.  

 

6.2.1.1.3 Grab as spare part 
If a grab spills material because it is damaged or worn out, it can be replaced immediately by 

a spare part grab (Infomil 2010). The availability of a spare part grab will require an extra 

investment and changing time. However this will result in less spillage of material and usage 

of a reliable grab.  
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Figure 6.6: Decision diagram for a crane driver to prevent dust accumulation (European Commission 2006b,   

p. 235)  

 

6.2.1.1.4. Optimised grabs 
In the BREF ‘emissions from storage’ (European Commission 2006b) the use of an optimised 

grab bucket is prescribed to reduce dust emission. This grab bucket should have the following 

properties; 

• it has to be closed at the top. In this way influence from the wind can be avoided 

(European Commission 2006b). This will cause a dust emission reduction of 50% in 

comparison with an open grab. However a totally closed grab bucket is not desirable, 

because repression air must be able to escape (Infomil 2010). 

• if it has a geographic shape and an optimal loading capacity, overloading can be 

avoided (European Commission 2006b).  

• a grab bucket volume which is higher as the volume given by the grab curve
23

 

• a smooth surface of the grab, to avoid material adhering (European Commission 

2006b; Infomil 2010; Tauw bv 2009). 

• an accurate operating sealing between the grab jaws. This can be done by using 

rubber, a ‘saw-tooth profile’ or overlap of the jaws (European Commission 2006b; 

Infomil 2010; Tauw bv 2009). 

• a horizontal closing curve, which will result in a reduction of deposit height. (Infomil 

2010; Tauw bv 2009). 

• the presence of wind-shields (Infomil 2010; Tauw bv 2009). 

Besides these adjustments to a grab bucket, it is recommend to use for every kind of material 

the corresponding grab bucket. This will prevent spillage due to use of a not ideal grab bucket 

An easy exchange system for the grabs will motivate this correct use (Infomil 2010; Tauw bv 

2009). These measures require the investment of extra grabs, and investing in optimised 

grabs.  

                                                
23

 “The grab curve is the curve that is described by the grab jaws while subsiding into the material” in 

European Commission (2006b) p 238. 
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6.2.1.1.5. Automation 
Automation is necessary to create the optimal unloading cycle, because this can not done by a 

crane operator (Bugaric and Petrovic 2007). However, full automation is expensive and 

therefore a semi-automatic unloading cycle is more practical feasible (Bugaric and Petrovic 

2007). 

If the grab crane is semi-automatized, the crane driver only has to control the crane during the 

pick-up phase. The grab is automatically send to the hopper, dumped out and returned to the 

ship. In this way the grab will have a constant optimal discharging height, which will result in 

less dust emission. Moreover the chance of occurrence of dust emission through failure of the 

crane driver will also be reduced (Infomil 2010; Tauw bv 2009).  

As mentioned before, the most noise emission during unloading exists, when the grab hits the 

hopper and the ship. Due to a more optimal unloading cycle a smoother crane operating 

process will occur, which will reduce the undesired swinging of the grab. In this way 

automation will reduce noise and dust emission.  

6.2.1.2. Types of grab cranes 

Different types of grab cranes can be constructed. Every type has its advantages and 

disadvantages. A mechanical slewing crane is a possible type of crane that could be used. 

This crane is specially developed for the unloading of bulk goods, but can also used for piece 

goods handling. It has a relative small construction size in comparison with is lifting capacity 

(Kats 2010).  

Also a gantry grab crane can be used. This type of crane only moves the grab linear, which 

results in less swaying of the grab and could therefore result in a reduction of the dust 

emission. However, when the unloading happens at relatively small (unstable) ships it will be 

hard to lift precisely, without continuously moving the crane. Moving costs time and will 

reduce the unloading efficiency.  

To reduce the swaying of the grab against the hopper and the vessel, the use of hydraulic 

cranes would be an option. However these cranes require a big construction size to reach the 

required capacity (Kats 2010). Moreover, the maintenance costs of these cranes would be 

higher due to the use of hydraulic components (HTC 2010). Nevertheless the most important 

drawback against hydraulic cranes is that these are not really suitable for the handling of 

piece good (Kats 2010). Therefore Kats (2010) recommended the usage of mobile slewing 

cranes.   

 

         

Figure 6.2.1: gantry grab cranes    Figure 6.2.2: Mobile harbour slewing crane 

6.2.1.4. Continuous barge unloading systems 

The use of a continuous unloading system will result in dust and noise emission reduction in 

comparison with the use of a grab (European Commission 2006b; Infomil 2010; Tauw bv 
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2009). There are different kinds of continuous unloading systems (European Commission 

2006b; Infomil 2010; Tauw bv 2009; Kisslinger), for example: 

- Pneumatic unloading  

- Bucket elevator 

- Screw conveyor 

- Chain unloaders 

All these techniques have their advantages and disadvantages; the energy use is in general 

higher in comparison with a grab crane but it is also usable for varied kind of bulk goods. 

However, in consideration with; Heidelberg Technology Center (HTC 2010), Kisslinger 

(2010) and engineers of other unloading devices manufacturers, the conclusion can be made 

that the continuous unloading devices which are presently on the market are not suitable for 

unloading clinker. Because clinker causes considerable abrasive wear inside the unloading 

devices, which result in high maintenance costs and intervals. This makes the system 

unreliable and expensive.  

Because over 50% of the supplied material will be clinker, it will economically be 

unattractive to install another application for the unloading of other goods then clinker. In 

addition a separate clinker unloading installation will reduce the flexibility and unloading 

efficiency of the new quay, because the unloading strategy of Bugaric and Petrovic (2007) 

can not be applied (see paragraph 6.1.4). In the rest of this research will therefore only be 

focused on grab-crane devices.  

 

 

Figure 6.2.3:  Hydraulic crane 

6.2.2 Deposit 

In this session the BAT for the deposit activity will be determined.  

6.2.2.1 Hopper 

At ENCI the cranes deposit the material into a hopper which brings the material on a 

conveyor belt. In this way a discontinuous material flow, can be transferred into a continuous 

material flow (Infomil 2010; Tauw bv 2009). The main problem in the deposit phase is the 

occurrence of dust. The dust emission occurs if the grab is open and a dust cloud could 

escape out of the hopper due to turbulence (Infomil 2010; Tauw bv 2009). The Factsheets 

based on the NeR (Infomil 2010) and Tauw bv (2009) prescribes different measures to reduce 

this dust emission and can be divided into additional measures and optimization measures. 

Additional measures; 

- moistening 

- wind reduction 
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- extraction 

Moistening the material, to reduce diffuse dust emission is not desirable as mentioned 

previously in paragraph 6.2.1.1.1. Wind reduction measures will cause a decrease in dust 

emission of about 20-95% depending on; the kind of material, the type of wind reduction 

measure and the activity (Infomil 2010).  

Dust extraction is an effective way to reduce the dust emission, because a well-designed fully 

enclosed extraction system with cloth filter could cause a total dust emission reduction of 

99%. The rest emission after the cloth filter will be less then 5mg/Nm
3
 and exists mostly out 

of PM10 (Infomil 2010).   

The optimization measures are; 

- usage code 

- moveable roof 

- baffle plates 

- lateral flaps 

 

6.2.2.1.1. User code 
The usage code for hoppers contains; slowly depositing, no spillage and small deposit height 

(Infomil 2010; Tauw bv 2009).  

In addition it contains the same rules for weather conditions as for the grab cranes, presented 

in table 6.2. Applying this rule will obviously have the same consequence for the unloading 

efficiency.  

 

6.2.2.1.2. Moveable roof 
A roof on the hopper that opens if the grab arrives and closes again if the hopper leaves, will 

cause a dust emission reduction of 70 % (Infomil 2010). However this roof is hard to realize 

for mobile hoppers (Infomil 2010).  

 

6.2.2.1.3. Baffle plates 
The fall height of the material can be reduced with baffle plates, which will reduce dust 

emission. The baffle plates stop the dust that occurs due to falling of the material in the lower 

part of the hopper. There exist mobile and fixed baffle plates, mobile plates open after 

material is dropped down and have a higher dust reduction then fixed plates (Infomil 2010). 

However fixed plates have lower operational costs, due to lower maintenance and higher 

reliability (Infomil 2010). Baffle plates together with dust extraction cause a dust reduction of 

60% (Infomil 2010). 

 

6.2.2.1.4. Lateral flaps 
Rubber flaps on the hopper will enclose the grab during emptying and will reduce spread of 

dust. This prevention measure is especially effective at material out of class S1 and S2 

(Infomil 2010). 

6.2.2.2. Eco hoppers  

An Eco-hopper contains most of the previously mentioned prevention measures. It has baffle 

plates, dust extraction with cloth filter and baffle plates (Van Aalst Bulk handling 2010) 

(B&W Mechanical Handling Ltd. 2009). However these systems are very expensive and need 

a lot of energy (European Commission 2006b) 

The BREF document on ‘Emissions from Storage’ (European Commission 2006b) describes 

a hopper that uses under-pressure to prevent dust emission. The dust emission reduction of 

this system would be 100% compared to the previously mentioned BAT. The system will 
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have the advantage that no extra energy input is necessary and lower investment and 

operational costs are required.  

6.2.2.3. Other deposit systems 

The other deposit systems described in the Factsheets of Infomil (2010); loading pipe, 

loading chute and emptying vehicle are not applicable at the ENCI unloading quay. Therefore 

the BAT for these techniques will not be determined.  

 

The deposit of the material from the hopper to the conveyor belt needs also attention, in order 

to reduce the spread of dust. However in the current situation there is no worth mentioning 

spread of dust at this activity. Therefore the current system will be maintained.  

 

Other prevention measures 
Beside previous mentioned prevention measures there could also be thought of more 

outrageous measures. The use of a plastic grab or cover the ships hold with rubber could 

maybe reduce the peak noises when the grab hits the hold. However covering is only possible 

if every time the same vessels and barges are used for the transport of the material. But 

applying these measures to half of the amount of vessels and barges could already reduce this 

noise emission. Covering the sides of the metal grab with rubber could also be helpful.   

   

6.3. Conclusion 
 

To deal with the required annual supply of raw-materials a total unloading capacity at the 

quay of 1100 ton / hour is necessary. This can be achieved by installing two cranes. Two 

cranes are also necessary because of the expected amount of vessels and barges. These cranes 

have to be equipped with the Best Available Techniques to reduce dust and noise emission. 

Continuous unloading devices can not be used for the unloading of clinker due to the high 

abrasive property of the material. In this way only grab cranes are suitable and therefore no 

cost efficiency calculations are made. Eco-hoppers are advised to use to reduce dust emission 

during deposit.  
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7. Specifications quay parallel to the Maas 
 

One of the options for the new quay is expanding the present quayside. To realize this option 

several aspects have to be analyzed: 

• the nautical possibilities 

• infrastructural possibilities / restrictions 

• environmental possibilities / restrictions 

7.1. The nautical possibilities 
 

In chapter 5.2 the expected daily amount of vessels and barges with its sizes are mentioned. 

Because of capacity restrictions mentioned in chapter 6.1.3. two vessels must have the 

availability to moor at the same time. Out of this, some vessel arrival scenarios can be 

enumerated (table 7.1). Taking the Waterway Construction Guidelines (Ministerie van 

Verkeer en Waterstaat 2006) into account the corresponding quay length can be defined. This 

guideline prescribes a mooring length of at least 1,1 times the vessel size to have enough 

manoeuvring space available. 

 

Vessel / barge 1 length Vessel / barge 2 length Quay wall length 

135 135 300 

135 110 270 

135 85 250 

110 110 250 

110 85 220 

85 85 190 

Four barge convoy  250 
Table 7.1: Some vessel / barge arrival scenarios with corresponding quay length 

 

Out of table 7.1 there can be concluded that a quay between 190 and 300 meters is required.  

The transport cost calculations presented that a single barge convoy and vessels with a length 

of 85 meter could be the most cost efficient. In this way only a quay of 220 meters is 

required. However nowadays material is already transported with vessels of 135 meter. In 

addition, in chapter five is advised that the lay-out of the quay should not be depended from 

the cheapest vessels sizes and that the expected scaling has to be taken into account.  

Therefore the quay lay-out will be determined on the handling of two vessels of 135 meters.   

  

A vessel of 135m has a hold of approximately 110 meters. The determined quay lengths in 

table 7.1 are only possible if the cranes are mobile and the vessels / barges can be fixed at the 

quay. In this way the crane cane reach every corner of the hold without moving the vessel 

(figure 7.1). The cranes can also be stationary, this requires a quay of 520 metres, because the 

vessels need to move along the quay, as can be seen in figure 7.2a. However in this case the 

conveyor belt to Hall 4+5 can not be used anymore. Moving the barges can be done by a 

winch constructed at the quay or by using the bow-screw of the barge. After the barge is 

emptied, it has to be coupled again to a push-boat (figure 7.2b). The main advantage of this 

way of working is that no push-boats are required to move the barge along the quay, however 

it will require employees to move the barges and a longer quay (+60m) 
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If the barge is moved with a winch, it is lesser controllable and this can cause unsafe 

situations (Vos 2010). In addition this option is not possible because this will need a quay 

length of almost 600 meters which violates space limitations. Therefore it will be necessary 

to move the barge with a push-boat.  

Apart from this, moving the barge will cost time and will probably reduce the unloading 

efficiency.  

On the other hand, by using stationary cranes a more simple construction of crane and hopper 

is sufficient. Additional foundation of the quay is only necessary under the crane and hopper. 

In this case the rest of the quay will have, a relatively low load. The carrying capacity of the 

quay will then depend on other usage functions, for example the driving of trucks on the 

quay. However, a shorter quay wall leaves also space for expanding the quay for other new 

(external) activities at shore.  

 
Figure 7.1: sketch of quay outline with two moveable cranes  

7.2. Infrastructural possibilities / restrictions 

 

To transport the material from the hoppers to the silos and depots of the milling installation, 

conveyor belts are necessary.  

Applying the strategy of Bugaric and Petrovic (2007) will increase the unloading efficiency. 

However because of the presence of the conveyor belt to Hall 4 and 5 applying of this 

strategy is not possible. Because of a longer quay the crane position will change and therefore 

a transfer point has to be constructed at the point where this conveyor belt is located. In this 

way the quay is split up in two parts. These conveyor belts have to reach to the furthest point 

the crane can move. This includes only the conveyors on the quay; from the hopper to the 

transfer point were the conveyor belts cross the road.  The rest of the transport route from the 

quarry to the silos will be determined further on in this study. To create the possibility that 

the two cranes can unload different materials at the same time, it is required that every crane 

has its own conveyor belt. This results in a total length of conveyor belts of 430m as can be 

seen in figure 7.1.  

Constructing stationary cranes requires conveyor belts at the quay with a total length of 540 

meters due to a longer quayside as explained in paragraph 7.1. An overview of this situation 

is presented in figure 7.2a .The advantages and disadvantages of constructing stationary or 

mobile cranes are summarized in table 7.2a and table 7.2b. Taking these advantages and 

disadvantages into account, constructing mobile cranes is the most realistic option, because of 

the expected construction cost of the extra quay and conveyor belts.  

 

 

 

110 m 110 m 60 m 

= conveyor belts 

= quay wall 

= ship’s hold 

= crane 

= hopper 

= movement direction of equipment 

= transfer point 

20 m 
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Advantages Disadvantages 

Quay length of  300m  Whole quay needs foundation 

High crane efficiency  Extra investment costs due to mobile cranes 

and hoppers 

420 m of conveyor belts  

Extra space for other activities at shore  
Table 7.2a; (dis)advantages of mobile cranes 

 

Advantages Disadvantages 

Only crane need foundation, rest of quay 

depends on usage function. But load capacity 

will be lower.  

Quay length of 520m   

 Lower crane efficiency  

 Extra transport cost because of moving barge  

 540 m conveyor belt 
Table 7.2b: (dis)advantages of stationary cranes 

 

 
Figure 7.2a: sketch of quay outline with two stationary cranes and barges are moved by push-boat. 

 
Figure 7.2b: sketch of quay outline with two stationary cranes and barges are moved by using winch or bow-

screw. 

110 m 40 m 110 m 110 m  40 m 

= conveyor belts 

= quay wall 

= ship’s hold 

= crane 

= hopper 

= movement direction of equipment 

40 m 

= transfer point 

20 m 

110 m 110 m 110 m 110 m  60 m 

= conveyor belts 

= quay wall 

= ship’s hold 

= crane 

= hopper 

= movement direction of equipment 

= transfer point 

20 m 

110 m 
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7.3. Environmental possibilities / restrictions 
 

An increase of activities at the quay will affect the noise and dust emission. Cauberg-Huygen 

(2009) made in their noise emission study as part of the MER (ARCADIS 2009c) already a 

simulation for the estimated future noise emission situation. In this simulation four unloading 

installations are taken into account to handle the supplied goods. The effect of these 

installations on the noise emission zone is described in chapter 3. 

Because the amount of supplied bulk goods can be handled with two cranes the effect of 

activities at the quay on the noise emission zone will be different then forecasted in the 

rapport of Cauberg-Huygen (2009). In addition if new cranes are, just as the current 

equipment, constructed conform the BAT, mentioned in chapter 6.2, the noise and dust 

emission of the installation will be reduced as much as possible.   

In this way will the designed situation, as described in previous chapter, probably positively 

affect the prognosis of Cauberg-Huygen (2009) in table A-VIc (Appendix VI), with the 

remark that the source emissions have to be equal or lower then the forecasted situation. 

What the real effect on the noise emission zone would be can only known if the new designed 

situation with two cranes is simulated again.  

Whether the total dust emission would increase or decrease in comparison with the current 

situation is hard to predict. Because the total amount of installation will stay the same, but at 

the same time the total amount of transferred goods will increase. On the other hand the 

future installations will also be designed in accordance with BAT regulations and this will 

reduce the dust emission as much as possible. 

Due to an increase in supplied goods more barges will moor at the quay, this could be a 

source of hindrance. However until now this is not the case and as mentioned before there is 

no noise emission zone for shipping (Ecorys & Witteveen+Bos 2007). Only the generators on 

the ship can produce noise. However the most ships are foreseen of prevention measures to 

reduce this noise. Therefore no problems are expected on this field.  

7.4. Conclusion 
 

The quay can be designed with stationary or mobile cranes. After analyzing the advantages 

and disadvantages it can be said that constructing mobile cranes is the most realistic option. It 

will require a quay of 300 meters to handle two vessels with a length of 135 meter each, 

simultaneously.  

The real effects on the noise emission of the new unloading activities can only be known after 

simulating the new situation in the existing noise emission model. 
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8. Inland harbour 
 

Another location for the new unloading facilities would be at an inland harbour. This inland 

harbour should be located at the south side of the ENCI site (see appendix X). It will offer 

possibilities, but also restrictions. To create this inland harbour several aspects have to be 

analyzed: 

• the nautical possibilities 

• infrastructural possibilities / restrictions 

• environmental possibilities / restrictions 

8.1. Nautical possibilities 

 

The only location for an inland harbour can be at the south side of the ENCI terrain, because 

of the presence of the junction canal for the retention basin. Further on in this chapter more 

about this canal. In appendix X an overview of the ENCI site, with a possible inland harbour 

can be seen.  

Because of the presence of buildings, which are hired out to external parties, the inland 

harbour can only be located perpendicular to the river the Maas. These buildings are also 

marked in appendix X. 

Due to restrictions in the size of the river the Maas at this particular location, the inland 

harbour will be reachable for motor vessels classified as Va vessels
24

(Ecorys 2010). These 

vessels have a maximum length of 110 metres and a beam of 11,5 metres and will serve as 

normative for the design parameters of the harbour. In the Waterway Construction Guidelines 

(Ministerie van Verkeer en Waterstaat 2006) regulations are made about inland harbours. The 

significant regulations are summarized in table 8.1:  

• size of the harbour entrance 

• design of harbour entrance 

• the width of the harbour   

• the depth of the harbour 

The vessels can leave the harbour in two ways: 

• navigating backwards 

• using a sway availability 

Both options are possible, however the sway availability requires a lot of space: 1,2 times the 

maximum vessel length. 

 

The major problem occurs at the realization of the harbour entrance. Due to the water flow of 

the Maas, vessels need a lot of manoeuvring space (Vos 2010; Peters 2010). Therefore the 

entrance has to be larger then the sizes mentioned in table 8.1. A well functioning harbour 

entrance requires an intersection of the dike of at least 200 m, as can be seen in the draft 

made in appendix X.  

 

 

 

 

 

                                                
24

 “CEMT-classificatie (1992) voor waterwegen ten westen van de Elbe” in Richtlijnen Vaarwegen RVW, 

Ministerie van Verkeer en Waterstaat (2006).  
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Guideline about: Required size Remark 

Harbour entrance 4*B  (B = breadth of 

vessel) 

Due to high water flow in Maas 

broader entrance desirable, especially 

at North side of harbour entrance 

Design of harbour 

entrance 

Conform regulations 

bifurcation (see 

Guidelines) 

The required free lines of view are 

not applicable Therefore use of 

adequate traffic control is necessary, 

i.e. harbour master, or radar detection 

Breath of harbour Min: 7 * B  

Max: vision of ENCI 

If vessels are anchored side by side 

with a maximum of two.  

The depth of harbour Same as main waterway  Taking into account the high and low 

water, boundaries.  

Sway availability Free circle with diameter 

of  1,2 * L (L = length of 

vessel) 

If not possible, vessels can navigate 

backwards (max 500 m) 

Table 8.1: Most important guidelines for design of inland harbour (Ministerie van Verkeer en Waterstaat 2006) 

 

At the inland harbour only a quay maximal 250 meters can be constructed, therefore it is 

necessary to unload the vessels with mobile cranes. Another option would be unloading at 

both sides of the inland harbour. This will have the consequences that two quays have to be 

constructed, material transport has to cross or go around the harbour, and employees and 

equipment have to go to the other side. For these reasons this option is seen as not realistic.  

 

In addition, there has to be paid attention to the damming function of the harbour. The dikes 

of the harbour have to be at the same height as the dike alongside the Maas, because the dike 

alongside the Maas is part of the primary barrage. Or a sluice has to be constructed at the 

harbour entrance, which shuts down when the water level of the Maas rises to an undesirable 

height. However this results in an unreachable harbour.   

8.2. Infrastructural possibilities / restrictions 

 

In case the inland harbour is created, a new infrastructural situation will occur. Changes have 

to be made to; 

• the logistic of raw-material transport 

• utility functions 

• road at Lage Kanaaldijk.  

8.2.1. The logistics of raw material transport 

The unloaded raw-materials for the cement production have to be transported to the silos and 

depot nearby the cement milling installations. These are located at the other (north) side of 

the ENCI terrain. To transport these materials new conveyor belts have to be constructed. 

The main problem of these transport modes is that they cross the new business area, because 

they have to be constructed from the south side to the north side of the ENCI terrain. This 

could influence the development of this area, because i.e. through building limitations.  

8.2.2. Utility functions 

The inland harbour will cut-off the direct connection between the electric transformer station 

and the business area. In this way the power cables to the factory have to be moved or the 

whole transformer station has to be relocated. In addition a high pressure natural gas pip is 
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located between the quay and the road, parallel to the Maas. This also has to be moved or 

relocated under the inland harbour.  

8.2.3. Intersection of Lage Kanaaldijk  

Because the inland harbour will intersect the Lage Kanaaldijk, a facility has to be created that 

maintains the traffic on this road. Several options are possible; a bridge over the harbour a 

tunnel or moving the road.  

Due to the required headway of 9,10 meters of the barges above the highest water level 

(Ministerie van Verkeer en Waterstaat 2006), constructing a stationary bridge is not possible. 

Therefore only a drawbridge is possible. The length of this bridge depends on the width of 

the harbour entrance. However due to entry restrictions the harbour entrance has to be large 

(around 200m), in this way constructing a bridge over this waterway will result in a large 

construction, which almost will not be feasible at this location. The technical feasibility of a 

tunnel has to be analyzed but this is considered as not plausible, because of expected 

construction costs.   

Remark: Because the traffic intensity on this road trajectory is low, it could be possible to 

create the tunnel or bridge with one carriageway and traffic lights, this will reduce 

construction costs.  

A more simple option would be to relocate the road around the harbour and connect it to the 

present road to the fish-pond. This will offer the advantage that the ‘overgangszone’ is easy 

reachable by public traffic without crossing the business area. On the other hand, this road 

would be an obstacle in the trans-shipment of piece-goods, because the road has to be crossed 

over. For the bulk-goods this would be no problem, because the conveyor belt can cross over 

the road without hindering  

8.3. Environmental possibilities / restrictions 

 

Moving the unloading facilities to an inland harbour will have a significant positive effect on 

the dust emission at the boundaries of the establishment (Caubergh-Huygen 2011).   

The effect on the boundary limits of the noise emission zone could be positive, however it 

can reduce the sound emitting possibilities for other future installation / companies at the 

business area. To measure therefore the real effect on the noise emission zone it has to be 

simulated in the specific computer model of the ENCI situation.   

That is why until now no concrete decisions can be made about the environmental effect of 

the movement of the unloading facilities to an inland harbour. 

8.4. Other remarks  
 

If the inland harbour will be realized other restrictions and possibilities will also occur and 

will be mentioned bellow.  

8.4.1. Construction planning 

The construction time of the harbour will be estimated to 1 year. To create the inland harbour, 

buildings that are necessary for the clinker production process have to be demolished 

(Appendix X). However, this can only be done after 1 July 2019, when the clinker production 

is finished. At this time the inland harbour has to be ready, to continue the cement 

production, because it will be very hard to unload all the necessary amount of clinker at the 

current quay due to capacity restrictions. This problem can partly be solved through 

introducing construction phases and for example overtime work at the inland harbour. 
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However the main planning problem will definitely influence the final decision process about 

the inland harbour.  

8.4.2. Redundant quay 

When the alternative of an inland harbour is chosen, then the current unloading shore will be 

redundant. This quay could then be used for other activities i.e. the (un)loading of piece 

goods. If this option is possible in the environmental point of view dependence on the 

expected amount and kind of (un)loaded goods, because there are restrictions to the usage 

time of the quay as previously mentioned in chapter 3. 

But at the same time cause the construction of an inland harbour a loss of 4 hectare of 

business area, which can not be hired out and would result in less rental receiving’s.   

8.4.3. Retention basin  

In the past, some floods of the Maas occurred in the vicinity of ENCI, especially at the 

village Borgharen. These floods occur at a water flow, in the Maas at Borgharen, of more 

than 3800 m
3
/s, and are based on an occurrence of once in 1250 year (Delta Commisie 2008). 

However, due to climatic change in the time period of 2050-2100, a water flow of 4200 to 

4600 m
3
/s could be expected (Delta Commisie 2008). According to this Delta Commision 

(2008), it would not be reasonable to expect that future prevention facilities taken in Belgium 

and France will reduce the future water flow in Borgharen.  

Inspite of the expectations that the maximum water flows of 4200-4600 m
3
/s will not really 

occur, it would be wise to take already prevention facilities, related to these water flows 

(Delta Commisie 2008). To create these prevention facilities the Delta Commision advices a 

strong connection between water safety projects and area development plans. In addition they 

advice a proactive working method that can result in a lot of future money savings and a 

broad social basis. In the reports ‘Samen werken met water’ (Deltacommissie 2008) and 

Integrale Verkenning Maas 2 (IVM2) (Ministerie van Verkeer en Waterstaat  2006) it is 

therefore strongly recommended to save already space for future flood prevention facilities.  

One of these flood prevention facilities for the period 2050-2100 could be; the use of the 

ENCI quarry as retention basin. In the bachelor thesis of Batens et al. (1999) is concluded 

that this option is technically feasible and will be usable from the moment the water flow is 

more than 2774 m
3
/s at Borgharen. However a remark about the study of Batens et al. (1999) 

has to be made: the used data in this study are mostly outdated, due to already taken 

prevention measures. In addition RWS (2009) notices that the water flow reference point at 

Borgharen will not be used anymore for high water level predictions, due to broadening and 

deepening of the Maas at Borgharen. It will be replaced by the reference point at St. Pieter. In 

this way it will not be sure if the conclusion of this report can be interpreted for future 

investigations concerning the retention basin. 

The quarry can be used as retention basin by digging a canal between the Maas and the 

quarry which is closed down by using a sluice (Batens et al. 1999). This canal can be used as 

an inland harbour if it is expanded, conform with the previously mentioned regulations  

Nevertheless, the use of the ENCI quarry as retention basin will have consequences for the 

development of the quarry area, because mud will stay behind and nature will be destructed if 

the quarry is long lasting used as retention basin.  
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8.4.4. (Dis)advantages 

The advantages and disadvantages of the inland harbour are summarized in table 8.2. 

 

Advantage  Disadvantage 

Better connection of quay with business area Maximally reachable for class Va vessels 

Positive effect on dust emission to 

boundaries of establishment  

Construction requirements; large harbour 

entrance, dikes   

Current quay will offer new opportunities Extra investment with regard to construction 

 Loss of business area (4ha) 

 New conveyor belts are necessary that will 

cross the business area 

 Existence of practical problems i.e. planning 

problem, utility functions 
Table 8.2: Advantages and disadvantages of realizing an inland harbour  

 

After analyzing the advantages and disadvantages of the inland harbour, there can be said that 

there are more disadvantages then advantages. In addition the disadvantages are more 

onerous, especially when looking to the intersection of approximately 200 metres of the dike.  

Taking also in account the enormous expected extra required investment costs, the conclusion 

can be drawn that an inland harbour will economically and technologically not feasible. 

Therefore in the sequel of the report the concept for an inland harbour will not be taken into 

account anymore.  

8.5. Conclusion 

 

Because of the possible presence of a junction canal to the quarry and the presence of 

buildings at the ENCI site, which can not be demolished, there is only one location available 

for the inland harbour.  

Creating an inland harbour requires a lot of adjustments to the ENCI site and the dike of the 

Maas. After analyzing these adjustments, the advantages and disadvantages it is considered as 

not reasonable to create an inner harbour, especially if the expected construction costs are 

taken into account.  
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9. Logistics of transferred materials 
 

After the raw-material is transhipped it has to be transported to silos and depots at the 

business area. This will be done by conveyor belts. Therefore not only the unloading devices 

need the required capacity, but also the conveyor belts must correspond to the required 

unloading capacity. Besides this the silos must also be big enough to storage the supplied 

amount of materials and to have sufficient stock available to create a sufficient stock period 

in the case the supply stagnates.  

9.1. Storage of material  

 

The future storage capacity of the blast furnace slag, fly ash and gypsum will probably not 

change, therefore only the future storage capacity of clinker is analyzed. 

Table 9.1 presents the available storage capacity for clinker, after 2018. This stock is divided 

over two different locations; one silo is used for the supply of cement mill 16 and the other 

warehouse (hall 4 + 5) is used for the supply of cement mills 11, 12 and 13. 

 

Silo Volume [ton] at density 1600 kg/m
3 

Clinker silo
25

 of cement mill 16 32.000  

Hall 5 34.000 

Hall 4 (new crane rails required otherwise not 

reachable by crane) 

4.000 

Other bunkers  3.000 

Total 73.000 
Table 9.1: Available storage capacity for clinker. 

 

A yearly amount of 1.332.000 ton clinker is necessary (table 6.1). This corresponds to 

111.000 ton a month on average. However as can be seen in figure 6.2, peaks in the cement 

sales can reach up to 140% of the annual average. This results in a maximum use of clinker 

per month of 155.400 ton.  

Given that there is a storage capacity of 73.000 ton available, there can be concluded that this 

corresponds to a clinker stock that is sufficient for two weeks of cement production on the 

maximum production level.     

However, cement mill 16 uses 63% of the total amount of clinker
26

. This would correspond to 

98.000 ton if there is a maximum production level. The storage capacity in the silo for cement 

mill 16, will be in this case sufficient for 10 days of clinker use at the maximum production 

level of cement mill 16. The storage capacity for the other cement mills will in this case be 21 

days.   

If a higher stock volume is required, extra investments cost are necessary. The investment 

could involve the construction cost of a new silo including extra conveyor belts or making 

adjustments to the existing conveyor belts with a loading installation, to connect both storage 

locations with each other.  

Hall 8 and 9 are also available for storage with a total capacity of around 7.000 tons. 

However these halls have no connection with the cement mills so this requires also extra 

investment cost.  

                                                
25

 Max volume = 40.000 ton, however 20% can not picked up.  
26 Based on internal calculations of total clinker usage 
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Changing cement production planning and distribution between the mills can also increase 

the stock period.  

9.2. Transport of material  
 

Because the cranes have an average unloading capacity of 550 ton/hour, the conveyor belts 

must also be designed to deal with this capacity.    

The conveyor belts mentioned in table 9.2 are currently used for the material transport from 

the quay to the silos and depots.  

 

Because the lay-out of the cement production facilities will be maintained, the current 

conveyor belts also have to be used. Table 9.3 presents the maximum capacity of the current 

conveyor belts and the required capacity based on the data in table 6.1 and the quay lay-out 

shown in figure 7.1. The capacity of conveyor belt 1a and 2 depends on the storage capacity 

as mentioned in chapter 9.1 including the assumption that 63% of the clinker has to be 

transferred to the clinker silo. The required capacity of the conveyor belts depends on the 

crane efficiency.  

 

The usage of the conveyor belts per crane remains the same. However conveyor belt 1 will be 

used only by one crane. In this way the conveyor does not have to be adjusted. As a result, 

some adjustments are necessary at the quay transfer point to make it possible that conveyor 1 

and 4 deposit on conveyor belt 2. In addition it is advised to construct an installation that 

makes it possible to switch the deposit of conveyor 1 and 4 between 2 and 5 separately. This 

will increase the unloading flexibility because both cranes can unload every kind of material 

separately and can unload clinker to the clinker silo together. Taking the expected amount of 

vessels and barges into account, increasing unloading flexibility can reduce the chance of a 

vessel or barge waiting on an appropriate crane to be available. This will reduce the handling 

time of vessels and barges and will decrease transport cost as can be seen in table 5.2.  

 

No.
27

 From  to Material transport Used crane 

1a Topper crane  Hall 4+5 Clinker Topper crane 

1 Topper crane  Transfer point at 

quay 

Clinker + gypsum Topper crane + 

Buidel crane 

2 Transfer point at 

quay 

Clinker and 

gypsum silo 

Clinker + gypsum Topper crane + 

Buidel crane 

3 Conveyor belt 5 Conveyor belt 7 Blast furnace slag or 

gypsum 

Buidel crane 

4 Buidel crane Transfer point at 

quay 

Gypsum + blast furnace 

slag 

Buidel crane 

5 Transfer point at 

quay 

Transfer point at 

plant side 

Gypsum + blast furnace 

slag  

Buidel crane  

6 Conveyor belt 3 Gypsum hall Gypsum Buidelcrane 

7  Conveyor belt 3 Blast furnace slag 

depot 

Blast furnace slag Buidelcrane 

Table 9.2: Current conveyor belts necessary for raw-material handling 

 

                                                
27 Conveyor belt numbers correspond to numbers on ENCI drawing 0.25439 
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Because of the required amount of clinker in the clinker silo it is necessary to unload this 

amount with two cranes together. It will also be advised to make conveyor belt 4 reversible, 

in this way it can be used to deposit on conveyor 1a. This will also increase flexibility.  

 

No. Material transport Max 

capacity
28

 

(ton/hour) 

Max required 

capacity 

(ton/hour) 

Current 

length (m) 

Required 

length (m) 

1a Clinker 200 550 50 50 

1 All  750 550 150 300
29

 

2 Clinker + gypsum 400 1100  280 280 

3 Blast furnace slag or 

Gypsum 

350 550 6 6 

4 All  350 550 90 120 

5 Gypsum + blast furnace slag  350 550 50 50 

6 Gypsum 350 550 50 50 

7 Blast furnace slag 350 550 80 80 
Table 9.3: The required handling capacity of the conveyor belts compared with the maximum capacity 

 

The comparison between the maximum and required capacity in table 9.3 presents that all the 

conveyor belts from the cranes to the silo and depots have to be adjusted. In this estimation is 

assumed that the conveyor belt bridges do not have to be reconstructed, because of the 

increased loading capacity.  

The conveyor belt from the clinker silo to cement mill 16 has sufficient capacity, to deal with 

the future amount of material.  

9.3. Conclusion 

 

The available stock volume after 2019 is sufficient for a stock of 10 days on maximum 

production level of cement mill 16. To deal with the annual amount of supplied materials 

conveyor belts have to be adjusted. It is required to make some extra adjustments to the 

conveyor belts to increase unloading flexibility. There is assumed that no adjustments are 

required to the conveyor belt bridges.  

   

                                                
28

 Based on data on ENCI drawing 0.25439 
29 Based on mobile cranes see chapter 7.1, figure 7.1 
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10. External usage of quay 
 

One of the objectives of ENCI is to offer the (un)loading facilities at the quay to external 

parties that want to establish on the ENCI site and want to make use of water transport 

(Werkgroep bedrijventerrein 2009).  

Besides this, the availability of the quay will be an advantage in the recruiting of candidate 

firms for the business area, because out of a study in order of the Provincial Government of 

Limburg it appears that so called ‘wet business areas’ are scarce in Limburg in the Global 

Economy scenario (Ecorys Nederland BV 2008b). Wet business areas, are business areas that 

are located (directly) near inland waterways or shores, and make use of these facilities 

without burdening other infrastructural objects outside the quay / business area (Werkgroep 

kade 2010). According to (Ecorys Nederland BV 2008b) the whole ENCI terrain is classified 

as ‘wet business area’. 

For these reasons the usage functions of the quay for external parties have to be taken into 

account, but these will only be focused on professional use and not on recreational use such 

as mooring of pleasure yachts.  

 

Different kind of solid bulk-goods can be transported from the quay to the business area, by 

using the conveyor belts. However if  other (bulk) goods have to be transported, which can 

not be handled by the available equipment, other equipment must be availabe. Using this 

extra equipment could result in extra noise emission which will not be desirable.  

In case goods are transported to companies that are not located at the ENCI site, trucks are 

necessary and this will cause extra freight traffic on the Lage Kanaaldijk.  

Reducing the amount of freight traffic on the Lage Kanaaldijk is an objective of the Plan of 

Transformation and therefore there is a limited amount of truck movements available without 

exceeding the environmental agreements. Thereby must be taken in mind that every barge has 

an average load capacity of around 100 trucks. In this way it will not possible to use the quay 

facilities for transhipment activities for companies located not on the ENCI terrain and can 

the transferred goods only be used at the ENCI-terrain.   

10.1 Bulkgoods 
 

The main function of the quay is the trans-shipment of bulk-goods for the cement production. 

It has an annual capacity of 1.700.000 tons, without exceeding the actual environmental 

boundary limits. The annual unloading capacity is based on the maximum production 

capacity of ENCI and extra (un)loading volumes for external parties are not taken into 

account, because until now it is not know how, what and how many material have to be 

unloaded. If external parties want to use the quay facilities, new capacity calculations have to 

be made.  

However, as can be seen at the cement sales prognoses in figure 6.3, will the cement sales 

stay probably on an average level of 1.100.000 tons. This results in an over-capacity at the 

quay of around 600.000 tons. This is available for external parties and requires no extra 

investment costs for ENCI. Due to peaks in the cement production (figure 6.2), there occurs 

even a bigger amount of unloading capacity for third parties, however, this is only during a 

few months per year. But, by use of management this overcapacity can optimally be used.   

Due to optimal use of this over-capacity through external parties, the investment cost can be 

partly earned back.   
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However, it could be possible that some small modifications are required to the conveyor 

belts and hoppers to transport other materials then clinker, gypsum and blast furnace slag, 

from the quay to the business area, in spite of the fact that the determined facilities will be 

usable for different kinds of bulk goods
30

.   

 

The redundant kiln fly ash facilities can also be used for the (un)loading of some bulk goods. 

From the quay the material can be blown, via pipes, into the silo, which can be used for stock 

of bulk material.  

10.2. Piece goods  

 

Regarding the Plan of Transformation, an objective is to develop the quay into the most 

important piece good terminal of Maastricht (Werkgroep kade 2010).  

If slewing cranes
31

 are chosen with the required capacity of up to 1000 ton / hour, it is 

possible to lift containers up to 40 ft. If the overcapacity of 600.000 ton is translated into 

containers then there can be 32.700 containers unloaded per year
32

. It is also possible to lift 

other piece goods with a max 50 ton / crane. In this way it is also possible to lift yachts out of 

the water. However this depends on the flow of the Maas
33

, but it is most time of the year 

possible. 

Unloaded piece good has to be loaded on a truck or other equipment to transport it further to 

the business area.  

Piece goods can be unloaded as well loaded on to the barges. Bulk goods only can be 

unloaded, otherwise extra equipment is necessary. However if bulk goods are loaded, the dust 

emission has to be taken into account again. 

 

Previous mentioned user functions are possible by using the unloading devices that are 

primary designed to unload ENCI material. Other usage functions at the quay can be devised. 

However this requires extra investments and they do not serve the primary goal of ENCI. If 

investments are necessary for other usage functions these have to be allocated to the user. On 

the other hand the determined facilities offer already possibilities for the use through external 

parties.  

10.3. Conclusion 

 

Analyzing the cement sales prognosis it can be noticed that an overcapacity can be expected 

at the unloading facilities on the quay. This overcapacity can be used by external parties. 

The determined unloading facilities can be used for unloading different kinds of bulk goods 

and piece goods. However it could be possible that some slight changes are necessary to the 

unloading devices. Transhipped goods only can be used at the ENCI site because of the 

restricted amount of freight traffic on the access road.  

                                                
30

 Based on Eco-hoppers of Van Aalst Bulkhandling 
31 Values are only a target and count for the selected crane until outreach of 23m: Liebherr Mobile harbour crane 

LHM 280 Values can (slightly) change if other crane is chosen. However 150 ton can not be reached.  
32

 600.000 ton   = 545 unloading hours / crane. Unloading of 30 containers per hour (Liebherr)                    

   1100 ton / hour          
33 Will be hard if flow > 0,5 m3/s 
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11. Budget estimation 
 

The required investment costs are determined for the quay lay-out as previously discussed in 

chapter 7.  

11.1. Quay wall 

 

To make it possible that two vessels can moor simultaneously, a concrete quay of max 300 

meters length is required. Because the current quay measures 190 meters, it is necessary to 

extend the concrete quay with at least 110 meters at the south-side of the current quay. 

Because the cranes and hoppers will be mobile ones, the quay must have sufficient carrying 

capacity. Therefore is assumed that the current quay has enough carrying capacity for the 

new facilities.  

Assuming a construction cost of € 20.000,-- per meter, these extra 110 meters of concrete 

quay require an investment cost of; € 2.200.000,-- (HTC 2010) 

11.2. Unloading devices 

11.2.1. Grab-cranes 

The annual unloading capacity at the quay has to be 1.700.000 tons of clinker, blast furnace 

slag and gypsum. Due to environmental and availability restrictions, an average unloading 

capacity of 1110 ton / hour is required. This capacity can be achieved through installing two 

grab-cranes with an average unload capacity of 550 ton/hour.  

Because stationary cranes would require a quay wall of at least 500m it is advisable to use 

mobile slewing cranes as mentioned previously in chapter 7.  

The cranes will be equipped with the BAT to reduce dust and noise emission as much as 

possible.   

The required investment costs will be 3 million Euros per crane (Kats 2010).  

A crane with the same lay-out as the suggested crane, but with a lower lifting capacity and an 

average turnover of 450 ton per hour, corresponds with a reduction in investment of 10% 

(Kats 2010). In this way results a reduction in capacity of 20% in a decrease of investment of 

10% 

11.2.2. Eco-hoppers 

To reduce dust emission, two eco-hoppers are necessary that are equipped with the BAT and 

that can handle grabs of around 15m
3
 for realizing the required turnover of 550 ton / hour.  

Investment cost for these hoppers will be estimated on € 500.000 each (Van Aalst Bulk 

Handling 2010). 

11.3. Transport of material  
 

Some conveyor belts have to be reconstructed or adjusted to transport the required amount of 

material to the silo and depots. This involves a total length of 780 m if the quay is build 

according to the lay out presented in figure 7.1. Table 11.1 presents the total required 

investment cost. The current conveyor belt 1 can deal with 750 ton / hour and can be 

maintained, but it has to be lengthened with 150 meters to a total length of 300 meters.  

Conveyor belt 2 has to be widened from 1000 mm to 1200 mm and can be constructed into 

the current tunnel. Conveyor belt 4 has to be broadened from 800 mm to 1000 mm and 
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lengthen with 30 meters to a total length of 120 m. After internal calculations the construction 

cost will be estimated on € 2.000,-- per meter. To increase unloading flexibility it is advised 

in chapter 9 to make adjustments to the transfer point of conveyor belt 1 and 4. For these 

adjustments an estimated investment cost of € 200.000,-- is assumed  

 

No. Material transport Required 

capacity 

(ton/hour) 

Length (m) Construction 

cost / meter 

Total 

construction 

costs 

1a Clinker 550 50 € 2.000,-- €      100.000,-- 

1 All 550 150 (300) € 2.000,-- €       300.000,-- 

2 Clinker + gypsum 1100  280 € 2.000,-- €       560.000,-- 

4 All  550 30 (120)  € 2.000,-- €         60.000,-- 

5 Gypsum + blast furnace slag  550 50 € 2.000,-- €       100.000,-- 

6 Gypsum 550 50 € 2.000,-- €       100.000,-- 

7 Blast furnace slag 550 80 € 2.000,-- €       160.000,-- 

 Subtotal  690  €    1.380.000,-- 

 Adjustments to transfer points   €       200.000,-- 

 Total   €    1.580.000,-- 
Table 11.1: Required investment costs for adjusting conveyor belts  

 

Because of dust emission restrictions and to keep the material dry the conveyor belts have to 

be located in a tunnel. As mentioned previously in chapter 9, is assumed that no adjustments 

are necessary to these constructions. The total investment cost for the adjustments to the 

conveyor belts contain € 1.580.000,-- if the cranes will be mobile. 

11.4. Storage 
 

Because the available storage capacity is sufficient no extra investment costs are needed. This 

storage capacity results in a stock period of at least 10 days for cement mill16  

11.5. Total budget 

 

In next presented overview (table 11.2), the total required budget for the project can be seen. 

It contains all the necessary investments to handle 1.700.000 tons of clinker, blast furnace 

slag and gypsum, with a quay lay-out as presented in figure 7.1 and takes into account the 

environmental and technical requirements.  

 

Type of investment Investment cost 

Expanding quay €     2.200.000,-- 

Grab cranes 2 *  € 3.000.000,-- €     6.000.000,-- 

Eco hoppers; 2 *  €    500.000,-- €     1.000.000,-- 

Adjusting conveyor belts €     1.580.000,-- 

Storage capacity - 

Sub total  €   10.780.000,-- 

Unforeseen costs (10%) €     1.078.000,-- 

Total €   11.858.000,-- 
Table 11.2: Investment costs to construct quay according to lay-out in figure 7.1 
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Investment costs for non ENCI activities have to be attributed to these activities, in this way 

the economical feasibility of the quay does not depend on these activities.  

11.6. Conclusion  
 

An investment of almost 12 million Euros is required to: 

- Create a quay whereat two vessels of 135 meter length can moor simultaneously. 

- Two unloading devices that can deal with the required capacity to unload an annually 

amount of 1.700.000 tons of bulk good without exceeding environmental regulations.   

- Adjust the conveyor belts to transport the amount of material to the silos and depots.  

- Create unloading possibilities for external users.  
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12. Industrial symbiosis at ENCI industrial park 
 

In the Plan of Transformation agreements and plans are made about the future developments 

of the business area, if the clinker production at ENCI has stopped. In this chapter there will 

be analyzed if applying these plans will turn the ENCI terrain into an eco-industrial park with 

its economical and environmental benefits. 

12.1. Development Plan of business area as presented in PvT 

 

One part of the Plan of Transformation is the revitalization of the business area. The 

economical vision of Ronald Wall
34

 underlies this revitalization process (Werkgroep 

bedrijventereinen 2009). This vision is based on the establishment of new firms on the 

business area and which can be divided into five different activities.   

- Basic manufacturing (BM) 

- Manufacturing (M) 

- Trade (T) 

- Producer services (PS) 

- Consumer services (CS) 

The most firms will be active in a combination of these activities. All activities have to focus 

on sustainability because this is central point of view of HeidelbergCement (Werkgroep 

bedrijventerrein 2009). In this way there will be a shift to knowledge-industry (ENCI 2010b).  

Appendix XI presents the allocation of these activities on the business area as provided in the 

Plan of Transformation.  

 

Basic Manufactering  

The basic manufacturing activity will be fulfilled by the cement milling activities of ENCI, 

with its supporting businesses; for example, the logistics, facility management and technical 

support (Werkgroep bedrijventerrein 2009). 

 

Manufactering 
This activity will mainly consist of firms that have are closely connected with the cement 

factory. For example a concrete mix factory or prefabricated concrete elements. In this way 

the cement transport to factories outside the business area can be reduced. Innovation in this 

sector is preferred and therefore the support of Heidelberg Technology Center is assured.  

Moreover there will be a focus on sustainable manufacturing by applyin the Cradle to Cradle 

principle and using and producing sustainable energy (Werkgroep bedrijventerrein 2009).  

 

Trade 
Trading can be done by firms which are active in the (mineral) raw-materials sector, because 

storage space, in silos and depots, is available. Recycling construction and demolition waste 

and concrete after crushing is also an option.   

The offering of Value Added Logistics will be promoted as well. An example could be the 

repacking of bulk goods into small bags (Werkgroep bedrijventerrein 2009).  

 

Producer services and consumer services 

These activities have to be mixed up together and economical and creative activities must be 

integrated with each other. In this way they might fit seamless into the activities of the 

                                                
34 Developed at ENCI “24-uursessie” 2-3 september  2009, led by prof. Jo Coenen.   
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“Transitionalzone”. Examples could be: architects, R&D activities, consultancies, craft, 

business catering and sport facilities (Werkgroep bedrijventerrein 2009).  

12.1.1. Establishment requirements 

The profile of the business area will be; ‘Future building’. New companies have therefore fit 

within this theme (ENCI 2010b). In addition reduction of environmental pollution is one of 

the objectives of the revitalization plan. Therefore firms that want to settle on the ENCI 

terrain have to meet different requirements (Werkgroep bedrijventerrein 2009); 

� New firms do not have to conflict with the environmental regulations and fit within 

zoning plan regulations 

� New firms have to fit within the available environmental usage room of ENCI 

� New firms have to stay within the set amount of freight movements and timeframe 

� It is preferred that new firms use water transport and quay facilities if possible  

� It is mandatory that new firms use park management services  

In addition new firms must meet ten other preconditions (table 12.1). If a potential new firm 

sores negative on one of these preconditions the firm will refused.  

 

Admission criteria 

1 Financial Is financing of firm ok  

2 Economic operation Is the economic operation ok 

3 Environment Fits within environmental agreements made in PvT 

4 Traffic Fits within the set amount of freight movements according to PvT 

5 Spatial fit Fits within zoning plan regulations 

6 Socially accepted Reputation of company 

7 Functional fit Firm must optimal use specific qualities of ENCI terrain; water 

transport, infrastructure, big buildings  

8 Competition  Establishment of firm has not to be in conflict with policy of 

municipality of Maastricht about regional establishment of firms 

on business areas 

9 Organisational  Mandatory to use park management services 

10 Employment   Firms have to create employment. Preferred are job opportunities 

for ENCI employees 
Table 12.1: Allowance criteria new firms to business area (Plan van Transformatie ENCI-gebied 2009) 

12.2. ENCI terrain as eco-industrial park 

 

As mentioned in chapter two, eco-industrial parks enhance economical and environmental 

benefits. These environmental benefits are essential in the ENCI case, because in this way 

ENCI can retain and even strengthen the social and political support for its plans.  

The eco-industrial park can be obtianed by implementing the concept of industrial symbiosis. 

This concept is also successful for the revitalizing of a business area. The concept will 

therefore be extremely useful to implement it at the ENCI business area. However to make 

the implementation successful the right ingredients must be available or created.  

 

The revitalization plan that is already started contains ingredients for the implementation of 

industrial symbiosis: a strategy, park management, an anchor tenant and political 

involvement are already available. However the appearances of these development factors are 

not sufficient to make the implementation successful.  
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The strategy of the plan has not only to be clear to all the involved stakeholders but it also has 

to be continuously adjusted to the internal and external environment to not hinder the 

industrial symbiosis developments. This is a role of park management. If the ladder of park 

management activities of Pellenbarg (2004) is applied to the ENCI park management (Figure 

12.1), there can be seen that ENCI park management more focuses on collective use and 

sharing of facilities and utilities. However it not only has to coordinate the collective use of 

facilities, but it has to focus especially on the communication and coordination of all involved 

stakeholders. In addition it has to support and initiate industrial symbiosis initiatives with 

respect to the fail factors (table 2.4). In this way the production process symbiosis will be 

motivated and the ladder will be complete.  

A major role of ENCI in the park management organisation is preferred according to 

literature.  

 
Arrangement of public spaces Simpel Maintenance road / plantation

separation facilities

Winter maintenance

Signposting on site

Security / central access control

Building maintanence

Cleaning

Telecommunication facilities

Facility sharing Post office

Assurance Glass / WA

Reception office

Weigh bridge

Workshop

Underbodywasher

Restaurant facilities

Parking facilities

Combined transport facilities (quay)

Space sharing Complex Intensive / careful land use

Collective buildings

Utility sharing Waste management / sewerage 

Water supply

Gas / power installation

Cooling water

Hydrants

Pressured air 

Production process symbiosis

Radical

 
Figure 12.1: The ladder of park management activities of Pellenbarg (2004) applied to ENCI park management 

 

ENCI has to fulfil also the role of anchor tenant. In this way other companies can be attracted 

through its major in and outputs. The facilities that ENCI will offer will be described in next 

session.  
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As mentioned before: governmental involvement is of major importance for the successful 

development of industrial symbiosis. However the government does not have to take a major 

role into park management. Continuous deliberation between government and business will 

motivate the development of the eco-industrial park. When analyzing the revitalization 

process of ENCI, it can be said this deliberation often happens.  

To develop the eco-industrial park an industrial symbiosis process is necessary. An example 

of an industrial symbiosis process will be given in next subsection.  

12.3. Industrial symbiosis at ENCI terrain 

 

In this section an example of a possible industrial symbiosis process at the ENCI business 

area will be presented, that fits with the vision described in the PvT. However the example is 

only theoretical based on a realistic guess and the most mentioned companies only serve as 

examples. Furthermore presents the example only by-product and energy exchanges, despite 

the  exchange of employees and park management services fits also in the industrial 

symbiosis concept, but these are already preconditions for new firms and will therefore not 

shown.   

 

Park management;  
ENCI uses a variety of services and utilities for its own production process. These services 

and utilities will be offered to other companies (figure 12.1). Park management will manage 

this process (Werkgroep bedrijventerrein 2009).  

 

Basic Manufacturing (BM); 
The basic raw-materials that ENCI uses are presented in figure 6.1 and will be supplied 

through water transport. Fly-ash and blast furnace slag are already part of by-product 

exchange. ENCI will transport its cement and raw-materials whenever possible via water.  

 

Basic Manufacturing + Manufacturing (M) 
A prefab concrete element factory can transport its raw materials that mostly consist out of 

sand and gravel via water by using the previously determined quay facilities. The necessary 

amount of cement can supplied directly from ENCI to the factory with conveyor belts. The 

produced concrete elements can be transported to customer by using water transport and the 

quay facilities. By implementing these exchanges, the freight movements can be reduced to a 

minimum.  

A concrete mix manufacturer is less useful at the industrial park because it will result in extra 

trucks to the park. A company that produces annually 50.000 – 60.000 m
3
 of concrete mix 

requires approximately thirty to forty trucks a day, which will result in sixty to eighty truck 

movements a day. However this will yield a small reduction in cement transport by truck.  

 

Manufacturing + Trade 
A sustainable energy plant as, for example, a biomass plant combines manufacturing and 

trading, because it produces energy, which it will trade thereafter. It will optimally fit in the 

industrial symbiosis process, because it can motivate exchanges between firms: 

If wood-pellets are used as raw-materials then these can be transhipped at the quay with the 

determined facilities.  

However there is expected that in the near future the focus of biomass will be more on waste 

streams like manure, crop residues and lop (SenterNovem 2009). Then extra equipment has 

to be installed at the quay, wherein the crane can deposit the material and from where it will 

be transported to the plant.  
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The produced electricity can be delivered to the other companies at the business area, 

including the recreation facilities. The produced and released heat can partly be used for the 

heating of buildings. The newly established firm at the ENCI site, MedWaste Control, can 

also use heat in its process. If other biomass is used the heat can be used to pre-heat this 

biomass. The heat could even be used to heat a swimming pool or a wellness centre in the 

recreation area.  

The major problem of the heat exchange is that most suppliers have no continuous process 

and in this way there is no continuous supply of heat assured. The effect on the economical 

feasibility depends on the available (SDE+)
35

 grants with its preconditions.  

A by-product of the biomass plant is fly-ash. If the quality is sufficient it can be used in the 

cement production. Otherwise it can be stored into the ‘kiln fly-ash silo’ and shipped to other 

cement factories with a kiln. Transporting the fly-ash from silo to ship can probably be done 

by using the redundant underground pipes of the kiln fly-ash unloading equipment.  

The ash that remains out of combustion process can be shipped to other uses, for example 

deposit in another quarry.  

 

MedWaste Control also combines manufacturing with trading, because it turns waste into 

energy which will be traded. There is a possibility that MedWaste Control could transport its 

bins in containers via water, and using the cranes for unloading. The decontaminated 

packages can also be transported to the customer via water.  

 

The redundant silo for storage of kiln fly ash, can also be used for storage of other bulk 

goods, for example kiln dust. This material can be transported from the quay to the silo, and 

back via the available pipes. This temporary stock is also a form of trading  

 

Trade + Producer Services 
An assembly company can ship its semi manufactured goods or parts in containers to the 

ENCI site. In one of the available halls the product can be completed and shipped to the 

customer. Nevertheless, the required delivering time of the product does not has to be short, 

because due to using water transport the delivery time will be longer than road transport as 

mentioned in chapter 5.1.  

 

Consumer Services 
The planned recreation facilities, such as a swimming pool, a wellness centre or a hotel could 

use the produced heat and electricity of the biomass plant.  

 
Figure 12.2 presents a schematic overview of the above described industrial symbiosis 

process. Extra investment costs are necessary to implement this industrial symbiosis process, 

but these costs might not be decisive in the success of the process. Cost savings on the long 

term due to resource sharing have also be taken into account. 

In addition it is advised to include the environmental benefits and social aspects into 

consideration, otherwise most of the plans will not become implemented. This is particularly 

useful in the ENCI-case, because in this way the image of ENCI and its business area can be 

improved towards the neighbourhood. Government must help to create a more favourable 

economic situation for implementing this industrial symbiosis process (Ehrenfeld and Gertler 

1997).   

In addition researchers notice that industrial symbiosis is a useful tool for the revitalization of 

business areas (Konz and Thillart 2002; Lambert and Boons 2002), therefore it is advisable to 

                                                
35 Successor of Stimuleringsregeling Duurzame Energieproductie (SDE) regulation (Verhagen 2010).  
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stimulate the implementation of industrial symbiosis at the ENCI business area and to create 

in this way a win-win situation for all the involved partners as shown in figure 2.3..   

12.4. Cohesion between quay and eco-industrial park 
 

As can be seen in the example of industrial symbiosis in figure 12.2 the quay is of major 

importance for the development of an eco-industrial park. Without sufficient quay facilities it 

will virtually not possible to transport (exchange) products and materials from and to the 

business area. This is because the freight traffic from and to the business area is constrained 

by strict environmental rules as mentioned in chapter 3. This means that there is only a 

restricted amount of freight allowed on the Lage Kanaaldijk and the major share of this 

amount is necessary for cement milling activities.  

For that reason it is necessary to have quay facilities that offer enough opportunities for other 

firms at the ENCI terrain. This can be done by: 

� Having extra unloading capacity available for usage through external companies. 

� Having a multifunctional quay that not only can handle bulk good.  

The quay facilities that are determined in this research have more or less these properties, 

with the precondition that the cement sales remains on an average level of 1.100.000 ton. 

Nevertheless it could be possible that a new company requires additional facilities, but the 

accompanied investment costs have to be attributed to the firm.  

Thus, in this way, the quay could successfully contribute to the industrial symbiosis process.  

 
Figure 12.2: Industrial symbiosis at ENCI business park 

 

The example in figure 12.2 is only theoretical based on realistic assumptions. The exchanges 

between firms are determined roughly but are realistic. Therefore the model is not based on 
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economical calculations. The model only takes into account the designed strategy of the 

business area and the counting environmental regulations. In this way it tries to make a match 

between them. The objective of the presentation of this model is to show the possibilities at 

the business area and how it should be designed to create an eco-industrial park with its 

benefits. However, the most important aspect is to show the major importance of the quay in 

relation with the business area; it is the only noteworthy link between the ‘outside world’ and 

the business area. Therefore it is of major importance to optimal elaborate the determined 

quay facilities in this study to successfully develop the eco-industrial park.     

12.5. Conclusion 

 

ENCI, A biomass plant, a prefab concrete elements factory, an assembly company and 

MedWaste Control could contribute to the implementation of industrial symbiosis at the 

ENCI site. If the concept of industrial symbiosis is implemented, the ENCI site can revitalize 

into an eco-industrial park. However to motivate industrial symbiosis parkmanagement has to 

focus particularly on industrial symbiosis initiatives. The development of a multifunctional 

quay is required for the successfully development of the eco-industrial park.  
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Conclusions and recommendations 

Answers to Research questions: 

Is industrial symbiosis a useful tool for restructuring the ENCI industrial site? 

Industrial symbiosis is described in literature as a useful concept for revitalization of a 

business area. It will deliver different benefits. In this way the existing industrial park can be 

turned into an eco-industrial park. However to make the implementation successful the 

success and fail factor have to be taken into account. In addition the proper coordination 

process has to be started.  

At the ENCI site a revitalization process is already started. It involves park management, an 

anchor tenant and political involvement. These are all required factors for the implementation 

of industrial symbiosis. Moreover the environmental benefits arising due to industrial 

symbiosis are essential in the ENCI case to retain and strengthen the social and political 

support for its plans. Therefore industrial symbiosis is useful for the revitalizing of the ENCI 

site.  

How should the ENCI quay be designed in order to contribute to the 
development of an eco industrial park at ENCI? 

To develop an eco industrial park, industrial symbiosis has to be implemented at the business 

area. To create a successful implementation process, the fail factors have to be taken into 

account. Besides taking into account the success and fail factors of industrial symbiosis, a 

coordinated process will motivate the implementation. This coordination process has to be 

done by park management. All stakeholders have to be involved in park management, 

however, the involved companies must have a leading role. Government also can motivate 

the implementation, but simultaneously it can counteract the developments. Therefore the 

government has to adopt the proper position in the industrial development process. The 

presence of an anchor tenant at an industrial park will also motivate the industrial symbiosis 

developments.    

Analyzing the business area plan of ENCI, it can be said that most drivers already are 

present; park management, political involvement and ENCI as anchor tenant.  

The activities of ENCI park management motivate the collective use of facilities and services, 

but they have to focus more on motivating by-product and energy exchanges to make the 

implementation of industrial symbiosis possible. For that reason economical aspects do not 

have to be the only driver in this process.  

Which environmental issues and laws have to be taken into account if ENCI 
wants to execute its new plan and what opportunities do they create? 

In the case of the developments at the quay, both the dust and noise emission plays an 

important role. Also the freight traffic from and to the ENCI terrain has to be taken into 

account. 

The noise production of the activities at the quay has to be kept within the restricted noise 

emission zone. It is even preferred to keep the noise emission for the activities at the quay as 

low as possible, to have more noise emission space available for other activities within the 

noise emission zone.   

Dust emission has to be reduced according to the actual environmental regulations and 

depends on a lot of factors.  

The newly installed equipment at the quay has to be designed according to the Best Available 

Technique principle. This will reduce dust and noise emission as much as possible.  
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The amount of freight movements on the Lage Kanaaldijk is restricted, this leaves less space 

available for extra freight of other activities at the ENCI terrain.  

Because only two new loading devices are necessary, there will probably be more noise 

emission space available than forecasted in the sound emission study of Caubergh-Huygen 

(2009).   

Which method of unloading barges creates the lowest environmental pressure 
and is the most cost efficient?   

The use of a continuous unloading system, like a pneumatic unloading system, a bucket 

elevator or a chain unloader, would cause the lowest dust emission. The reduction in noise 

emission of these installations in comparison with grab cranes is unknown. Because clinker is 

highly abrasive, continuous unloading systems can not be used to unload clinker. Moreover 

the amount of clinker to be supplied will be more then 50% of the total supplied material. 

Therefore a different unloading facility for clinker would reduce the flexibility and efficiency 

of the terminal, because the optimal unloading strategy can not be used.  

As a result the only suitable unloading device will be a grab crane and therefore the cost 

efficiency calculations between the different systems will be neglected. Different types of 

cranes are possible, but a mobile slewing cable crane is preferred in relation to its capacity 

and multifunctionality.  

The required capacity of 1.700.000 tons a year can be handled with two cranes, without 

exceeding the unloading times as mentioned in the Establishment License
 
regulations.  

Noise and dust emission can be reduced by automation of the crane, usage of the right 

optimised grab, regular maintenance and a usage code. Using eco-hoppers will reduce the 

dust emission during deposit.  

Is the use of the ENCI quarry as a retention basin desirable? 

Due to climatic change there is an increase in water flow expected, which could result in 

more floods if no sufficient prevention measures are taken. Therefore, different studies advice 

to save already space for future prevention measures. Because these studies expect that 

prevention measures in France and Belgium will not adequately decrease the flow in the 

Maas on Dutch territory. A study presented that the use of the ENCI quarry as retention basin 

could be helpful in the prevention of floods downstream. However, some data from that study 

is already outdated and in this way it is not sure if these conclusions still count.  

On the other hand, it will be wise to remember the remark, in the discussion about the 

retention basin, that it might become necessary to reserve already space for future prevention 

measures. At the same time it should be taken into account that using the quarry as a retention 

basin will have consequences for the future developments of the quarry.  

Is it possible, economically and environmentally interesting to create an inland 
harbour? 

The only available location to construct an inland harbour will be at the south side of the 

ENCI terrain. This is because of the possible presence of the retention basin canal and space 

restrictions. Nautical construction regulations are accounted to the harbour entrance and the 

damming function of the harbour. Realizing an inland harbour will have advantages and 

disadvantages. A better connection to the business area and a reduction of the dust emission 

on the boundaries of the establishment are the advantages. Extra investment costs are the 

main disadvantage. These occur due to, extra construction activities, adjustments to the 

present utility functions, road moving costs and extra (longer) conveyor-belts. What the effect 

of the inland harbour will be on the noise emission zone will be only known after modelling. 
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This modelling will not be done, because creating an inland harbour will considered as 

technically and economically not feasible due to the major disadvantages.   

Is the new quay advantageous for external parties? 

The unloading devices, including hoppers and conveyor belts, can be used for a lot of 

different bulk materials. However it could be possible that some minor adjustments are 

necessary to the equipment.  

Slewing cranes with a required turnover of up to 1000 ton/hour will have a lifting capacity of 

55 ton. In this way it is possible to lift piece goods. Examples are: lifting containers up to 40ft 

and lifting yachts out of the water.   

The unloading devices are constructed on an annual turnover of up to 1.700.000 tons, which 

corresponds with the maximum capacity of the cement milling installations. Handling 

capacity for activities of external parties is not taken into account. If, however, before the 

design phase of the cranes is started it is known what the extra necessary capacity has to be 

for external parties, then the unloading devices can be adjusted at this capacity.   

On the other hand, when analyzing the sales prognosis it can be seen that there is an 

overcapacity at the quay. This overcapacity can even be higher if the peaks in the cement 

production are taken into account. Good management is required to optimally use this 

overcapacity.  

Due to the freight movement restriction at the Lage Kanaaldijk the equipment at the quay can 

only be used to transfer goods to the business area, and it will not be possible to transport the 

goods to elsewhere.  

Which logistical issues have to be taken into account to handle the material 
from the quay to the plant?  

Some conveyor belts have to be adjusted to create a higher handling capacity. This involves 

the conveyor belts at the quay and those that transport clinker. The conveyor belts that 

transport the other materials are adequate.  

Because the current storage capacity results in a stock period of at least ten days for cement 

mill 16, which is sufficient, no adjustments have to be made.  

 

Recommendations 

 

Present a proposal in the perspective of the ENCI Company, for the use of their quay on the 

time periods 2015-2025, and beyond 2025. The primary goal of this proposal is the use of the 

quay by ENCI itself. The secondary goal is the use of the shore by external parties.  

 

The primary function of the quay is the unloading of materials intended for ENCI. Therefore; 

to handle the supply of 1.700.000 tons of raw-materials;  

- expand the current quay until a total length of 300 m. In this way the scaling in the 

inland shipping is taken into account and two vessels or barges can moor at the same 

time. 

- install two cranes with an average capacity of 500-600 ton / hour and which are also 

usable for the unloading of piece goods 

- install two new hoppers that can handle the crane capacity  

- construct new conveyor belts that can handle the required capacity 

- storage capacity does not have to be expanded, if materials are supplied on demand 

and if a stock period of maximal 10 days for cement mill 16 is seen as sufficient.  
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- manage crane usage and storage capacity to create optimally usage of unloading 

overcapacity 

 

To create usage functions at the quay for external parties it is required that the unloading 

devices can be used for handling of more goods then just the ENCI raw-material. This applies 

for bulk goods as well as for piece goods. In this way no extra investments, depending on the 

required capacity, are necessary for a multifunctional use of the quay. 

 

This multifunctional aspect of the quay is of major importance for the development of the 

business area. Because the quay is due to counting environmental regulations almost the only 

supply possibility.   

Limitations and future research  

Because of the focus of this study on the quay design and the uncertainty about future 

settlement of industries, there is in this study only a draft shown of an industrial symbiosis 

process at the ENCI terrain 

To optimally develop the business area, it is recommended to elaborate this draft. Also the 

expanding of the anchor tenant function of ENCI has to be investigated. By e.g, starting a 

feasibility study to the development of the biomass plant or trying to start other industrial 

symbiosis initiatives.  

In the calculations of the unloading capacity, assumptions were done about the vessel arrival 

time. If the plan will be executed, vessel handling simulations can be carried through to 

determine the real arrival time, which will have consequences for the material handling. 

Simulations can be done to optimize the stock and handling of material without increasing 

investment cost. Optimizing of vessel handling can increase the unloading efficiency. 

Increasing the unloading capacity can also be done through increasing the crane efficiency. 

Research to possibilities to increase crane efficiency would be useful.  

Optimizing the overcapacity at the quay would also be advised. In this way the rate of return 

on the investment will increase. In the design process the carrying capacity of the current 

quay has to be checked against the construction requirements of the new unloading devices.  

Because of the restrictions on the freight on the Lage Kanaaldijk research can be done to 

possibilities to transport material to the other side of the Maas. This could be done for 

example via pipes a bridge or a ferryboat. In this way the hindrance at the Lage Kanaaldijk 

will decrease and a better connection to the highway A2 will occur.  

The results of this study could also be useful for companies and policymakers that face the 

same kind of challenges about the revitalization of business areas.  
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Appendices 

Appendix I: Location of ENCI Maastricht BV  

 

Figure A-I: Location of ENCI Maastricht BV, (Arcadis 2009a, p.17) 
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Appendix II: roads to ENCI Maastricht BV 
 

 
Figure A-II: Roads to the ENCI plant. (DGMR Industrie, Verkeer en Milieu B.V. 2009, p.2) 
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Appendix III: Flow chart of cement production process 

 
Figure A-III: Mass flow chart of production process with amounts per year 
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Appendix IV: Noise production outline  

 
Figure A-IV: Noise production outline around ENCI (Cauberg-

Huygen Raadgevende Ingenieurs BV) 

 



 86 

 

Appendix V: Noise emission observation points 

 
Figure A-V: Noise emission observation points (Cauberg-

Huygen Raadgevende Ingenieurs BV, 2009) 
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Appendix VI: Noise emission data 

 
Langtijdgemiddeld beoordelingsniveau LAr,LT dB(A) Etmaalwaarde Bi 

dB(A) 

dag avond nacht 

Punt 

nr. 

Omschrijving 

beoordelingspunt 

07.00-19.00 u 19.00-23.00 u 23.00-07.00 u 

berekend normering 

1 Woning Ursulinenweg 7 33.2 32.3 30.7 41 55* 

2 Woning Ursulinenweg 3 36.6 35.4 32.8 43 55* 

3 Woning Ursulinenweg 2 39.0 37.9 35.6 46  

4 Woning zonnebergweg 10 43.0 41.5 41.0 51 55* 

5 Woning mergelweg 359 31.6 28.8 26.9 37  

6 Lage Kanaaldijk 123 46.2 44.8 38.4 50 50 

7** MP2 Hoeve Lichtenberg 48.6 47.6 46.2 56 58 

8** MP3 Huize Hoogenweerth 51.2 49.3 45.6 56 56 

9 Woning Irisbeemd 41 43.3 41.8 38.7 49  

10** MP1 vm directeurswoning 42.5 41.5 38.9 49 50 

11** Zonepunt 29.4 26.1 23.0 33 50 

12** Zonepunt 32.7 31.2 28.9 39 50 

13** Zonepunt 29.6 28.9 27.7 38 50 

14** Zonepunt 42.3 41.1 36.7 47 50 

15** Zonepunt 44.1 42.5 39.3 49 50 

16** Zonepunt 45.0 43.0 38.9 49 50 

17** Zonepunt 36.8 35.7 32.0 42 50 

18** Zonepunt 28.6 26.1 23.3 33 50 

19 MP4 Rijksgrens bij Kanne 35.9 35.5 35.0 45 48 

20 MP5 Van Schaikweg bij 

eindpunt Pieterpad 
46.3 43.9 42.0 52 56 

* maximum allowable noise production (MTG) conform “Ministerieel besluit van V.R.O.M. van 4 januari 1994 met kenmerk MBG 
08793020” 

** observation points of noise production zone and MTG points  

Table A-VIa: Noise control points with corresponding noise production values at company 

situation 2009 (Cauberg-Huygen 2009) (Besluit van Gedeputeerde Staten van Limburg 2010) 

 
Langtijdgemiddeld beoordelingsniveau LAr,LT dB(A) Etmaalwaarde Bi 

***dB(A) 

dag avond nacht 

Punt 

nr. 

Omschrijving 

beoordelingspunt 

07.00-19.00 u 19.00-23.00 u 23.00-07.00 u 

berekend normering 

1 Woning Ursulinenweg 7 28.7 27.8 25.2 35 55* 

2 Woning Ursulinenweg 3 34.6 33.7 30.8 41 55* 

3 Woning Ursulinenweg 2 37.4 36.5 33.5 44  

4 Woning zonnebergweg 10 33.6 33.3 32.9 43 55* 

5 Woning mergelweg 359 19.8 19.6 19.4 29  

6 Lage Kanaaldijk 123 48.0 46.7 39.6 52 50 

7** MP2 Hoeve Lichtenberg 44.9 44.5 43.9 54 58 

8** MP3 Huize Hoogenweerth 51.4 49.6 44.7 55 56 

9 Woning Irisbeemd 41 43.8 42.4 37.7 48  

10** MP1 vm directeurswoning 41.7 40.7 37.4 47 50 

11** Zonepunt 15.5 15.3 14.9 25 50 

12** Zonepunt 19.4 19.1 18.7 29 50 

13** Zonepunt 18.1 17.7 17.0 27 50 

14** Zonepunt 43.7 42.5 36.3 48 50 

15** Zonepunt 43.2 41.9 36.9 47 50 

16** Zonepunt 45.3 43.5 38.4 48 50 

17** Zonepunt 34.7 33.6 28.3 39 50 

18** Zonepunt 14.7 14.5 14.1 24 50 

19 MP4 Rijksgrens bij Kanne 29.2 29.0 28.7 39 48 

20 MP5 Van Schaikweg bij 
eindpunt Pieterpad 

34.6 34.4 33.9 44 56 

* maximum allowable noise production (MTG) at houses within noise production zone conform “Ministerieel besluit van V.R.O.M. van 4 

januari 1994 met kenmerk MBG 08793020” 

** observation points of noise production zone and MTG points  

*** the day value (Bi) is the highest value of the following calculations; (LAr,LT day + 0 dB) or  (LAr,LT evening + 5 dB) or (LAr,LT night + 10 dB) 

 

Table A-VIb: Noise control points with corresponding noise production values at company 

situation after December 31st 2019 (Cauberg-Huygen 2009)  
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Etmaalwaarde Bi  [dB(A)] Geluidruimte [dB(A)]*** 

= grenswaarde – bijdrage 
van ENCI  

(Lp3) 

Punt 

nr. 

Omschrijving 

beoordelingspunt 

bestaand 
 

toekomstig 
(Lp2) 

Verschil = bestaand - 
toekomstig 

Normering 
(Lp1) 

toekomst Huidig en 
autonoom 

1 Woning Ursulinenweg 7 41 35 6 55*   

2 Woning Ursulinenweg 3 43 41 2 55*   

3 Woning Ursulinenweg 2 46 44 2    

4 Woning zonnebergweg 10 51 43 8 55*   

5 Woning mergelweg 359 37 29 8    

6 Lage Kanaaldijk 123 50 52 -2 50   

7** MP2 Hoeve Lichtenberg 56 54 2 58 56 54 

8** MP3 Huize Hoogenweerth 56 55 1 56 49 <41 

9 Woning Irisbeemd 41 49 48 1    

10** MP1 vm directeurswoning 49 47 2 50 47 43 

11** Zonepunt 33 25 8 50 50 50 

12** Zonepunt 39 29 10 50 50 50 

13** Zonepunt 38 27 11 50 50 50 

14** Zonepunt 47 48 -1 50 46 47 

15** Zonepunt 49 47 2 50 47 43 

16** Zonepunt 49 48 1 50 46 43 

17** Zonepunt 42 39 3 50 50 49 

18** Zonepunt 33 24 9 50 50 50 

19 MP4 Rijksgrens bij Kanne 45 39 6 48   

20 MP5 Van Schaikweg bij 

eindpunt Pieterpad 
52 44 8 56   

* maximum allowable noise production (MTG) conform “Ministerieel besluit van V.R.O.M. van 4 januari 1994 met kenmerk MBG 

08793020” 

** observation points of noise production zone and MTG points  

*** Available sound production (Lp3) = 10*LOG (100,1Lp1 – 100,1Lp2)  

Table A-VIc: Comparison between noise observation points with corresponding noise 

production values between company situation in 2009 and after December 31st 2019 

(Cauberg-Huygen 2009)  

 

Lwr Bedrijfsduur in % Bronnr. Naam 

dB(A) dag avond nacht 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

383 

387 

 

Loskraan klinkers 

Afblaas w1 silo 

Afblaas w2 silo 

Afblaas n silo 

Afblaas z silo 

Afblaas o silo 

Onderzijde silo n 

Onderzijde silo w 

Onderzijde silo o 

Gevel silo n 

Gevel silo w 

Gevel silo o 

Gevel silo z 

Dakvlak silo 

Uitbl. stoffilter kl 

Aandr. stoffilter kl 

Bobcat in schip 

 

91.2 

85.5 

85.2 

79.7 

85.5 

85.5 

91.6 

91.0 

96.2 

78.3 

78.3 

78.3 

78.3 

78.9 

96.2 

96.8 

97.6 

 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

12.50 

Table A-VId: Sound emission sources of ‘topperkraan’ installation used for calculating future 

situation (Cauberg-Huygen 2009) 



 89 

 

 

Appendix VII: Best Available Techniques  

 

 
Figure A-VII: BAT for unloading activities (Infomil 2008; Tauw BV 2009) 
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Appendix VIII: Overview of present quay activities 
 

        A = cement loading points 

        B = ‘Buidel’crane  

A D = kiln fly ash unloading 

installation 

E = quay for unloading piece 

goods 

F = water intake point 

G = cement fly ash unloading 

installation   

T = ‘Topper’ crane    
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Figure A-VIII: overview of   

                              D                                                             current quay activities          
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Appendix IX: Map of waterways in The Netherlands and Belgium   
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Figure A-IX: Map of waterways in The Netherlands 

and Belgium, with corresponding legend (Promotie 

binnenvaart Vlaanderen, 2010). Some waterways 

will be used for the transport of the raw-material to 

ENCI 
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Appendix X: Overview of inland harbour location 

 
Figure A-X: Inland harbour location at ENCI terrain (blue shadowed area). Red lines outline 

the buildings that can not be demolished to create the inland harbour 
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Appendix XI: Overview of allocation of activities on business area  

 
 

Light gray area;  Only ENCI activities 

Purple area;   Manufacturing activities 

Dark blue;   Trading activities 

Light blue;   Producer and consumer services  

Orange;  Quay area 

 

Figure A-XI: Overview of spread of activities on business area with corresponding legend 

(Werkgroep bedrijventerrein 2009). 
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