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Introduction

Research Objective and Approach

18 % Dry ~ 82 % Moisture
content - content

Municipal sewage sludge (MSS) management
presents significant environmental
challenges due to its high moisture content,
exceeding 80%, resulting in costly and
energy-intensive drying processes. Current
conventional drying methods highlight a
pressing need for more efficient and
sustainable alternatives. This research
investigates the potential of biochar (BC), a
highly porous, carbon-rich material obtained
from wood biomass, to enhance the drying
rate and efficiency of MSS. The study
explores the hypothesis that BC addition can
significantly improve drying performance,
potentially offering a sustainable solution to
municipal sludge treatment.

Fig. 1: MSS sample from the Ptuj wastewater treatment
plant with moisture and dry content

Methodology

The MSS-BC blends were prepared using a regular kitchen blender and subsequently applied onto thin
circular plate (diameter: 85 mm, height: 1 mm) as shown in Figure 3. All drying experiments were conducted
in a thermostatic chamber at constant temperatures of 25, 30, 35, and 40 °C. Changes in mass over time
were precisely monitored using a digital weighing scale (Figure 4), which recorded the mass every second.
Initially, multiple drying stages were tested using 1:1, 2:1, and 3:1 MSS/BC ratios, along with untreated MSS as
a control to determine baseline drying time without BC. After analyzing results obtained at 25 °C, the optimal
number of drying stages was established and subsequently repeated measurements were conducted at
higher temperatures (30, 35, and 40 °C) up to the optimal drying stage number for MSS/BC mass ratios of
1:1, 2:1, and 3:1.
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Fig. 3: Preparation of the MSS—BC blend sample Fig. 4: Digital weighing scale in a thermostatic ~ Fig. 5: MSS—BC blend after the first drying stage
chamber

The underlying idea is that BC addition can substantially accelerate moisture removal due to its high porosity
and moisture-absorbing properties. Our approach involves blending MSS with BC in specific mass ratios and
performing repeated drying cycles. To illustrate this, the procedure for a 1:1 MSS to BC blend ratio is
represented schematically in Figure 2. This displays multiple drying stages where untreated MSS is
sequentially combined with previously dried MSS-BC blends enhancing drying efficiency until the BC
becomes saturated with dry MSS and its effect becomes negligible.
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where: Fig. 2:Three drying stages of a 1:1 MSS—BC blend
mpc - IS the mass of total BC (g),
myssi - IS the cumulative mass of MSS used up to the i-th drying cycle (g),
tuss - IS the drying time of MSS without added BC (h),

t; - is the drying time of the MSS-BC blend at the i-th drying cycle (h).

By placing both variables, which were intend to be maximized, in the denominator, the optimal stage
number is identified at the stage where the value of OC is minimal.
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Experimental results demonstrated clear 10
differences in drying efficiency based on
different MSS/BC ratios and drying temperatures.
Optimal number of drying stages were determined
as three for the 1:1 MSS/BC ratio, two for the 2:1
ratio, and one for the 3:1 ratio. At the 1:1 ratio, the
drying efficiency improved significantly, as shown in
Figures 6 - 9. It reached a maximum improvement
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of approximately 326% at 25 °C, followed by 2 0,02
diminishing yet still substantial improvements at .

higher temperatures (130 -162% at 30-40 °C). ° ) . . . i
For the 2:1 MSS/BC ratio, drying efficiency Num. of drying stages

improvements ranged from 66% at 25 °Cand up to | | |
79% at 40 °C. The 31 ratio showed the least Fig. 6: Optimal number of drying stages for a 1:1 MSS/BC ratio

improvement in drying efficiency, indicating only a 8

modest benefit of BC addition, ranging from 38% at ! v
25 °Cto 68% at 40 °C. 035
Drying efficiency was highest at lower temperatures 03
and with higher BC content. As the BC becomes , \\_—_ 0.25

saturated over cycles or its proportion decreases,
its effect diminishes. Optimal utilization occurs
when both BC content and drying conditions are
balanced.
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Fig. 7: Optimal number of drying stages for a 2:1 MSS/BC ratio
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Fig. 9: Drying efficiency at different temperatures and MSS/BC ratios Fig. 8: Optimal number of drying stages for a 3:1 MSS/BC ratio

Conclusion

This study demonstrated that the addition of BC significantly enhances the drying efficiency of MSS,
particularly at higher MSS/BC ratios and lower drying temperatures. By introducing this novel approach
of repeated drying cycles with different MSS/BC mass ratios and deriving OC we successfully identified
the optimal number of drying stages for each blend: three for 1:1, two for 2:1, and one for 3:1. Our
findings clearly indicate that drying efficiency improves most significant with higher BC content,
validating BC as a highly effective additive in sludge management. The research continued at the
Slovenian National Building and Civil Engineering Institute (ZAG), where all dried samples (1:1, 2:1, 3:1,
and untreated MSS) underwent pyrolysis on a laboratory scale shown on Figure 10. This crucial step
verified the practical viability of the approach, enabling the production of new BC from previously
treated samples (Figure 11). Future experiments will incorporate this newly produced BC into
subsequent drying experiments, establishing a sustainable, circular approach. Ultimately, our study not
only confirms the feasibility of biochar-enhanced drying for efficient MSS treatment but also lays the
foundation for a broader implementation of this sustainable solution, potentially contributing
significantly to municipal waste management strategies.
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Fig. 10: Pyrolysis reactor at ZAG Fig. 11: BC yield obtained from MSS pyrolysis
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