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ECOLOGICAL AND ECONOMICAL
BENEFITS FROM SEWAGE SLUDGE
HYGIENISATION WITH THE USE OF LIME
IN A MEDIUM-SIZE TREATMENT PLANT

Sewage sludge classified as hazardous waste reqgeeching for advanced and
more effective methods of utilization. Waste praghliin treatment plants, should
be subject to proper reprocessing on the grountisalth, economic and legal rea-
sons. In treatment plants, hygienisation with tke of lime (CaO) is commonly
applied. The main advantage of the aforementionethod is the growth of pH
value of sewage sludge and the reduction of patieg&part from this, sewage
sludge hygienisation with the application of linsecharacterized by the high costs
associated with the acquisition of lime. Assumihg price of highly reactive lime
ranging from EUR 67-82 per one tone, additional odstpproximately EUR 8600
is generated for a medium treatment plants per. yefitionally, the liming of sew-
age sludge requires the modernization of treatilamts and the acquisition of new
equipment. But due to the fertilizing propertiesafdrementioned waste, the agri-
cultural utilisation of sewage sludge is the besthrad for small and medium treat-
ment plants. The financial feasibility analysis wid that the whole undertaking
will pay off within 7 years. This paper presents tost-effective analysis of sewage
sludge hygienisation in medium municipal treatny@ant. In this article, the main
mechanism of process and the influence of liming@mage sludge characteristics
are also showed.

Keywords: sewage sludge, liming, sewage sludge hygienisaiewage sludge
management, cost analysis

INTRODUCTION

Sewage sludge has been defined as mineral andioampound derived
from treated wastewater. With the increasing nunobeew residents attached to
the sewerage system and the tightening requirencenterning the wastewater
quality all over the world, the production of aforentioned waste reached an
alarming level [1]. Due to the specific chemicatigysical properties of sewage
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sludge, its treatment and utilization is a sigmifit problem for wastewater treat-
ment plants. In line with the restriction placedlandfill waste with a calorific
value above 6 MJ/kg introduced on 1 January 2016 ntost economically and
environmentally-friendly method of sewage sludgéization is its agricultural
use [2]. The possibility of agricultural sewagedgja application is associated
with the high content of nutrients and organic edi8]. Additionally, the positive
impact of sewage sludge on the plants growth waraoed by different authors.
Gondek and Filipek-Mazur [4] proved that sewagalgéuhas affected the in-
crease of calcium in plants. From the economicadtms view, the use of sewage
sludge in agricultural practices or for reclamatisrcharacterized by the lowest
costs of approximately EUR 100 for 1 Mg sludgecdntrast, combustion and co-
combustion of sewage sludge are more expensiva,feuefold (Table 1) [5, 6].

Table 1. Predicted costs of sewage sludge managersieig different methods

Ways of sewage sludge utilisation Average disposal co;tjéor 1 Mg sewage sludge
Agricultural use 100
Composting 150
Combustion 350
Co-combustion 430

Agricultural and natural ways of utilization of gilge management are legally
permitted if they do not exceed permissible conegioins of heavy metals and
biogenic compounds, as stated in Regulation ontJ8savage Sludge of 15 Feb-
ruary 2015 [7].The agricultural value of municigalwage sludge also depends on
the content of pathogen microorganisPathogens entering the soil could lead to
bothsurface and ground water contamination [1]. Betbheeapplication of sew-
age sludge in agriculture, detailed research igired in order to not exceed the
content of heavy metals and microorganism.

The reduction of pathogens might be reached withude of hygienisation
process. Yu et al. [8] divided hygienisation methado two categories: Class A
and Class B. In Class B, the amount of microorganis reduced to below
2 million colony forming units (CFU) per gram oftab solids dry weight. By
contrast, Class A could lead to the microorganisduction at less than 1000 most
probable numbers (MPN) per gram of total solidswerght. Podedworna and
Umiejewska [9] also classified the hygienisationgass as: thermal, chemical,
biological and radiation disinfection (Fig. 1).

In Poland, sewage sludge hygienisation with theaidene is commonly
applied for disinfection purposes. The additiofirok into aforementioned waste
results in the increase of pH value and the siggifi reduction of pathogens [10].
Additionally, the mixture of sewage sludge and limght be used as a natural
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and valuable fertilizer improving the plant growietailed information concern-
ing the hygienisation with the use of lime is irddd in further section of the
article.

SEWAGE SLUDGE HYGIENISATION
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Fig. 1. Sewage sludge hygienisation methods

In Poland, there is a paucity of information on agessludge hygienization
costs. Thus, this article presents the cost-effes@ss analysis of sewage sludge
liming in a medium treatment plant. This paper akows the impact of lime on
sewage sludge properties and presents the maimtages associated with the
application of aforementioned method in waste mearnamt.

1. THE MECHANISM OF SEWAGE SLUDGE HIGIENIZATION
WITH THE USE OF LIME

Liming is commonly used as a conventional sewagdgd hygienisation
method. According to different authors, the additad lime into sludge contrib-
utes to the sludge stabilization and disinfectionl[1]. The results of aforemen-
tioned processes are the immobilization of heavialsend the change of struc-
ture of sewage sludge [7].

The main mechanism of sewage sludge hygienisatitintie use of lime is
based on the exothermic hydration reaction of galcoxide, by the following
equation (1) [11]:

CaO+ H, O- Ca(OH)+ 1160 kJ/kg Cse (2)

For sewage sludge, the aforementioned reactiontrbigwritten as follows
(2) [10]:

CaO+ H, O- Ca(OH)+ 1160kJ/kg Ca + stabilized sewage sludg€?)
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As a result of the aforementioned reaction, hydrdoms are formed. It is
estimated that 1 kg of CaO delivers 0,607 kg of @iHs. This phenomena results
in the increase of alkalinity and the pH value @ivage sludge. Additionally, hy-
droxyl ions are highly toxic for pathogens and eatle change in ionization of
microorganisms cells [11]. As a consequence, thieityoof many enzymes could
disappear. The results obtained by different astfitd, 12] confirmed that the
high pH of sewage sludge is a major factor whidlu@nces the disappearance of
compounds of proteins, especially in anion andaarbgroups. For this reason,
the growth of pH is a main destructive factor fathpgens in hygieniesation pro-
cess. The research proved that most of bacteriviamses contained in sewage
sludge are inactivated in the pH above 9 [11].ddion, ammoniac emitted dur-
ing the hygienisation process, penetrates throefiimembranes and intensifies
the reduction of pathogens.

The literature review confirms that 1 kg of CaO@&bs approximately 0.32
kg of water and calcium hydroxide is formed [7,.1h]line with the mass con-
servation law, the reaction might be written atofet (3) [10]:

1kgCaO+ 0.324 kg bl O» 1.324 kg Ca(Oy) 1160 kd/kgC  (3)

Depending on the amount of emitted warmth, abduk@.of water is evap-
orated. As a result, sewage sludge is dried andritveth of sludge dry mass is
observed [11].

Secondly, hydrated lime contained in sewage sludgets with carbon di-
oxide from the atmosphere and carbonate calciuaneated, by the following
equation (4) [7, 11]:

Ca(OHp+ CQ — CaCQ@+ H G 1678kJ/kgC: (4)

In line the mass conservation law, this reactioghmnbe written as follows
(5) [10]:

1,324kgCa(OH) + 0,776kgCO— 1,776kgCag® 0,324k0 +
+1678kJ/kg Cac (5)

The aforementioned reaction contributes to furdmwage sludge stabiliza-
tion and the improvement of shear strength. Duttiigjstage of the process, such
obtained energy is used to heating and dryinguafge [7, 10, 11].

The effectiveness of sewage sludge hygienisatidn tive use of lime is de-
termined by physical, chemical and microbiologipadperties of waste. The es-
sential factor influencing the process effectivenmssalso the contact time be-
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tween sludge and lime. According to Malej [13], ah100% reduction of path-
ogens might be achieved after one hour contact. tMacinkowski [10] also
proved thaSalmonellabacteria had died off after one hour contact tivita the
pH value at least 11.6. That is the reason whyapi@ication of lime in sewage
sludge treatment is justified.

2. METHODS

On the basis of investment and operation costanéial feasibility analysis
was calculated. The analysis included the cal@natif the following elements:
payback period (PP), net present value (NPV), biity index (PI), internal
rate of return (IRR), cash inflow (CIF), cash oonfl (COF) and cash flow (CF).

Payback period (PP) was calculated as shown bipliogving equation:

pp="
z

where:PP — payback period, yeaxX,— capital spending, EUR;— average annual
investment income, EUR.
Net present value (NPV) was estimated by the faligvequation:

NPV:ZI: “ ¢,

@)

where: NPV — net present valueG— net cash inflow during the periodEUR;
C, — total initial investment costs, EUR: discount rate, %; — number of pe-
riod times, -.

Profitability index (PI) was solved by the equatlmglow:

n CFt
Plzgawf
|

where: P profitability index, -;C, — net after-tax cash flow in yearEUR;
r — cost of capital, EUR;— capital investment project’s cash outlay assutoed
occur in the current yeam,— number of year, -.
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Internal rate of return (IRR) was calculated byfiieowing below:

NPV, [{r, —r,)

IRR=r, +
(NPV, - NP\},)

where: IRR — internal rate of return, r; — lower discount rate chosen, %;
ro — higher discount rate chosen, %; NPWPV at rate, -; NP\, — NPV at rate
b, -.

The influence of lime on the properties of sewdgdge was evaluated on
the basis of pH value and the sewage sludge drg.rpékof sewage sludge after
hygienisation was analyzed with pH-meter HACH HQ4@dording to PN-EN
15933:2013-02. In order to asses a dry mass, sestadge was dried at 195.
The aforementioned parameter was calculated asrshgwhe following equa-
tion:

d.m="5100%
mu

where:d.m.— sewage sludge dry mass, #;— mass of sludge after drying, g;
m, — mass of hydrated sludge, g.

3. THE COST ANALYSIS OF SEWAGE SLUDGE
HYGIENISATION BY MEANS OF LIME

The layout of devices for sewage sludge hygierigait shown in Fig. 2.
The complete technology of sewage sludge hygieaisatonsists of: the lime
container, the lime feeder, the lime dispenserstiiew feeder of lime, the mixer
of sludge and lime, the screw feeder of sludgethadscrew feeder of obtained
product. As wastewater treatment and previous stafjsludge treatment are not
considered in the cost analysis, they are elimthatam this scheme.

Design criteria regarding the sewage sludge hygidioin in a medium treat-
ment plant are shown in Table 2. This data andinétion were selected from
manufacturer’s index cards. Based on the calculatite number of equipment
was selected in order to fit proper conditions eeglirements.

The cost analysis of sludge hygienisation was tafed and presented in
Table 3. The value of equipment was obtained fra@@BMONTAZ company.
The presented analysis includes only the costeoéssary equipment and lime.
The detailed cost analysis also requires determitlie energy costs associated
with the installation working.
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Fig. 2. Layout of devices for sewage sludge hygaton in considered treatment plant

Table 2. Design parameters of equipment for sewhgige hygienisation

Device Design parameter Number of devices
Lime container volume: 20-30°m 1
Lime feeder capacity: 1.5-2%h 1
Lime dispenser capacity: 1.5-2m 1
Screw feeder of lime capacity: 1.5-2/m 1
Screw feeder of sewage sludge capacity: 1.5/8 m 1
Mixer of lime and sewage sludge capacity: 2hm 1
Screw feeder of obtained product capacity: 1.5%hm 1

The installation for lime dosing consists of thatzener with a volume in the
range of 20-30 /M the lime feeder, the dispenser and the screwefestich is
responsible for the transport of lime. Additionalliye lime container is equipped
with scrubbers. In order to avoid the lime aggloatien, special electrovibrators
are located in the side wall of the containerhimlbottom part of the device, there
is a knife gate and the lime feeder. When the kgéte is opened, lime is given
to the feeder containing the knife deflector. Totion of the knife detector re-
sults in the transport of lime into the dispen3dre amount of lime is precisely
controlled by the regulation of routes of screwdfee The investment costs asso-
ciated with the acquisition of aforementioned desids approximately EUR
21 400. However, it will be also necessary to ideladditional costs associated
with the energy consumption by the aforementionedads (0.5-4.5 kWh) and
workers training.
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Table 3. Average costs of equipment and reagent
for sewage sludge hygienisation

Device Cost
EUR

Lime container 16 000
Lime dispenser 2 500
Screw feeder of lime 2900
Screw feeder of sewage sludge 4 400
Mixer of lime and sewage sludge 10 000
Screw feeder of obtained product 4 400
Automatic regulation 3200
Transport of devices 14 000
Lime 8 600
COST 66 000

The transport of dewatered sewage sludge into ikerrms ensured by the
screw feeder of sludge. For a medium treatment pilae capacity of aforemen-
tioned device should be in the range of 1.5-2MnThe screw feeder consists of:
the trough with chute, the charging hopper, theated screw and the power unit.
The part of aforementioned elements is made fromts$teel. In the bottom part
of atrough, there are special holes enabling titemevaporation. The transported
material is given to the dispenser by means ofi@iha lid. The main advantage
of screw feeders is the possibility to integrat¢hwither devices, for example:
filter press for sewage sludge dewatering. Thescassociated with the acquisi-
tion of a screw feeder is approximately EUR 4 40tk operation costs are mainly
associated with the energy consumption of aboutWb. During the exploitation
of a screw feeder, it is necessary to avoid thieitiflation of feeder in order to
prevent friction between a trough and sewage slu@ige experimental tests
proved that the full inflation of aforementionedviae could contribute to the
blockage of rotation of a screw.

The mixing of sewage sludge with lime is ensuredthy application of
a mixer. Depending on the kind and the moisturdergrof sludge, a twin-screw
or paddle mixer is applied. The whole process igroied by means of control
cabinet. The mixer of sludge and lime is made fstweet steel and consists of two
steel containers. One of them is filled with limedahe other is filled with de-
watered sewage sludge. The sewage sludge hygienissith the use of lime
results in the increasing of temperature and thergade which could contribute
to the reduction of pathogens in waste. Such obtamixture has a consistent
structure and might be transported by means af¢hmw feeder to a covered site.
The average cost of a mixer is approximately EURAQ. The price of a screw
feeder is about EUR 4 400. However, it might be alscessary to include addi-
tional costs associated with the energy consumption
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In sewage sludge hygienisation, burned lime Ca&ppied. The dosage of
aforementioned reagent depends on the sewage shaigtire content, the con-
centration of chemical compounds and the microlgickl characteristics of
waste. The literature review showed that the dosétime in sewage sludge lim-
ing is in the range of 0.15-0.25 kg CaO/kg d.npiactice, the amount of applied
burned lime is in the range of 22-23% of sewagelgdudry mass. In order
to obtain the high effectiveness of sludge hygiiis, lime with a high level
reactive is typically used. It is recommended tplypurned lime with a value of
TSsoparameter below 1 minute. Depending on the distahtensport, the cost
of 1 Mg of burned lime is in the range of EUR 67-82

The above-mentioned cost analysis showed thabthkedosts of installation
for sewage sludge hygienisation with the use okliim approximately EUR
66,000. But the presented cost analysis includistba price of devices and the
applied reagent. One should also take into coresier additional costs associ-
ated with the workers training and the assembBfofementioned devices.

Table 4. Financial feasibility analysis of sewalyglge hygienisation

Parameter Unit Value Pr.Of'tab'“ty
of investment

PP (Payback period) year 7 -
NPV (Net present value) - 2241.61 >0
P1 (Profitability index) - 1.034 >1
IRR (Internal rate of return) % 0.00 -
CIF (Cash inflow) EUR 200 000
COF (Cash outflow) EUR 186 000
CF (Cash flow) EUR 14 000

The financial feasibility analysis was presentedable 4 and in Fig. 3. The
profit of treatment plant was calculated by the panmson of sewage sludge hy-
gienisation and agricultural utilization with thenbdfilling and combustion of
waste. The operation costs included the pricenoé land other media required in
the aforementioned process. By taking the annuditgrom the sewage sludge
hygienisation in a treatment plant of approximatelyR 10 000 and the annual
operating cost of about EUR 20 000, the investmglihtpay off within 7 years.
Additionally, other financial parameters confirnetprofitability of sludge hy-
gienisation. It is worth highlighting that the prad of sewage sludge hygienisa-
tion might be further managed as a fertilizer ini@gdtural practices. By means
of that, it is possible to eliminate the storags®ivage sludge gradually.
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Fig. 3. Chart of cash flow

4. THE INFLUENCE OF LIME ON SEWAGE SLUDGE
CHARACTERISTICS

Apart from the high temperature, the main factat #ffects the reduction of
microorganisms is the high pH value of sewage ®ualter hygienisation. It is
commonly known that the high concentration of hygtaons resulted in the
change of protein’s ionization. As a consequere activity of many pathogens
has decreased [11].

The influence of lime on pH of sewage sludge dftggienisation was pre-
sented in Fig. 4. After the application of burnédd in the amount of 10% of
sewage sludge dry mass, the pH value increase®@&#.1The aforementioned
results were consistent with findings made by Md«wiwski [14] and Bazeli [12].
However, the pH value of sewage sludge was deogasi the time. After 24
hours contact time of sewage sludge and lime, ithdgereased by approximately
5% to the value of 12.85 (Fig. 5). Consequentlg,ldng-time storage of sewage
sludge after hygienisation results in the decreagé! and could contribute to the
secondary growth of pathogens [15].

The influence of lime on sewage sludge dry massshiasn in Fig. 6. The
obtained results confirmed the positive impactfofementioned reagent on the
decreasing moisture content. After the applicatibburned lime in the amount
of 10% of sewage sludge dry mass, the pH valuee@sad by approximately
16%. Similar results were achieved by other autfi#s14]. This phenomena is
caused by the heat emission, which results in vhparation of water from sew-
age sludge. The influence of lime on the sewagigslmoisture content reduction
contributes to the decreasing transport costsaoegl where sewage sludge will
be utilized.
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Fig. 5. The changes of pH value over time

Another advantage of hygienisation is the fact tiahined product might
be successfully used in the cultivation of enerigyts plantations. The aforemen-
tioned method allows retaining the turnover of ieuis, which closes the circuit
elements in the local ecosystem [16, 17]. Moreogkemical compounds con-
tained in sewage sludge are excluded from the hdowhchain. Particular fea-
tures of the energy plants construction help te takirients contained in sewage
sludge without environmental contamination. Fos tieiason, sewage sludge after
hygienisation might be treated as an alternativeréalitional mineral fertilizers,
which in turn might successfully provide valuablgrients for plants and could
substitute popular fertilizers [6]. Additionallynergy plants have a high demand
for nutrients and are characterized by a largeralest surface [18]. The applica-
tion of sewage sludge in energy plants plantationsd help to achieve 20% share
of renewable energy in final energy production @mpliance with the require-
ments of the EU climate and energy package (3 x)20%
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5. CONCLUSIONS

The technology of sewage sludge hygienisation detnated the increase of
pH and sewage sludge dry mass. However, the afot@ned process demands
the acquisition of new devices for mixing and dg products, which increases
the investment costs in treatment plant. The fir@rdeasibility analysis showed
that the whole undertaking will pay off within 7ars. Additionally, the mixture
of sewage sludge and lime might be applied in adjtical practices, for example:
in energy plants plantations. This investment caldtribute to the elimination
of sewage sludge storage in treatment plants.

Based on the results of cost-effectiveness anabfsisrestment, the follow-
ing findings and conclusions could be made:

the investment costs associated with the acquisioequipment for
sewage sludge hygienisation in a medium treatmelaintpis
approximately EUR 66 000;

prior to the implementation of aforementioned texbgy in treatment
plants, it is necessary to choose the efficiencthefdevice. The proper
selection of devices ensures the optimization ofkig conditions in
a treatment plant;

the annual costs of lime necessary in sewage slhgigenisation is
approximately EUR 8 600. In order to obtain the tbesocess
effectiveness, a high level reactive burned lim¢hva value of T&
parameter below 1 minute is recommended;

the financial feasibility analysis of the whole @stment has shown that
the technology of sewage sludge hygienisationafitable and beneficial
from the economical, environmental, legal and dquant of view. It is
estimated that the aforementioned investment \ayl @ff within 7 years;
the addition of lime to sewage sludge influences ghowth of pH of
sewage sludge. The addition of 10% of lime to senwslgdge results in
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the increase of pH of approximately 106% to theiealf 13.41. The high
pH value of sewage sludge after hygienisation caaldtribute to the
reduction of pathogens in a significant way. As tlexline of pH is
possible in time, the control of sanitary and midotogical
characteristics of sewage sludge is necessary;

< additionally, the application of burned lime to s@e sludge results in the
increase of dry mass. The sewage sludge moistutectien could
decrease the cost of transport to the places dfiltzation;

 what is more, the mixture of lime and sewage sludgght be
successfully used in the cultivation of energy paplantations. The
aforementioned method allows retaining the turn@ferutrients, which
closes the circuit elements in the local ecosystEine aforementioned
application of sewage sludge after hygienisationlctdnelp to achieve
20% share of renewable energy in final energy pcodn in compliance
with the requirements of the EU climate and engragkage (3 x 20%).
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EKONOMICZNO-EKOLOGICZNE ASPETY TECHNOLOGII
WAPNOWANIA OSADOW SCIEKOWYCH NA PRZYKLADZIE
SREDNIEJ OCZYSZCZALNI SCIEKOW

Wzrostswiadomdaci spotecznej dotyexej zagraenia spowodowanego niewtiwie prowadzon
gospodark odpadami skutkuje rozwojem nowych metod ich uadjz zgodnie z wymogami praw-
nymi ekologicznymi i spotecznymi. Celem implementoiganowych zasad gospodarki odpadami
wprowadzane gsnowe lub zaostrzane dotychczas okyawjace akty prawne, mage ksztattowé
prawidtowe strategie pagiowania z odpadami. Intensyfikacja zabudowy i pi@énie do systemu
zbiorowego odprowadzansgiekdw nowych odbiorcéw skutkuje produkggromnych iléci osa-
dowsciekowych. Specyficzne wdaiwosci ubocznych produktéw oczyszczak@ekéw wymagaj
poszukiwania nowych metod ich przerdbki i uniesziwgdnia zgodnie z zasadami ochrofrgdo-
wiska, z jednoczesnym uwzglnieniem aspektéw ekonomicznych. Ze wagi na obecni mikro-
organizmow patogennych w osaddckekowych, proces higienizacji osadéeiekowych jest jed-
nym z najwaniejszych etapéw ich przerébki. Studium literatypgtwierdza,ze powszechnie
w oczyszczalniacKciekow stosuje siproces wapnowania zzyciem CaO. Niewtpliwa zalet
wspomnianego procesu jest Aiwos¢ redukciji patogendéw do bezpiecznego poziomu, limviz-
jacego dalsze zagospodarowanie osad@igkowych w zabiegach przyrodniczych. Aplikacja
wapna palonego w procesie higienizacji osadéwkowych generuje jednak wysokie koszty eks-
ploatacyjne oczyszczaléciekow, zwizane z zakupem wspomnianego reagenta. feziniej ce-
nie wysokoreaktywnego wapna na poziomie 67-82 eartorg, roczne koszty zakupu reagenta
niezkednego do procesu higienizacji wyngsikoto 8 600 euro w przypadkpedniej oczyszczalni
sciekéw. Dodatkowo, wdrenie technologii wapnowania osadéeiekowych waze sk z koniecz-
noscia modernizacji istniejcego cigu technologicznego ¢&ci osadowej i zakupem nowych gz
dzer. Analiza optacaln@i inwestycji wykazata jednakie wprowadzenie procesu higienizaciji
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w $redniej oczyszczalriiciekbw mae sk zwrdcié po okoto 7 latach. Prezentowany artykut przed-
stawia analig ekonomicza wdrazenia procesu wapnowania osadésiekowych na przykladzie
sredniej oczyszczalriciekdw, z jednoczesnym wskazaniem kéczyekologicznych.

Stowa kluczowe: osadysciekowe, wapnowanie, higienizacja, gospodarka asadeiekowymi,
analiza ekonomiczna
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