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ABSTRACT
The strong growth of the population, coupled with the increase in wastewater production, results in a large
quantity of sewage sludge, which requires an adequate final disposal in accordance with the portuguese
legislation related to this problemated issue. The main purpose of the Master Thesis is to study alternatives
that minimize the cost of transportation and final disposal of sludge in small wastewater treament plants
in Mafra. To reach this goal is crucial to reduce the volume of sludge transported. In this study were
evaluated the sludge dewatering performance of unplanted drying beds, placed inside and outside the
greenhouse of the Póvoa da Galega wastewater treatment plant, located in Mafra council. Due to poor
performance of the wastewater treatment plant, greenhouse improvement solutions were proposed to
improve the dehydration process. Taking advantage of the investment made in the Póvoa da Galega
wastewater treatment plant, the hypothesis of centralizing the drying of the sludge produced in the
municipality of Mafra in this wastewater treatment plant was analyzed. Finally, an economic analysis of the
current situation with the proposed situation was made based on three alternatives of investment in the
remodeling of the greenhouse.
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1. INTRODUTION
Increased use of water and wastewater treatment has had a number of environmental consequences.
Particular emphasis is placed on the significant increase in the production of sewage sludge. At present,
the concern is to minimize environmental impacts and protect water resources from engineering activities.
One of the priorities for ensuring proper wastewater management is to define the most appropriate final
destination for sludge, in particular the re-use of by-products created at treatment plants.

2. PORTUGUESE LEGISLATION
In order to ensure the potential of its final product, all operations involved from the treatment to the final
destination of the sludge are subject to legal regulation. As an example of the impact of legislation in this
area, the legal obligation to treat sludge from waste water and, especially in environmental regulation, the
imposition of restrictions on the quality of waste water treatment, handling of the sludge and in the
different slopes of recovery of this residue.
The following legislation will be presented at national level, with direct and indirect implications for the
production of sludge, treatment processes and final destination. In Portugal, all standards are transposed
into national law by the directives established in the European Union.
Decree-Law no. 276/2009, of October 2, presents the most recent regulations on the use of sewage sludge
in agricultural soils.
TABLE 1 LIMIT VALUES OF MICROBIOLOGICAL PARAMETERS IN SLUDGE INTENDED FOR AGRICULTURE.

Microrganismos

Valores limite

Escherichia Coli

<1000 células/g de matéria fresca

Salmonella spp

Ausente em 50 g de material original

According to Decree-Law no. 446/91, of November 22, to have the licensing of the application of sludge
treated in agriculture, the pH value of the sludge must be less than 5,5.

3. CASE STUDY – WASTEWATER TREATMENT PLANT OF PÓVOA DA GALEGA
3.1. GENERAL CONSIDERATIONS
Effective drying of the sludge facilitates its transport to the final destination. For the study of sludge
dehydration, the solids content parameter is usually evaluated. In addition, information on meteorological
data is relevant for a better evaluation of the sludge drying process. In this dissertation the efficiency of
dewatering of sludge in conventional drying beds will be evaluated.
The objective of this chapter is to perform a comparative analysis of the dewatering of the sludge in two
drying beds, placed inside and outside the greenhouse of the Póvoa da Galega WWTP. It is intended to
identify the most efficient sludge drying technique in order to minimize the volume of sludge to be
transported to its final destination.
In the characterization of the sludge, the parameters were determined: pH, sludge temperature, volume
of runoff, solids content, COD, Escherichia coli and Salmonella spp. Some parameters were measured on
the days of sampling at the WWTP, and others were analyzed at the WWTP Laboratory at Malveira. The
methodology used in the determination of these parameters was based on the Standard Methods for the
Examination of Water and Wastewater (APHA, 1998).

3.2. METHODOLOGY
The case study was carried out at the Póvoa da Galega WWTP from 17 May to 12 June. A drying cycle was
performed with the assembly of a pilot bed outside the kiln (LSA - Drying bed A) and inside the kiln (LSD Drying bed D). To simulate a drying bed, a plastic tank with a plant size of 115 by 95 cm was used. Both
drying beds have the same size of the support structure and identical constitution of the layers of the filter
medium. The filling height of the sludge in both beds was 32 cm. The figure 1 illustrates the constitution of
the different layers of filter material from the drying bed.

FIGURE 1 TRANSVERSE AND LONGITUDINAL PROFILE OF THE DRYING BED MADE IN AUTOCAD (MEASURED IN CM).

The filter material of the drying bed consists of three layers: 20 cm of gravel, 10 cm of pebble and 10 cm of
sand. The material of the lower layer has a larger particle size than the upper layer. The materials used in
the constitution of the drying bed filter media are shown in the figure 2.

FIGURE 2 DIFFERENT MATERIALS OF THE FILTER MEDIA (GRAVEL, PEBBLE, SAND).

Before filling the beds, two control vessels (RA and RD) were placed inside and outside the drying beds with
a volume capacity of approximately 250 cm3. It was intended to evaluate the effect of evapotranspiration
and water percolation in the two pilot drying beds.
For meteorological measuring equipment, these were recorded through a weather station model WS-GP1
near the drying bed outside the greenhouse, and a Testo 435 probe inside the greenhouse. The
meteorological variables necessary for the study of dehydration of the drying beds are temperature, air
humidity and wind speed, with a measurement period of one hour.

3.3. RESULTS OF SLUDGE DRYING CYCLE
In figure 3 the volume of sludge is represented along the drying cycle. It is observed that the volume of
sludge decreases gradually, stabilizing on 1 June, which corresponds to 24 days of the drying cycle. The
initial sludge volume of the two drying beds is 349,600 cm 3. It was possible to obtain a volume reduction
of approximately 84 and 80% in the pilot plant placed outside and inside the greenhouse.
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FIGURE 3 EVOLUTION OF SLUDGE VOLUME IN THE TWO PILOT FACILITIES.

Dehydration of the sludge in the drying bed can be done through drainage and evaporation processes.
Typically, the initial dewatering effect of the sludge is felt through the gravity drainage process, which
allows percolation of the water in the sludge into the interstices of the filter media until it reaches the
drainage system. At the end of the drying cycle, sludge moisture is lost through the evapotranspiration
process. This effect is dependent on the conditions of temperature, wind speed and humidity. The effect
of drainage on the sludge along the drying cycle is shown in figure 4.
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FIGURE 4 EFFECT OF DRAINAGE ON CONTROL VESSELS A AND D.

It was found that the volume of runoff accumulated along the drying cycle shows a behavior similar to a
logarithmic function: a marked increase in the first 5 days of the cycle and starting every 5 days the volume
of run-off collected daily is practically zero.

ALTURA DAS LAMAS NO RECIPIENTE
DE CONTROLO (CM)

The release of water in the sludge by the evapotranspiration process is shown in figure 5.
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FIGURE 5 EFFECT OF EVAPOTRANSPIRATION OF SLUDGE ON CONTAINERS RA AND RD.

The thickness of the sludge in the container outside the LSD bed (evapotranspiration effect only) increased
slightly on the 2nd and 3rd day of the cycle when compared to the initial value of 19.8 cm. The justification
for this is related to the possible condensation of water vapor inside the greenhouse in the first days of the
drying cycle, which made the sludge dehydration process difficult. The efficiency of the evapotranspiration
process in the LSA and LSD bed is 78 and 71%, respectively.
The gradual appearance of sludge along the drying cycle can be seen in figure 6 through photographs taken
from the LSA bed. It has been found that in the first days the sludge is very viscous due to the high moisture
content. With the elimination of water, the sludge will have several slits until it is possible to observe the
material of the filter medium.

FIGURE 6 APPEARANCE OF THE SLUDGE IN THE LSA BED DURING THE DRYING CYCLE.

The evolution of the solids content (%) in the sludge in the two drying beds is shown in figure 7.
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FIGURE 7 EVOLUTION OF THE SOLIDS CONTENT OF THE SLUDGE IN THE DRYING BED A AND D.

The table 2 shows the values obtained for the two microbiological parameters. Because it is a very
expensive analysis, only the samples of the first and last day of the drying cycle were analyzed.

TABLE 2 VALUES OF THE MICROBIOLOGICAL PARAMETERS IN THE DRYING CYCLE.

Parâmetros microbiológicos
Data

Escherichia Coli (NMP/g)
LSA

Salmonella spp (/50g)

LSD

17/mai

9,80 x 104

19/jun

4

6,10 x 10

4,88 x 10

4

LSA

LSD

Negativo

Negativo

Negativo

Negativo

These sludge cannot be applied to agricultural soils, since the value of Escherichia coli must be less than
1000, according to Decree-Law no. 276/2009 of 2 October. Their use in agriculture requires the need for
prior valorization treatment.

4. ECONOMIC ANALYSIS – CENTRALIZATION OF SLUDGE DRYING IN THE MAFRA SYSTEM
4.1. GENERAL FRAMEWORK
Based on the results obtained in the sludge dewatering process of the Póvoa da Galega WWTP, it was found
that the dehydration rate of the sludge in the bed located outside the greenhouse is 50% higher when
compared to the drying bed placed inside the sludge greenhouse. In this way, a solution will be presented
to make it more advantageous to use the kiln in the sludge dewatering process, namely a better ventilation
system and the installation of a sludge revolving equipment.
The main focus of this dissertation is to minimize the cost of transportation of the sludge produced in the
municipality of Mafra, and its final destination, the composting center of Chamusca. It is intended to
demonstrate that the creation of a central sludge drying unit in the Mafra system is an economically more
advantageous solution than the current situation. Finally, a comparative analysis of the transport costs of
the sludge will be carried out in the current situation of the municipality of Mafra and in the proposed

academic case. In this dissertation the transportation of 20% of total sludge production in the municipality
of Mafra was analyzed. It should also be pointed out that the WWTPs that will be taken into account in the
economic analysis of the sludge centralization study in the municipality of Mafra are all those whose
population is less than 1500 inhabitants

4.2. CURRENT SCENARIO
Currently, the sludge transport from all WWTPs in the municipality of Mafra to the composting plant is
done individually from each WWTP to the composting plant at Chamusca, after the sludge drying operation.
This cost of transportation is assessed by Terra Fértil at € 0.19 / t, plus 50% for the removal of sludge from
its dewatering systems. The sludge is transported by a truck with a storage capacity of 30 tons. The data
relating to the calculation of the annual cost of individual transport of the sludge to the composting plant
is given in table 3. The following data are for the year 2016.

TABLE 3 DATA ON THE ANNUAL COST OF TRANSPORT OF SLUDGE IN THE CURRENT SITUATION.

Quantidade de
lamas produzidas

Frequência de
Distância (km)

(ton/ano)

recolha das
lamas

Custo anual de
transporte (€/ano)

Cheleiros

5,97

163

2

277,3

Encarnação

17,91

164

2

837,1

Gradil/Caneira

292,53

156

10

13005,9

Milharado

11,94

152

2

517,2

Póvoa da Galega

973,11

150

33

41600,5

São Sebastião

11,94

158

2

537,7

TOTAL (€/ano)

56 775,7

4.3. ALTERNATIVE SCENARIO
4.3.1. I NVESTMENT IN G REENHOUSE R EMODELING
When considering the remodeling of the greenhouse at the Póvoa da Galega WWTP, the objective is to
evaluate the viability of an option to centralize the sludge dewatering process of all WWTPs in the
municipality of Mafra.
An estimate of the investments for the design of a drying kiln in Portugal is given in table 4. The data were
provided by the company Amprotec and were designed for a project of a WWTP with a sludge production
of 2500 tons / year.

TABLE 4 ESTIMATED INVESTMENT IN THE DESIGN OF A GREENHOUSE (AMPROTEC).

Investimento na conceção de uma estufa
Estufa (cobertura e estrutura metálica)

150 000 €

Ventilação

30 000 €

Construção civil (base da estufa/assentamento)

90 000 €

Construção civil (carril de suporte revolvedor)

90 000 €

Revolvedor SRT

155 000 €

Montagem e arranque da estação

50 000 €

Outros custos (iluminação, operadores)

15 000 €

TOTAL

550 000 €

As it is a remodeling, it is admitted that the necessary investment in the greenhouse of the Póvoa da Galega
WWTP will be between 250 000 and 350 000 €.

4.3.2. C OST OF SLUDGE TRANSPORTATION TO THE P ÓVOA DA G ALEGA

Sludge transport between WWTP is ensured by the company EGEO that evaluates the cost of routing these
wastes at 64 € / h. The capacity of the trucks used to carry out this service varies between 6 and 14 m3. In
order to optimize the storage of the trucks in the sludge collection, three routes were defined to the Póvoa
da Galega WWTP. The table 5 presents data on the annual cost of transportation of sludge from each
WWTP to the Póvoa da Galega WWTP.

TABLE 5 RELEVANT DATA ON THE TRANSPORT OF SLUDGE TO THE POVOA DA GALEGA WWTP.

Percurso

Rota 1

Rota 2
Rota 3

Volume anual de

Tempo do

Custo de transporte até

lamas (ton/ano)

serviço (h)

Póvoa da Galega (€/ano)

17,91

1,62

206,93

29,85

1,60

307,20

292,53

1,33

1792,00

São Sebastião  Cheleiros 
Póvoa da Galega
Encarnação  Milharado 
Póvoa da Galega
Gradil  Póvoa da Galega

TOTAL (€/ano)

2 306,13

4.3.3. C OST OF SLUDGE TRANSPORTATION FROM P ÓVOA DA G ALEGA TO THE COMPOSTING PLANT

Based on the results obtained from the Huber drying plants described in the previous chapter, it is possible
to obtain a drying efficiency of sludge above 70% dry matter. The cost of transporting the sludge from the
Póvoa da Galega WWTP to the composting plant is € 28.5 / ton, plus 50% for the sludge removal operation
from the drying beds.
For the determination of this cost of transportation from Póvoa da Galega to the composting plant, the
following assumptions were made:
 Annual sludge production (ton / month) = 602,43
 Final solids content = 70%
 Filling height = 0.5 m
 Sludge storage capacity = 55 ton
 Maximum drying time = 15 days
 Number of sludge collection per month = 2
It is concluded that the total cost of transporting the sludge to the composting plant is € 25 754.00 / year,
which corresponds to a reduction of approximately 50% of the value obtained in the current scenario.

4.4. BALANCE OF THE TWO SCENARIOS
In this subchapter, it is intended to determine the period of return on investment in the refurbishment of
the Póvoa WWTP, whose investment detail was described in subchapter 6.3. In the current scenario, the
cost of transporting sludge to the composting plant is higher than the cost obtained in the academic
scenario. It was initially assumed that the investment in the refurbishment of the greenhouse of the Póvoa
da Galega WWTP varies between 250,000 and 350,000 €. In this study, it was assumed that the average
volume of sludge produced remained constant during the analysis period of 15 years. In Figure 8, the
analysis of the financial return period of the three investment scenarios in the greenhouse remodeling is
presented.
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FIGURE 8 RETURN PERIOD OF THE INVESTMENT IN THE THREE INVESTMENT SCENARIOS.
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5. MAIN CONCLUSIONS

Based on the results obtained in the drying cycle, it was found that the solids content of the sludge in the
exterior and interior of the greenhouse was 39.95 and 27.13%, respectively. The parameters analyzed in
the Laboratory of the Wastewater Treatment Plant of Malveira, namely the dry matter of the sludge,
allowed to conclude that the dehydration of the sludge inside the greenhouse is 50% lower. This is due to
the fact that there is little ventilation of the air, which causes condensation of the water and hinders the
drying process of the sludge.
Regarding the economic feasibility of the greenhouse remodeling project, it is concluded that in the
scenario of higher investment, the return period was 12 years, being the least investment 8 years.
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