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ABSTRACT

Wastewater treatment sector, in Algeria, uses exclusively two processes: the activated sludge
applied in the north and the lagooning in the highlands and the south. In the operating bal-
ance of the National Sanitation Office (ONA), the activated sludge wastewater treatment
plants are characterized by a high electricity consumption which induced high cost and
greenhouse gas (GHG) emission. In 2010, about 104.32 million m® of wastewater was treated.
This operation consumed 30,900 MWh of electricity which cost 1.04 million Euros (€) and
emitted 18,761 tons of CO,-equivalent. In 2013, the treated wastewater increased by 35.2%
and the electricity consumption by 45.8%. To establish an exhaustive diagnostic, this study
evaluated the electricity consumed during 2009/2010 in an activated sludge wastewater
treatment plant of 70,000 population equivalents (PE) (i.e. Unit of a pollution load produced
daily per person, fixed at 60 grams of DBOs, which is used for the sizing of the wastewater
treatment plants). Three areas were investigated: (1) the treatment process which consumed
89.63% of electricity; (2) the management department and the laboratory with 4.60%; and (3)
the outdoor lighting with 5.77%. The biological treatment was the intensive-energy part of
the treatment which consumed 70.05% of electricity. The aim of this diagnostic was to evalu-
ate the performance level of the activated sludge wastewater treatment process relatively to
the energy, financial and environmental factors in order to optimize the process and, then, to
evaluate the benefit that could be provided by the integration of renewable energy in a sus-
tainable wastewater treatment context.

Keywords: Algerian wastewater treatment sector; Activated sludge process; Electricity
consumption; Electricity cost; Greenhouse gas emission

1. Introduction the major challenge faced by nations with growing
economies and populations [1-3]. Furthermore, unre-
strained exploitation of the earth’s natural resources
has already resulted in major environmental problems
such as air, water and soil pollution [4-7].

Water and energy resources availability, as well as
environmentally sustainable development, represents
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Water pollution and scarcity will affect, in particu-
lar, poor countries located in arid areas of the world
where it is already estimated that 1.2 billion people
have got drinkable water [8]. In arid areas like North
Africa, Middle East, Central and west Asia, water
scarcity and its poor quality constitute a growing con-
cern not only for freshwater supplies but also for agri-
cultural and industrial activities [8,9].

Furthermore, all over the world, people become
aware of the environmental and economic conse-
quences induced by the lack of potable water [10-13].
To counter these threats, significant investments have
been made in municipal and rural areas to satisfy the
domestic, industrial and agricultural water demands
of society.

In the field of clean water supply, Algeria is vul-
nerable inherently because of its geo-climatic location
in the north of Africa. The region along the southern
Mediterranean coast is sub-humid. However, the
majority of the countries in the south are semi-arid
and arid regions characterized by low rainfall and
high temperature. An ambitious programme [14] was
established to increase water resources in these
regions through the rational exploitation of surface
water and dams, the exploration of new groundwater,
the use of desalinated seawater and the reuse of trea-
ted wastewater. Effectively, the total volume of treated
wastewater was discarded without reuse despite the
fact that it constitutes an important water resource
estimated at 1.2 billion m® yearly [15]. Now, the Alge-
rian government plans the wastewater reuse and the
increase in its collect and treatment [14]. In the Five-
Year Plan 2010/2014, funds are provided for the
building of 40 new wastewater treatment plants
(WWTP). They will be added to the 123 existing ones
to treat the totality of rejected wastewater [14]. The
new plants will be located in cities and coastal towns
that have a population of more than 1000,00 people.

Although this strategic policy is imperative to
secure water resources, the plan will significantly
increase electricity consumption and management
costs in the wastewater treatment sector. Moreover,
this will induce important environmental damages,
especially concerning the greenhouse gas (GHG) emis-
sion because of the significant electricity consumption
generated by fossil energy. The same consequences
will affect all countries that suffer from water short-
ages and where an increase in water supplies will be
sought using energy generation through unsustainable
fossil fuel consumption. In Saudi Arabia, for example,
water pumping and desalination consume over 9% of
the total annually generated electricity. The same
trend is observed in other Arabian Gulf countries
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where 5-12% of the total electricity generated is
consumed by the desalination system [9].

The situation becomes more complex if the water—
energy nexus is considered, because the increase in
water demand is positively correlated with the energy
consumption. Water pumping and wastewater treat-
ment consume 7-8% of the global energy production
[9,16-18]. Between 2006 and 2030, the International
Energy Agency expects that the energy needs of
wastewater treatment will increase by 44% [19]. Now,
if the water—energy—food interaction is considered, it
can be seen that food security requires both water and
electricity. In 2050, a food increase of 70% will induce
an increase of 20% of agricultural water consumption
[18,201].

2. The Algerian wastewater treatment sector

The total volume of wastewater has increased con-
tinuously over the last decade. In 1999, it was esti-
mated at 600 million m?; it represents a ratio of 19.88
m?>/inhabitant. In 2010, this volume had increased by
100% to reach 1.2 billion m’; this corresponded to a
ratio of 32.34 m®/inhabitant for a collecting rate esti-
mated at 86% [15]. This percentage is higher than the
three-fifths of the Europe Member States, fixed at 70%
[21]. It is also comparatively superior to the Arab
Countries fixed at 60% in 2010 [22]. Several factors
have resulted in the increase in the wastewater vol-
ume, especially the upsurge in urban populations with
the corresponding rises in potable water consumption.
Indeed, drinking water volume, which was estimated
at 1.4 billion m? in 1999, representing 40.46 m>/inhabi-
tant, has increased by 100% in 2009. The increase was
also due to the rejection of both rainwater and indus-
trial wastewater in the single combined sewerage
network [15].

Over the last decade, significant investments were
injected in this sector for the increase in the sewerage
network length. In 1995, the sewage network collected
about 79% of discarded wastewater; the rest was
rejected in natural areas (i.e. Mediterranean Sea, riv-
ers, etc.). This percentage increased to 86% in 2010
and represents about 41,000 km of sewage network. It
is planned that, by 2020, the network should reach
54,000 km [15,23].

In the same manner, the number of WWTPs
evolved despite the fact that treated wastewater was
not reused until 2012 when legal provisions were
taken [24]. The number of plants was 18 in 2000 and
increased, in 2011, to 123 that were managed mainly
by ONA and the local authorities, building operators
and stock companies in major cities [15]. Since 2006,
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new stock companies were also formed, namely SEA-
AL (www.seaal.dz), SEOR (www.seor.dz), SEACO
(www.seaco.dz) and SEATA (www.seata.dz), which
group with ONA (www.ona.dz), the Algerian water
company (ADE www.ade.dz) and SUEZ environment
(www .suez-environnement.fr).

3. Tipasa wastewater treatment location and process

In 2010, Tipasa WWTP, was one of the 68 WWTPs
managed by ONA. It is located in Chenoua area,
which is 70 km west of Algiers.

The plant is conceived to treat urban wastewater
of 70,000 PE. It processed daily 5,714.77m> of raw
wastewater at 35% of its capacity. The treatment is
based on the activated sludge process at low load with
extended aeration, which allowed an optimized treat-
ment in a small area. In 2010, the remediation effi-
ciency reached 98% in BOD and 86% in COD [25].

As shown in Fig. 1, the process begins from the
sewage lift (stage A), where raw wastewater is
rejected by the sewage network into a collector (i.e.
the collector regulates a constant wastewater flow
designed for an optimum treatment). At this stage,
raw wastewater passes through a first screening sys-
tem from which it is relieved by pumping and trans-
ferred to the stage B. The last stage is a pre-treatment
operation where a second screening system and a grit-
oil separator are used to eliminate huge waste, sand
and oil. After this stage, pre-treated wastewater is con-
veyed towards the aeration tank where it is continu-
ously aerated by six 75-kW propeller aeration
machines. This biological treatment (stage C) is based
on the activation of the aerobic micro-organisms, natu-
rally found in the wastewater. Their development
induced the organic matter reduction (i.e. the organic
matter is transformed into carbon dioxide, water and

Treated A- Sewage lift

wastewater

Clarification  Biological treatment  Pre-treatment | B-Pre-treatment

(1) Screening system
“4)

(2) Grit-oil separator
[# (3) #](3) #](3)
#(3) #](3) #]( 3)

C-Biological treatment
(3) Propeller aeration
(4) Aeration tank

D-Clarification
(5) Clarifier 1
(6) Clarifier 2

'(A) E-Sludge conditioning
Raw (7) Sludge thickener
wastewater | (8) Belt press

Sewage sludge }?:

Sludge conditioning
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Fig. 1. Tipasa wastewater treatment plant flow diagram.
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other inorganic compounds) to achieve an activated
sludge concentration of 30 mg/l. The last operation is
the clarification (stage D) where two conical tanks
recover the sludge from the bottom of the tanks and
the clarified water from their summit. A part of the
recovered sludge is returned to the aeration tank. The
sludge excess, estimated daily at 130 m?, is evacuated
towards the conditioning operation (stage E). At this
level, another settling tank is used for sludge decanta-
tion. Then, the thickened sludge is pressed by a belt
press to reduce dryness from 3.5 to 20%. At the end of
the treatment process, treated wastewater is dis-
charged into a stream, and the dehydrated sewage
sludge, estimated yearly at 3,040 tons, is released into
a landfill site.

4. Methodology

4.1. Evaluation of the conventional electricity consumption
and its cost

In the first step, all electrical equipment used in
the WWTP process and their electrical power were
identified. In the second step, for all equipment, the
daily uptime and its hourly distribution were
recorded from hourly counters of the dashboard
plant. The last step permits the elaboration of a
database where the daily and the monthly uptimes
and their hourly distribution are saved. These two
steps allowed the assessment of the daily, monthly
and yearly electricity consumption of the electrical
equipment. Moreover, the calculation of their elec-
tricity consumption and their cost was carried out
using the hourly distribution of the electricity con-
sumed according to the hourly electricity price plan
used in Algeria [26].

For the office building, including the management
department and the laboratory, electricity consump-
tion and its cost were estimated taking into account
the electrical power of the offices and laboratory
equipment used during the Algerian administrative
work hours. For the outdoor lighting, the electricity
consumption and its cost were evaluated considering
the bulbs’ electrical power and their daily uptime dur-
ing the darkness periods.

In Algeria, the plan of the hourly electricity prices
fixes the rates at 6.92 centime Euros per kWh
(c€/kWh) during the peak load period, at 1.53
c€/kWh during the base load period and at 0.81
c€/kWh during the off-peak load period.

The peak period is fixed from 5pm to 9 pm, the
base period from 9 pm to 10.30 pm, equally from 6 am
to 5pm and the off-peak hours from 10.30 pm to 6 am
[27].
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4.2. Evaluation of the GHG emission

During the WWTP operation, the electricity con-
sumed was generated at a national level and delivered
by the interconnected national distribution network.
The assessment of GHG emission, induced by the
WWTP electricity consumption, required the determi-
nation of the primary fuel burned during its
generation. During the study period, electricity was
generated from 96% of natural gas characterized by a
net calorific value of 423 M]J/m?> [26]. Three types of
technologies were used, namely gas turbines, steam
turbines and combined cycle, which contributed 56, 22
and 18%, respectively, to produce electricity. Each
technology has, respectively, a conversion efficiency
rate of 35, 40 and 55% [28].

During the electricity generation, the total volume
of natural gas consumed by the three used technolo-
gies was calculated as follows (Eq. (1)):

The calculation of the volume of natural gas fuel,
characterized by a PCS 423MJ/m’ [15], was deter-
mined from the equation yields:

55%
NGC = )~ EC-PR/NCV -y (1)
i=30%

where NGC is the Natural gas consumption (m®), EC
is the Electricity consumed (kWh), PR is the Participa-
tion rate (%), NCVis the Net calorific value (kWh/m?)
and 7 is the Conversion efficiency (%)

The rest of the electricity produced, about 2% [28],
was generated by hydroelectric turbines with a GHG
emission estimated at 9 g of CO,-eq/kWh [29]. Electri-
cal losses due to distribution via the interconnected
national network were evaluated at 4.5% of the total
production [28].

The 2% of the electricity generated from diesel
generators is not taken into account. This electricity is
not injected into the national distribution network but
it is consumed in remote areas.

Carbon dioxide (CO,), methane (CH,) and nitrous
oxide (N,O) emissions were calculated according to
the Tier 1 approach of IPCC guidelines [30] as follows
(Eq. @)):

Emissions GHGg,; = Fuel Consumptiong,
- Emission Factor GHGg, 2)

From Eq. (2), the GHG emissions are performed using
Eq. 3):
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CO,,CHy N,O
> NGC-NCV -DEF-GWP ®)
GHG

GHG =

where GHG: Greenhouse gas emission (kg of CO5-eq),
NGC: Natural gas consumption (m?), NCV: Net calo-
rific value (Tj/m’), DEF: Default emission factor
(kg GHG/T]), GWP: Global Warming Potentials
(100-years time frame).

5. Results and discussion
5.1. Electricity consumption

In the WWTP, the yearly electricity consumption
was estimated at 1,249.72 MWHh; this represents a ratio
of 0.6 kWh/m®>. About 90% of the electricity was con-
sumed by the wastewater treatment process to treat a
yearly wastewater volume estimated at 2.08 million
m°. The remaining was consumed by the management
department and laboratory, estimated at 4.6% and the
outdoor lighting, evaluated at 5.77% (Fig. 2).

The biological treatment consumed the highest part
of electricity, estimated at 70.05%. This is due to the
aeration of the biological tank where six 75-kW
propeller aeration machines are continuously used
(cf. Fig. 1). This stage of treatment induced the most
important operating budget, evaluated at 15,468.35 €.
However, this percentage is up to the limits as it con-
sumes between 50 and 60% of the electricity as
reported by the literature [31]. In other studies, the
electricity consumption rate is extended until 80%,
while the upper limits indicate the need for aeration
optimization [32]. In Tipasa WWTP, which became
operational in 2008, the high electricity consumption
should be induced by the high BOD reduction, esti-
mated at 98%, and its low treatment capacity. Often,
in new WWTPs, the sizing is calculated for a lifetime
of 25years, which is not reached at the beginning of
the operation.

B Sewage lift

B Pretreatment

® Biological treatment

® Clarification

® Sludge conditioning
Management and laboratory

Outdoor lighting

Fig. 2. Distribution of the yearly electricity consumption in
Tipasa wastewater treatment plant (2009/2010).
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The yearly electricity cost of the wastewater treatment plant management

Investigated stages

Yearly cost (€) Yearly cost (%)

A-Sewage lift

B-Pretreatment (1) + (2)

C-Biological treatment 6.(3)
D-Clarification 2.(5)

E-Sludge conditioning (7) + (8)
Wastewater treatment process
Management department and laboratory
Outdoor lighting

Wastewater treatment plant

1,670.83 6.74
2,211.20 8.92
15,468.35 62.45
1,772.02 7.15
412.27 1.66
21,534.68 86.95
1,763.38 7.12
1,468.17 5.93
24,766.23 100

Note: Letters A-E and number 1-8 refer to Fig. 1.

5.2. Electricity cost

The electricity consumed during the WWTP man-
agement costs 24,766.23 € (Table 1). The ratios of the
electricity consumption and its cost are estimated at
0.6 kWh/m® and 1.18 c€/m°. Comparatively to the
Algiers area where the activated sludge process is
exclusively applied in the 4 WWTDPs, Tipasa’s ratio is
higher. It is estimated at 0.4 kWh/m® [25]. At the
opposite, the electricity cost is lower compared with
Algiers ratio which is estimated at 1.31 c€/m°. This is
explained by the interruption of the aeration machines
operation during the peak hours for the reduction in
the treatment cost.

The ratios of the plant are also higher compared
with the wastewater treatment conducted in the 68
WWTPs managed by ONA. At this level, the electric-
ity consumption ratio is fixed at 0.42 kWh/m? and the
cost at 1 c€/m>. This is due to the combination and
use of the activated sludge and lagoon processes that
reduce the electricity consumption and its cost.

Table 2

5.3. GHG emission

The electricity consumed during the plant opera-
tion was generated by the national electricity grid.

Table 2 shows that more than half of the electricity
consumed in the WWTP was generated by the gas tur-
bine technology. Due to its low efficiency, this technol-
ogy emitted the highest quantity of GHG intensity
estimated at 160 g of CO,-eq/kWh. Stream turbine and
combined cycle technologies are characterized by
higher efficiency rates evaluated, respectively, at 40
and 55%; this results in less GHG emission. The GHG
emission was estimated at 140 g of CO,-eq/kWh when
the stream turbine is used and at 102 g of CO,-eq/kWh
when the combined cycle technology is used. Finally,
the lowest amount of GHG emission, estimated at 9g
of CO,-eq/kWh, was emitted by hydroelectric technol-
ogy (diesel electricity generation was not taken into
account, cf. 4.1).

These data permit to conclude that the yearly
electricity consumption, evaluated at 1,249.72 MWh,

GHG emission induced by the electricity consumption in Tipasa wastewater treatment plant

GHG emission

Technology used  Partici- Tipasa wwtp Conver- Natural gas GHG

for electricity pation electricity sion consumed CH; N;O intensity
generation rate (%)  consumption (kWh)  rate (%) (10°m?) CO, (kg) (kg) (kg) (t COz-eq)
Gas turbine 56 699,847.12 35 47.28 112,175.50 42.00 62.00 112.28
Stream turbine 22 274,939.94 40 16.25 38 .56 14.43 21.30 38.60
Combined cycle 18 224,950.86 55 9.67 22.94 858 12.68 2296
Hydro-electricity 2 24,995 - - - - - 0.22
Diesel turbine 2 - - - - - -

Total 98 1,224,733 73.2 173.68 65.01 96.00 174.06
Total 104.5 1,305,965 185.61
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Table 4
Average ratio of energy consumed for wastewater treatment in 2010 [25,31]
Netherlands  Australia  Algeria (ONA) USA  Switzerland Spain  Singapore  United Kingdom  Germany
0.36 0.39 0.42 0.46  0.52 0.53 0.56 0.64 0.67

emitted 177.62 tons of CO,-eq. The consideration of the
electricity lost by the interconnected network (4.5%
cf. 4.2) added 56,237.71kWh to the balance. This
induced a total GHG emission of 185.61 tons of CO,-eq
with a GHG intensity of 142.12 g of CO,-eq/kWh.

The GHG intensity is significantly lower compared
with the national average estimated, in 2009, at 574 g
of CO,-eq/kWh [33]. However, it is to note that the
national average of GHG emissions was estimated
according to electricity and heat generation using nat-
ural gas. Equally, in Algeria, natural gas is generally
the unique fuel combusted for heat generation.

5.4. Electricity consumption, cost and GHG emission of the
WWTPs managed by ONA

The activated sewage sludge process was applied
in 38 WWTPs for a total of 68 (Table 3). Moreover, the
aerated lagoon process, applied in nine WWTPs,
increases the electricity consumption. Effectively, as
shown in Tipasa WWTP (cf. Fig. 2), the engines used
for the extended aeration consumed 70.05% of the
plant’s electricity. The lower electricity rate is con-
sumed by the lagoon process which is applied only by
30% in the WWTPs.

During 2010, the treatment of the total volume of
104.32 million m®> wastewater consumed 30,900 MWh
of electricity in addition to the 13,443 MWh consumed
by the sewage lift. (i.e. sewage lift is used to pump
wastewater from the underground sewage network to
the WWTDPs level) [19]. Table 3 shows that the total
amount of the electricity consumed for the wastewater
treatment and sewage lift cost 1.58 million € and
induced the emission of 6,302 tons of CO,-equivalent.

The ratio of the energy consumption per m® of
treated wastewater does not differ considerably
between the different Algerian WWTDPs. It ranges from
020 kWh/m?, in Ouargla, to 0.4 kWh/ m?, in Algiers.

In comparison with other countries (Table 4), the
average energy consumed in the Algerian wastewater
treatment sector, estimated at 0.42 kWh/m?, is rela-
tively low. It ranges between the Australian ratio, esti-
mated at 0.42 kWh/m?, and the USA ratio, fixed at
0.46 kWh/m®.

During 2013, the building of 28 new WWTPs has
increased ONA’s wastewater treatment capacity.

However, the only two wastewater treatment pro-
cesses, namely the activated sewage sludge and the
lagooning, still apply in 77% of the plants.

The total volume of treated wastewater was esti-
mated at 161 million m®. Compared to 2010, this repre-
sents an increase of 35.2%. The yearly energy balance
estimated the electricity consumption at 60,283.3 MWh,
in the wastewater treatment, with an increase of
48.74% relatively to 2010. In the sewage lift, the
electricity consumed was evaluated at 21,675.65 MWh,
representing an increase of 38% compared to 2010 [34].
Regarding the total amount of the consumed electric-
ity, evaluated at about 82 MWh, an increase of 45.8%
was recorded in comparison with 2010. This has cost
1.58 million € and induced an emission of 6,302 tons of
CO;-equivalent (Table 5).

6. Conclusion

The investigation on the activated sludge process,
during 2009-2010, applied for the wastewater treat-
ment in Tipasa plant, estimated the yearly electricity
consumption at 1,249 MWh. This represents 4% of
electricity consumed in the Algerian wastewater treat-
ment sector which induced a cost of 24,766.23 € and
an emission of 185.61 tons of CO,-eq.

89.63% of the electricity was consumed by the
treatment process, 4.60% by the management depart-
ment and laboratory and 5.77% in the outdoor light-
ing. The share of the electricity consumption showed
that the biological treatment consumed the largest
quantity of electricity, estimated at 70.05% and the
most important operating budget, evaluated at 62.45%.
The consumed electricity rate exceeds the international
limit which is between 50 and 60%; it increases the
consumed electricity ratio by m> of treated wastewater
until 0.6. The rest of the electricity was consumed at
6.91% in the pre-treatment, 6.5% in the clarification,
4.27% for the sewage lift and 1.9% for the sludge
conditioning.

At the national level, the intensive-energy aeration
was used in 70% of the wastewater treatment plants
managed by ONA. In 2010, the treatment of 104 mil-
lion m® of wastewater consumed 44,343 MWh which
cost 1.58 million € and induced an emission of
6.32 10° tons of CO2-equivalent. In 2013, the use of the
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intensive-energy aeration evolved to 77%. The volume
of treated wastewater has increased by 35.2%, induc-
ing an increase in the electricity consumption and
GHG emission by 45.8%. Regarding the ratio of the
electricity consumption per m® of treated wastewater,
it has evolved from 0.42 to 0.5.

In perspective, ONA investigates the optimization
of the electricity consumption, first, by the reduction
in the operation duration of the aeration engines.
Then, it plans the local electricity generation in each
wastewater treatment plant using the biogas cogenera-
tion and the solar photovoltaic electricity generation in
a sustainable context.
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