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Abstract. Sludge drying leads to volatisation and removal of part
of nitrogen contained in sludge. Removed nitrogen is usually condensed
and recirculated to activated sludge process. It is assumed that mass
of volatised nitrogen is equal to mass of soluble nitrogen in sludge.
However results obtained from full-scale drying facility shows that mass
of volatised nitrogen is 100% higher than mass of soluble nitrogen.
It is suspected that nitrogen mineralization occurs due to high temperature
maintained in dryers (> 220°C). These results are important as higher mass
of nitrogen in condensate makes its removal economically reasonable. This
paper shows results of nitrogen mass balance of full-scale drying facility.

1 Introduction
It is anticipated that in 2018 nearly 710 000 tons of dry sludge mass will be produced
in Poland [1]. In 2013 only 13% of sludge was thermally transformed [1] by 29 drying
facilities (12 solar and 17 mechanical) [2]. Additional 10 mechanical dryers were under
construction [2]. Fraction of sludge that is thermally transformed will increase in the future,
and new facilities will be commissioned. Therefore sludge drying will be common
technology in larger wastewater treatment plants.
Water removed from sludge during drying (condensate) contains nitrogen in form
of ammonium [3]. Condensate is recirculated to activated sludge process for nitrification.
It is assumed that drying leads to removal of only soluble nitrogen from sludge and organic
nitrogen remaining intact [3,4]. As most of soluble nitrogen is removed from sludge during
dewatering, mass of nitrogen in condensate from drying is considered low. It is however
possible that some part of organic nitrogen could be mineralized in full scale mechanical
dryers which are exploited at higher temperatures than dryers used in laboratory studies
[3,4].
M. Horttanainen [3] and K. Mustonen [4] showed interesting results on nitrogen flows
in lab-scale dryers fed with municipal sludge and sludge from paper industry. Tests were
conducted in different drying temperatures. Obtained results showed that only soluble
nitrogen is removed from sludge during drying and mass of nitrogen in fumes is ca 10%
of nitrogen in raw sludge. S. A. O’Shaughnessy [5] presented results on nitrogen loss
during solar drying. Most of nitrogen lost during drying was soluble nitrogen in evaporated
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water. Wang Y. et al. [6] and B. Karwowska et al. [7] published data on condensate
parameters from overall 3 full scale drying facilities. Their results shows that nitrogen
concentrations in condensate can exceed 500 g N/m3. However no data about nitrogen loads
were presented.
Therefore little is known about nitrogen flows during drying as only few papers are
available. If substantial mineralization of organic nitrogen occurs in full scale dryers it will
lead to additional mass of nitrogen recirculated. This is important information as it may
make treatment of sludge drying condensate feasible as well as indicate that nitrogen from
sludge drying facilities should be included in design process of activated sludge reactors
(which is not at this moment).
1.1 Aim of paper
Aim of this paper is to show evidence that substantial mineralization of organic nitrogen
may occur in sludge drying facilities. Thesis of nitrogen mineralization is confirmed by
measurements made in a full-scale sludge drying facility in Poland.

2 Materials and methods
Fermented sludge is delivered to dewatering by means of filter presses from which samples
were taken directly. Then it is collected in storage tanks and then fed into a drying line,
where condensate is released during the process. The dried sludge is collected in a bulk silo,
which was the second sampling site. The installation is shown in Figure No. 1.

Fig. 1. Sludge drying system.

Samples of dewatered and dried sludge were analyzed for dry matter and total nitrogen
content. Additionally, the content of ammonium nitrogen in the effluents after filter presses
was measured and the concentration of total Kjeldahl nitrogen was estimated on the basis
of the ratio between ammonium nitrogen and total nitrogen, based on historical data.
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Dewatered sludge stream as well as dried sludge stream were determined based on the IT
data from SCADA system. Condensate stream was determined as the difference between
two streams mentioned in previous sentence. The measurement methods are summarized
in Table No. 1.
Table 1. Analysis and calculation methods.
Stream type

Number
of
analyzes

Type of
laboratory
analysis

Methodology of laboratory
analysis

38

Dry mass

PN-EN 12880:2004

18

Total Kjeldahl
nitrogen

PN-EN 13342:2002

38

Dry mass

PN-EN 12880:2004

18

Total Kjeldahl
nitrogen

PN-EN 13342:2002

20

Ammonium
nitrogen

Hach Lange’s photometric
tests LCK303

-

Total Kjeldahl
nitrogen

The proportion of ammonium
nitrogen

Dewatered
sludge

Dried sludge

Condensate

Method for
determining the
mass stream
Weight in silo of
dewatered sludge

Weight of dried
sludge exported to
other companies
The difference
between dewatered
and dried sludge

3 Results
3.1 Theoretical nitrogen load in condensate
In the case of condensate it is assumed that the characteristics of the condensate stream
generated during the drying process should not differ from the dewatering liquid. Therefore
nitrogen load in condensate can be estimated on basis of nitrogen content in dewatering
liquid and mass of water removed during drying. The obtained data are presented
in Figure No. 2.

Fig. 2. Total nitrogen load in the condensate.
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Average theoretical nitrogen load in condensate is presented in Table No. 2.
3.2 Analysis of sludge
Nitrogen load in released condensate may also be calculated on basis of difference
in nitrogen load between dewatered and dried sludge. The results on total nitrogen
concentration in dewatered as well as dried sludge are presented in Figure No. 3.
The average dry matter content of 21.5% occurred in the case of dewatered sludge,
while the total nitrogen content was 4.92% of dry matter. In the case of dried sludge, these
values oscillated at 93.5% and 4.55% of dry matter, respectively. The monthly average flow
determined on the basis of data collected by the SCADA system was 94.6 t/d for dewatered
sludge and 20.9 t/d for dried sludge. The retention time of the sludge drying unit was
the same and was 3 minutes for each sample. Data fluctuations may result from
measurement uncertainty of dry matter of 10% of the value (according to the methodology
from Table 1).

Fig. 3. The nitrogen content in sludge.

The concentration of total Kjeldahl nitrogen in the condensate was determined
on the basis of the ratio between ammonium nitrogen and total nitrogen in the effluents
after filter presses on the same object (see Table No. 1, Chapter 2 and Chapter 3.1).
The results of calculations of loads are presented in Table No. 2.
Table 2. Calculation of nitrogen mass balance.
Stream type

Mass
stream

Nitrogen
concentration

Average dry
matter

Dewatered
sludge

94.6 t/d

4.9

% of dry
matter

21.5%

0.995 t N/d

995 kg N/d

Dried sludge

20.9 t/d

4.5

% of dry
matter

93.5%

0.879 t N/d

879 kg N/d

Condensate
(theoretical)

73.7 t/d

-

0.056 t N/d

56 kg N/d

765.8 g N/m3
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3.3 Nitrogen mass balance of sludge dewatered and dried
On the basis of the data from Table No. 2, the balance of streams shown in Figure 4 was
made.

Fig. 4. The balance of total nitrogen in the analyzed streams.

The nitrogen mass resulting from the difference of sludge streams (dewatered and dried)
is 116 kg N/d. While theoretical value is considerably lower (56 kg N/d).

4 Conclusions
Main conclusions are:
1. Mass of nitrogen in condensate is considerably higher than mass estimated
on basis of soluble nitrogen content in dewatered sludge before drying.
2. Mineralization of part of organic nitrogen may occur in dryer due to high sustained
temperature.
3. As knowledge about nitrogen flows in dryers is scarce, more research is needed
to confirm presented results.
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