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Abstract 

There are significant economic and environmental interests to transport the sludge, which comes from the sewage treatment plants, to the incinerators by inland waterways. Due to the physical and chemical characteristics of the sludge, conventional means of waterway transport meet with the limits and the new technologies should be introduced, especially in the aspects of sludge holding and handling. This paper will introduce briefly the study made for the local communities in the region Walloon (Belgium) to establish such systems of sludge transport by inland waterways. The study covered the handling and holding techniques, the optimal shipping operations, and the socio-economic benefits assessments.
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1. INTRODUTION

As a strategic measure to integrate the waste water treatments, energy generation, pollution controls, and environmental protection in a sustainable production/consumption social model,  series of waste water treatment systems were planed and realized in the region Walloon (Belgium), with the cooperation of the local communities,  to produce the clean water for agreeable living environments. In these systems, the sludge that is produced in the sewage treatment plants should be dewatered and then transported to the incinerators, where it is burned to participate the energy generation. In this perfectly designed recycle procedure, the safe and secure transportation of the sludge plays an important role to guarantee the economic and environment-friendly operations.

Planning an economic and ecological system of the sludge transport, marching with the waste water treatment technologies, become an indispensable works to support the important decision-making that concerns with the choice of the optimal means of transportation, the adapts of efficient handing facilities/equipments, the determination of optimal locations of incinerators/sewage treatment plants, and the estimation of incinerators’ capacity, etc.  

Currently, the sludge transport is realized by trucks. Shifting the traffic to inland waterways will bring the socio-economic benefits regarding to the transport cost, traffic congestion, and environmental impacts. Conforming to EU transport policies and addressing to the practical users’ interests, a feasibility study on the sludge transport by inland waterways were carried out by ANAST, University of Liege.

Unlike the theoretical research, this is a practical study, which requires (1) technical and operational feasibility of the whole system; and (2) market availability of the necessary hardware/software elements, so that the results might be applicable directly to the targeted case. 

2. HANDLING & TRANSPORT TECHNOLOGIES

After dewatered, the sludge from the sewage treatment plants looks like mud with a little of odor (see the Fig. 1). Its density can be considered between 0.9 – 1 tons/m³. When it is ready to be transport, its dewater rate is between 12-25%. How to handle the massive sludge from/to inland vessels, with minimal pollutions during the handling and transport operations, is really a delicate question. Search for the effective technical solutions is a key to the success of the study. 
[image: image5.emf]
Taking account of the sludge’s physical and chemical characteristics, the study analyzed the possible technologies that deal with (1) the facilities for sludge charging/discharging; (2) the holders for sludge storages; (3) the containers for sludge transportation, and (4) the system of linking to sewage treatment plants/incinerators. The required equipment for the sludge of different dewatering rate was determined.

Several sludge holding methods were analyzed and compared to see the possibility of integrations into the transport plan. For example, the methods of using the ship hull as the holders (Fig 2) and the tanks as holders (Fig 3) were compared. 
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Actually, the selection of the holder is strictly limited by the accompanied handling equipment and facilities. In another world, the holding facilities both for the ships and for the shores should match with the handling equips selected for the case so as to reach the smooth and effective operations in the processes of transshipment. 
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Handling methods, which should be industrially practicable, were searched and analyzed with the focuses on the operational parameters and the capacities, in order to make the optimal matches with the connecting interfaces. For example, the methods of utilizing the mud pumps (Fig. 4), conveyors (Fig.5), and containers (Fig. 6) are all studied in course of elaborating adaptable technologies for the system. 

After the comparisons and the syntheses, innovative concepts were introduced in the elaborations of this dedicated system. Two solutions that are characterized as technically feasible, operationally reliable, systematically adaptable, and market available were recommended. One of them is the container-based system, which uses enforced containers as the sludge holders and implements the conventional container handling facilities. Of course, necessary technical modifications on the conventional handling system should be made so as to adapt for the situation both at the side of incinerator and the side of sewage treatment stations. This system can be simply illustrated as in the Fig. 7. 

[image: image1]
The other is the tank-based system where special conveyors are used for the charging/discharging operations. In this system, special tank ships (which can be transformed from the conventional vessels) with the necessary installations, as well as the corresponding installations on the shore sides, are required. Even though, this system seems more complicated than the previous one, it might supply a kind of smooth operations with minimal noises and pollutions. Of course, many technical details, for example the ways of cleaning holders, have already considered and the suitable solutions are ready.  This system can be simply illustrated in the Fig. 8. 

[image: image2]
3. OPERATIONS ORGANIZATION


Integration of the technical innovations in planning a practically operable system constitutes the vital part of the study to optimize the whole transport system. With the considerations of the (1) characteristics of the technical solutions; (2) the specifications of navigable vessels; (3) the parameters of inland waterways; (4) the locations, the volume, and the storage capacity of the swage treatment plants; (6) the regulations of navigations; (6) the time of charging/discharging; and (7) the socio-economic acceptances, the study drew a sequence of operational options for the transport organization. ANAST’s inland waterway transport models were applied in this case to figure out the optimal transport plan. The Fig 9 shows the locations of the potentials incinerators and the sewage treatment plants along the inland waterways. 


[image: image3]

The operational details (ships, facilities, delays, turn-round, etc.) and the system requirements (equipments, storages, etc.) of each option were well analyzed, scheduled, and optimized. It is a complicated and time-consuming working procedure in order to give an optimal and practical operation plan. As an example, the following illustration (Fig. 10) explains the way of time and cost analysis.

[image: image4]

Together with the elaboration of transport plan, the optimal location and capacity of the new incinerators were figured out. They are important elements of the dedicated transport system and are recommended to support the political negotiations and the investment arrangement.  
4. ECONOMIC AND ENVIRONMENTAL ASSESSEMENTS


The economic and environmental assessments were conducted as the last part of this study, with the comprehensible socio-economic languages, to help the evaluations of the decision options for establishing such a sludge transport system by inland waterways. The evaluations consist of the components of:
a. Evaluations of the system investment: Due to the changes of different elements in the existing transport system (for example, the shore facilities/infrastructure should be constructed, the new type of inland vessels should be built, etc.), the amount of necessary investment should be evaluated before the final decision. According to current prices in the markets, an appropriate evaluation of the required investments, which is associated with each recommended transport plans and scenarios, was made. The results of this evaluation would server for the follow-up cost/benefit analysis.  
b. Calculations of the transport cost: By using the cost calculation model, which has developed since long time in ANAST and which can calculate automatically different cost components, the study compared the costs of different scenarios (truck only, waterways only, multimodal, etc.). 
c. Estimations of the reliability, security and social benefits: In additional to the cost and time, reliability and security are very important criteria of competitiveness in nowadays transport market. To clarify the potential benefits of the suggested transport system, the advanced assessment methods were implemented to estimate the improvements in the reliability, security, and the social benefits.
d. Assessments on the environmental impacts: Shifting the traffic from the road to the inland waterway will reduce the environmental impacts caused by the transport activities. To quantify the benefits in the aspects of environments, this study calculated the differences of various scenarios in CO2/NOx emission, in the noises/nuisances, and in the consequences of the congestions. 
e. Cost/Benefit analysis: To synthesize the calculation results and expressed them in monetary term, cost/benefit analysis was made, setting up a common indicators of comparisons for the final decision. 
5. CONCLUSIONS

This study searched for the technically and economically feasible solutions for the transportation of sludge from sewage treatment stations to the incinerators. It deals with the both technical and operational problems of the dedicated transport task in order to establish the optimal system benefiting both the socio-economic developments and the environmental protection. The results from the study give the complete and practicable transport plan for the realizations.  The conclusions from the study can be summarized as:  

· Two solutions (one is the container-based system and the other is the tank-based system) are found to be the technically feasible. They are both realizable by implementing the technologies and the equipment available in the current market. They are recommended for the dedicated transportation. 
· Innovative concepts were integrated into the second solution, which shows better socio-economic effects in view of environmental protection, operation efficiency, and the adaptation to the dedicated traffic volume.  
· With the considerations of the handling characteristics, which are determined by the technologies, the operations details were figured out through the combined optimization of the key parameters concerning the waterways, the facilities, the traffic, the ships, etc. They include the shipping routes, handling delays, rescue measures, and the operational rules.

· By means of assessment, it is concluded that sludge transportation via inland waterway is more reliable, safer, more economic, and more environmental friendly than that via the road. Adaptations of the recommended system will benefit for the transport activities and the environment protection, contributing to the sustainable socio-economic development in the region. 
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Fig. 1 Sludge





Fig 2 Hull Holder
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Fig. 4 Sludge Pump





Fig.5 Conveyor





Fig. 6 containers





Fig.7 Container-based system





Fig. 8, Conveyor-based System
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Fig. 9 Locations of potential sites





Fig. Time & cost analysis
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