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Abstract. This paper uses data from the Chisinau Wastewater Treatment 

Plant (WWTP) (2018 year) to analyze the potential for energy recovery 

from wastewater treatment plant via anaerobic digestion with biogas 

utilization with electricity generation. These energy recovery strategies 

could help offset the electricity consumption of the wastewater treatment 

plants and represent possible areas for sustainable energy policy 

implementation. We estimate that anaerobic digestion could save 

approximately 14,444,918 kWh annually in Chisinau WWTP. Anaerobic 

digestion is widely considered as an environmentally friendly technology 

for sewerage sludge.  This study aims to highlight the potential as well as 

to provide a starting point for further studies regarding the treatment as 

sewerage sludge using anaerobic digestion in Republic of Moldova and 

recovery energy that could further reduce electricity cost and reduction of 

sludge cake. 
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1. Introduction

Wastewater collected from municipalities and communities must ultimately be returned to 

receiving waters or to the land or reused [1]. Chisinau WWTP has been constructed in 

successive phases and is operated by “Apa Canal Chisinau” (ACC). The wastewater flow 

rate was approximately 435 thousand m3/day (yearly average) with average chemical 

oxygen demand (COD), 5 day biological oxygen demand (BOD5), and total suspended 

solids (TSS) concentrations of 900 mg/l, 300 mg/l, and 500 mg/l respectively. Chisinau 

WWTP has been largely oversized and is currently running at only one third of its capacity 

(142 thousand m3/day). The wastewater treatment process features the conventional steps of 

a medium-load activated sludge plant modified with contact stabilization tank for the 

aeration of returned activated sludge to the head of secondary treatment. The lack of an 

appropriate sludge treatment line combined with extremely poor conditions of the works 

and pieces of equipment and the absence of online sensors and of control systems impede 

the optimal operation of the plant. The current practices in sludge management by 

dewatering and drying in geotubes must be changed since they cause significant odor 

problems in the city especially in nearby settlements.  

This is a study of analyzing scenario in terms of their technological and economical 

feasibilities focusing on the sludge management processes to increase the sustainability of 

the WWTP operation in Chisinau by using biogas recovered from waste activated sludge 

(WAS). The formation of biogas composed of mainly CH4 and CO2 in anaerobic digester 
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processing WAS as the substrate is proposed for rendering organic load produced in the 

secondary treatment and reducing solids content of WAS.  

2 Methods 

2.1 Data collection 

The existing Chisinau Wastewater Treatment Plant dates back from the 70s and was built in 

several stages although it has never worked at full capacity according to the best of our 

knowledge. About 35-40 % of the works are being used currently. The treatment of 

wastewater in Chisinau WWTP takes place in several stages as follows:  

a) The Preliminary Treatment consists of two physical operations: screening and sand

removal. Screening (six pieces, 10.5 or 16 mm for spacing) removes large solids, which are 

retained by the screens. The main reasons for screening are to protect the pumps and pipe 

works, downstream treatment units and tanks. The sand is removed by sedimentation 

through grit chamber (with four sections).  

b) The Primary Treatment consists of primary settling process. Primary settling tanks

(4 cylindrical tanks with a volume of 4500 m3 each) allow solids to settle gravimetrically 

with the settling velocity of 0.7 m/s minimum. Primary sludge is transferred directly to 

geotubes to be dewatered.  

c) The Secondary Treatment is a conventional activated sludge process (aeration and

secondary settling) modified by contact stabilization of returned activated sludge  (RAS) 

which is 70 – 80% to maintain the bacterial population in the reactor. There are currently 6 

aeration tanks in operation with (2 – 22500 m3, 4 – 12500 m3) with 10-15 days solids 

retention time (SRT). The secondary settling tanks (volume 4500 – 9000 m3 each, four 

work out of eight) remove mixed liquor suspended solids (MLSS) produced in the aeration 

tanks by gravitational force. The clarified wastewater is discharged to the receiving water 

body (Bac River) and sludge is dewatered in geotubes.  

d) The Sludge Management is simply dewatering of primary and secondary sludge in

geotubes followed by landfills. The mixture of primary and secondary sludge used to be 

stored directly on sludge platforms (32 ha) for dehydration, which generated serious odor 

problems. The geotubes were implemented in 2009 as a quick and easy attempt to mitigate 

odor issues generated by the sludge platforms and it proved to be quite efficient in odor 

removal. Sludge is pumped into the geotubes and are added the polymers, which makes the 

solids bind together and water separate. Clear effluent water simply drains from the geotube 

through the small pores in the specially engineered textile. The decanted water is returned 

to the head of plant. After the final cycle of filling and dewatering, the solids remain in the 

bag and continue to density due to desiccation as residual water vapor escapes through the 

fabric. Volume reduction can be as high as 90 percent. When full, the geotubes (appr.600 

kg each) and sludge cake are deposited at a landfill. Thus, capital cost of sludge 

management can be estimated as 391,308.8 €/year (160 Geotubes) [2]. After dewatering 

process, geotubes are opened and the sludge cake is transferred by trucks to a landfill site. 

The geotubes generated approximately 500,768.30 m3/year of sludge in 2018.  

Nowadays, the Chisinau WWTP is powered with electricity 100% from the grid. The 

main power consumption apparatus in the plant are pumps and blowers. All other auxiliary 

power needs such as lighting and potable water pumps are also supplied from the grid. This 

data are essential for predicting the energy requirements for an alternative power system 

before doing an upgrade. The average yearly was calculated as 19,450,795 kWh and cost 

including all taxes was 1,623,436.073 Euro/year or 0.083 Euro per kWh. For a 24 hour 
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period the power consumption for the Chisinau WWTP was estimated 53,310 kWh. The 

electricity consumption of the individual units is shown in Table 2.1, this data indicate that 

the blowers consumed the highest amount of electricity. 

Table 2.1. Evaluation of equipment electrical consumption by current operation 

No Unit/Equipment name Electricity consumption, 

kWh/day 

Percentage of energy 

consumption, % 

1. Blower 39,500 74 

2. Main Station Pump 13,810 26 

3. Return sludge pump 

2.2 Two case scenarios 

There are two scenarios investigated for the Chisinau WWTP focused on sludge production 

and its management including current operation to determine the best alternative with the 

maximum energy savings. The scenario is designed to employ anaerobic digestion in sludge 

management and mass and energy balance calculations and analyses are described in this 

section. 

CASE 1: Current wastewater treatment operation. The current operation of the 

Chisinau WWTP is described in Section 2.1 in detail. The mass flow of solids (kg/day) is 

calculated using the average yearly flow rate (141,400 m3/day) and the concentration of 

TSS (74,845.85 kg/d) in untreated wastewater (Figure 2.1). The measured values were used 

when available in mass balance calculations. There is 1,372 m3/day of sludge production 

mainly composed of primary settlings (>95% wet volume), is discharged to geotubes for 

the dewatering process. The removal efficiency of TSS and BOD5 is determined as 95 and 

96% respectively for the year of 2018 (see Table 2.2). The energy consumption for the

treatment of 1 m3 wastewater is 0.380 kWh/m3, which is similar to the energy used to treat 

1 m3 of wastewater (no industrial input) by secondary treatment; such as, 0.485 kWh/m3 in 

Slovakia [3], 0.420 kWh/m3 in Sweden [4], and 0.304 kWh/m3 in Japan [5]. The average 

energy consumption of using an activated sludge system for the treatment of wastewater 

has been reported as 0.34 kWh/m3 in U.S.A. [6]. 

Table 2.2. Treatment performances and the quality of the treated effluent (average values for

the period from 01.01.2018 until 12.31.2018) 

Parameters Influent 

WWTP 

Maximum 

allowable 

concentration 

in WWTP [7] 

Effluent 

WWTP 

Maximum 

allowable 

concentration at 

the discharge in 

the river Bac [8, 9] 

Minimum 

removal 

rate 

 % 

COD, mg/l 967.79 500 83.98 125.0 91.32 

BOD5, mg/l 299.20 225 13.41 25.0 95.51 

TSS, mg/l 529.32 350 26.97 35.0 94.90 

pH 7.653 6.5-8.5 7.615 6.5-8.5 - 

T, °C 18.641 8 - 30 19.534 30 - 

TKN, mg/l 63.031 - 28.139 10.0 55.0 

NH4, mg/l 41.044 30.0 21.547 2.0 47.5 

P, mg/l 12.768 5.0 3.491 2.0 73.0 

N, mg/l 63.400 - 30.822 15.0 51.0 

In Figure 2.1 is shown a schematic diagram of activated sludge process with wasting from 

the sludge return line on current operation plant.  
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As mentioned in p.2.1, in the Chisinau

WWTP, dewatering sludge is accumulated 

on the sludge platforms (32 ha), where 

during the last years thousands cubic meters 

of sludge have been collected (only in 2018 

about 500,768 m3/day, see the table 2.2). 

This sludge is one of the sources of 

unpleasant odor that has taken over the city 

of Chisinau in the last 3-4 years. In 2009, 

geotubes were purchased as a temporary 

solution, but it turned into a long-term

problem, for which Local Authorities did

not find a solution regarding its use. The

main issues of the Chisinau WWTP are 

following: (1) The current wastewater 

treatment performances of the plant do not 

comply with proposed discharge limits for 

all parameters; (2) The current energy 

consumption from the grid can be replaced

with other sources; (3) The lack of modern sludge treatment facilities formed in the 

wastewater treatment process; (4) The lack of a strategy for using dewatering sludge. 

Despite producing a massive amount of sewerage sludge annually, the utilization of 

sewerage sludge in Moldova did not get as much attention or progress as seen in other 

regions. The current state of sewerage sludge treatment sees it primary being used for 

landfill. 

Q: 141400 m3/d
BODm: 42306.88 kg/d
TSSm: 74845.85 kg/d
VSSm: 50146.72 kg/d

Q: 211.44 m3/d
BODm: - 
TSSm: 49307.95 kg/d
VSSm: - 

Q:  1340.32 m3/d
BODm: -
TSSm: 53019.31 kg/d
VSSm: 37372.87 kg/d

Q: 142062.50 m3/d
BODm: 1896.17 kg/d
TSSm: 3813.56 kg/d
VSSm:  -  

Q: 1128.88 m3/d
BODm: 2257.76 kg/d
TSSm: 3711.35 kg/d
VSSm: -

Inlet
chamber

Fine
screens Sand removal

Primary
settlers

Biological tanks Secondary
clarifiers

By-pass

Bic River

Industrial WW

Municipal WW

Tankers

Polymer Geotubes

Sludge pit

Fig. 2.1. Mass balance based on current operation of Chisinau WWTP 

CASE 2: Wastewater treatment operation with anaerobic digestion of sewage sludge. 

Anaerobic digestion (AD) is one of the most widely used stabilization technologies. During 

AD, a combustible gaseous mixture composed principally of CO2 and CH4 is produced by 

Table 2.3. Monthly average of sludge in 

Chisinau WWTP (2018) 

Months Sludge flow, 

m3/day 

January 1,402.23 

February 1,207.34 

March 1,019.52 

April 976.15 

May 1,226.69 

June 951.18 

July 689.95 

August 948.47 

September 985.33 

October 1,487.14 

November 2,565.25 

December 2,786.29 

2018 average  1,340.32 
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biological activity [10], investing sludge with commercial value as a bioenergy source. 

AD is a complex biochemical process that involves the action of microorganisms forming 

syntrophic consortia. It follows four fundamental steps: hydrolysis, acidogenesis, 

acetogenesis and methanogenesis. The hydrolysis step degrades both insoluble organic 

material and high molecular weight compounds such as lipids, polysaccharides, proteins 

and nucleic acids, into soluble organic substances. The components formed during 

hydrolysis are further split during acidogenesis, the second step. The third stage in AD is 

acetogenesis, where the higher organic acids and alcohols produced by acidogenesis are 

further digested by acetogens to produce mainly acetic acid as well as CO2 and H2. The 

final stage of methanogenesis produces methane by two groups of methanogenic bacteria: 

the first group split acetate into methane and carbon dioxide and the second group uses 

hydrogen as electron donor and carbon dioxide as acceptor to produce methane [1,11]. 

Previous studies by the Biosystems and Agricultural Engineering Department at Michigan 

State University demonstrated that many things can be done at the AD in order to save 

energy and one of them is by producing biogas [12,13,14,15,16].  

The goal of this paper is to reduce the amount of sludge, that needs to be disposed and the 

most widely employed method for sludge treatment is anaerobic digestion. The treatment of 

wastewater sludge, from primary and secondary treatment steps, consists of two main 

phases: in the 1st step, all incoming flows of sludge are combined, and the mixture is heated 

to a mild temperature to accelerate biological conversion, which the mixture is allowed to 

undergo digestion. In further processes, the settled sludge is dewatered for, to separate as 

much water as possible to decrease the volume of sludge.  

The simulation of the AD was based on the real data (2018 year) collected from Chisinau 

WWTP.  A good approach to estimating solids is to prepare a material mass balance for the 

entire Chisinau WWTP. A material balance is prepared for the key components of flow, 

BOD and TSS.  In addition, I have been developing a solids mass balance with AD, and all 

the calculations are done using Microsoft Excel, as shown in Figure 2. 2. 

Influent

Recirculated activate sludge 

Aeration tank Secondary 

clarifier Effluent

Waste active 

sludge

Primary

clarifier
Grit

Chamber

Q: 141400 m3/d

BODm: 42306.88 kg/d

TSSm: 74845.85 kg/d

VSSm: 50146.72 kg/d

Anaerobic 

Digester

Solids

dewatering

Flotation

Thickener
Blending

Tank

Gas=22791.32 kg/d

Vgas=21804.64 m3/d

VCH4=11992.46 m3CH4/d

Thickened sludge

Thickener overflow

Solids balance for third iteration

Primary

sludge

R
et

u
rn
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lo

w
s

Dewatered solids 

to landfill

Centrate

Biosolids

Supernatant

Q: -

BODm: -

TSSm: 748.46 kg/d

VSSm: 7484.58 kg/d

Q:  5787.56 m3/d

BODm: 436.99 kg/d

TSSm: 696.26 kg/d

VSSm: -

Q:  259.99 m3/d

BODm: 259.99 kg/d

TSSm: 1299.94 kg/d

VSSm: -

Q:  569.96 m3/d

BODm: 1139.93 kg/d

TSSm: 2491.73 kg/d

VSSm: -

Q:  711.92 m3/d

BODm: -

TSSm: 35596.09 kg/d

VSSm: -

Q: 141.96 m3/d

BODm: -

TSSm: 33104.37 kg/d

VSSm: -

Q:  156.66 m3/d

BODm: -

TSSm: 6266.33 kg/d

VSSm: -

Q:  994.71 m3/d

BODm: -

TSSm: 56548.94 kg/d

VSSm: 39305.80 kg/d

Q: 838.05 m3/d

BODm: -

TSSm: 50282.51 kg/d

VSSm: 33763.65 kg/d

Q:  6617.52 m3/d

BODm: 1836.92 kg/d

TSSm: 4487.93 kg/d

VSSm: -

Q:  148006.72 m3/d

BODm: 29571.70 kg/d

TSSm: 21549.69 kg/d

VSSm: 18317.24 kg/d

Q: 148017.52 m3/d

BODm: 44143.79 kg/d

TSSm: 78585.32 kg/d

VSSm: 52080.88 kg/d

Q:  5944.22 m3/d

BODm: -

TSSm: 3813.56 kg/d

VSSm: -

Q:  142062.50 m3/d

BODm: 1896.17 kg/d

TSSm: 3813.56 kg/d

VSSm: -

Fig. 2.2. Mass balance based on actual condition with anaerobic digester 
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As a result of the third iteration of mass balance, we can see the daily production of sludge 

994.7 m3/day and biogas 21,804.46 m3/day Figure 2.3 and gas production 11,992.46 Figure 2.4. 

Fig. 2.3  Annual monthly profile of Sludge and Biogas 

Generation  
Fig. 2.4  Daily gas and methane 

(%55 of biogas is methane) 

The current state regarding sewage sludge in Moldova is reviewed, with activities around 

other regions including for comparison. Challenges and tasks faced when treated sewerage 

sludge using anaerobic digestion in Moldova are discussed, with anaerobic co-digestion 

which would be include food waste, suggested as a possible approach. This study aims to 

provide a greater understanding as well as a starting point for further study regarding the 

future aspect of utilizing sewage sludge in Moldova. Sludge digestion would be very 

beneficial for the following reasons [1,11,17,18]: 

 Reduces the emissions of greenhouse gases (GHG), has a green image and is one of the

best available technologies for sludge treatment;

 Reduces the volume of sludge, which consequently reduces the associated costs of

downstream sludge treatment. That solution is financially relevant on a long term basis

for large WWTPs;

 Production of energy. During anaerobic fermentation, the bacteria themselves are

separating the energetic content of the sludge (transformed into methane gas) from the

water. This is the main advantage of sludge digestion. No energy is consumed to

recover the energy of the sludge itself, except for a very small percentage required for

the heating of the digester.

3. Results and discussion

Most of the WWTPs are designed to meet a demand for the effluent quality without 

consideration of energy requirements. According to the European Benchmarking 

Cooperation [19], the average electricity consumption for wastewater treatment was 33.4 

kWh/PE. The WWTP [20] shows the energy consumption in Europe at wastewater 

treatment plants by means of activated sludge at the level of 0.15 - 0.7 kWh/m3 often 

representing over 50% of the total site energy demand.  

Energy efficiency of WWTP is of increasing interest, not only due to economic but also due 

to environmental aspects. Hence, the optimization of energy consumption and generation in 

WWTPs is an important topic. Examples for energy self-sufficient WWTPs in the world are 

described in [21].  
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A mass and energy balance were conducted to evaluate the system performance. 

The operational parameters for current WWT plant and anaerobic digester are listed in table 

2.4 and 2.5. The total of sludge produced from Chisinau WWTP is 1,371.97 m3/day and

the total electricity consumption per day is 53,310 kWh. The AD system 

generated  22,792 kg/day, approximately 39,575 kWh/day.  

Table 2.4. Main results of the statistical analysis at Chisinau WWTP. Analysis section

No Unit Value Unit Value 

1. Wastewater flow m3/d 141,400 m3/year 51,594,337 

2. Total sludge at WWTP m3/d 1,371.97 m3/year 500,768.30 

a. Primary sludge m3/d 1331,56 m3/year 486,018.31 

b. Waste activated

sludge

m3/d 40.41 m3/year 14,749.99 

3. Total amount sludge to 

dewatering 

m3/d 1,340.32 m3/year 489,216.8 

4. Total Electricity 

consumption 

kWh/d 53,310 kWh/year 19,450,795 

a. pumping kWh/d 13,810 kWh/year 5,036,254 

b. treatment kWh/d 39,500 kWh/year 14,414,541 

5. Electricity consumption to 

remove  1 kg CBO5 

kWh/1kgCBO5 

per day 

1.69 kWh/1kgCBO5 

per year 

1.69 

6. Electricity consumption to 

treat 1 m3 water 

kWh/d 0.38 kWh/year 0.38 

7. Expenses for electricity lei MD/month 2,917,619.25 lei MD/year 35,011,431 

€uro/month 135,286.339 €uro/year 1,623,436.073 

8. Geotubes Pieces/year 160 €uro/year 391,308.8 

9. Polymer kg/year 19,825 lei MD/year 1,467,087.75 

€uro/year 73,911.68 

Table 2.5. Sludge management data in Chisinau WWTP modified by the addition of Flotation

Thickener, Anaerobic Digestion, and Sludge dewatering processes (data from year 2018) 

No Unit Value Unit Value 

1. Total amount of sludge 

produced from WWTP 

m3/d 994.70 m3/year 363,065.50 

a) primary clarifier m3/d 838.04 m3/year 305,884.60 

b) secondary clarifier m3/d 156.66 m3/year 57,180.90 

2. Total amount of sludge 

sent to dewatering 

m3/d 711.92 m3/year 259,851.49 

3. Volume of mass of water 

from sludge dewatering 

process 

m3/d 6,617.52 m3/year 2,415,393.80 

4. Amount of sludge cake m3/d 141.96 m3/year 51,814.30 

5. Amount of Gas kg/d 22,791.32 kg/year 8,318,831.80 

6. Amount of Biogas 

production 

m3/d 21,804.64 m3/year 7,958,629.30 

7. Amount of Methan m3 CH4/d 11,992.46 m3 CH4/year 4,377,247.90 

8. Amount of Electricity 

(3.3 kWh/1m3) 

kWh/d 39,575.12 kWh/year 14,444,918.07 

Energy recovery at WWTPs represents an important policy lever for sustainability. It can 

be done through biogas production. The biogas produced in a digester via anaerobic 

digestion has the energy potential of 6.5 kWh/m3 (65% methane content) and is the main 
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energy source in WWTP. It was estimated that WWTPs with sludge digestion consume 

about 40% less net energy than wastewater treatment plant without AD digestion [22].   

The Chisinau WWTP in 2018 year was consumed approximately of 19,450,795 kWh of 

electricity for treatment wastewater, which is about 45-50% of the overall operations and 

maintenances costs, then the power generated through biogas from anaerobic digestion 

could be helpful in reducing total energy consumption, as well as serving as an alternative 

power generation source.  

4. Conclusions

Chisinau WWTP can substantially reduce grid electricity consumption, especially by 

utilizing biogas from anaerobic digestion. With increasing stricter discharge requirements, 

and aging/old infrastructure, as well as rising energy prices and concerns about climate 

change, Chisinau WWTP face many challenges that could significantly increase energy and 

costs. In additional to reduced energy consumption, anaerobic digestion at WWTP could 

reduce greenhouse gas emissions by decreasing the amount of grid electricity required for 

operations. 
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