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Abstract

Traditional processes adopted in water supply and wastewater systems consume large amounts of
energy and generate relevant environmental impacts, since energy use is considered one of the largest
anthropogenic sources of greenhouse gases. The industry consumes 7% of all energy produced in the
world, increasing the costs of operations that cannot be fully passed on to users, especially in
developing countries such as Brazil. The worldwide projection of rising electricity prices further
aggravates the situation, motivating a mapping of the energy efficiency of the sector in order to identify
points of improvement. Several articles on the topic have already been published, but information for
Brazil is scarce. This paper presents a review on the energy consumption in each stage of the water and
wastewater sector, including the Brazilian scenario. Searches on the site www.sciencedirect.com, using
as keywords wastewater, water, energy, consumption and Brazil and government websites resulted in 20
documents that compose this work. The objective of this work was to review the energy consumption in
collective water supply and wastewater systems, from raw water abstraction to the final disposal of the
treated sewage, by compiling information and adding data on the Brazilian scenario. In general, the
current system is inefficient and require political integration in water and energy in order to overcome
the challenges.
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1. Introduction

The water industry is a major consumer of energy. From the construction phase of the plant to the
demobilization of the equipment, at the end of the plant’s life, it is necessary to use energy. Most,
however, is consumed during the operation of the water and wastewater treatment plants. In the United
States, about 4% of the country’s electricity is required to potable and distribute water, as well as to
collect and treat the sewage produced (Longo et al., 2016). It is estimated that this consumption
represents 7% of the total energy produced in the world, with a tendency to grow, due to the population
increase, which is expected to grow 70% by 2050 (Wakeel et al., 2016). Typically, energy consumption
represents 5 to 30% of the operating costs of a water and wastewater treatment plant in the world (Kang
& Chae, 2013). Most of this energy is electrical and is used to power pumps, valves, compressors, and
other equipment (Wang et al., 2016). In Brazil, companies of water and sewage services spent 847
million dollars on energy in 2010, or 10.8TWh. Expenditures on energy are among the largest expenses
in the water sector in Brazil and the world (Vieira & Ghisi, 2016). According to the latest information
pointed out by the National Sanitation Information System in Brazil (SNIS), the rate of consumption of
electricity in water and sewage systems is U$ 0.075/kWh.

On the other hand, the energy sector is the second largest consumer of water in the world, behind only
irrigation (Li et al., 2016a). Water is consumed by the energy sector in different processes, such as the
extraction of fossil fuels, refining, cooling of thermoelectric plants, etc. (Wakeel et al., 2016). In the
United States, for example, the use of water in thermoelectric plants for energy generation corresponds
to approximately 49% of the total water abstracted in their territory (Li et al., 2016a). It is estimated
that in 2010, 583 billion cubic meters, or 15% of the total water abstraction in the world, was used in
the energy sector (Wakeel et al., 2016).

In this way, water is needed to produce energy and energy is used in the water cycle, to collect,
distribute and treat water, as well as collect and treat sewage. As two basic resources for the
socioeconomic development of cities, water and energy interrelate, representing the nexus-water-energy.
The scarcity of one can limit the development, industrialization, and urbanization of cities, as well as
change the climate of the region (Li et al., 2016b). This interconnection between two fundamental
resources for life and world production has become a fascinating topic. The water-energy nexus has
permeated the modern economy and become prominent in political discourses in various countries (Li
et al., 2016a). It is necessary to understand and quantify the use of electricity in the water sector to
develop integrated public policies that guarantee the sustainable use of resources through efficient

models, technology, better management and appropriate choices for the future expansion of the sector.
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2. Method

This paper presents a systematic literature review that consists of an overview of existing evidence
pertinent to a clearly understanding of the subject. For this, a selected literature was analyzed and the
data found were compiled in tables and illustrated in figures, making more evident the stages of the
cycle of greater consumption of energy, that can be better managed.

The methodology used was to review the literature, through searches on the site
www.sciencedirect.com, using as keywords wastewater, water, energy, consumption and Brazil. Due to
the scarcity of articles found in Brazil, government websites, such as the Ministry of Cities, were
analyzed, extracting information from relevant technical reports.

This study applied the method developed by Ensslin et al. (2010), known as Proknow-C
method—Knowledge Development Process and Constructivist. It is a systematic approach to organize
the information collected in the literature and covers the construction of knowledge in stages. First, the
selection of articles is done using keywords in defined databases. Then the articles are filtered based on
specific criteria, such as alignment with the topic of interest and scientific relevance. Finally, redundant
and unavailable ones are eliminated. Once the bibliographic portfolio is established, the material is
analyzed in a systematic way, elucidating points of interest and pointing out gaps to be filled. This

study resulted in 20 documents that compose this work and are discussed.

3. Result

Figure 1 shows the consumption of electricity in the urban water cycle, as it is found in most countries,
with an average of 1kWh/m® of water entering the city in the form of drinking water and leaving as
treated sewage. Figure 2 presents the usual consumption in stages, with higher values being observed in
Wastewater Treatment Plants (WWTP). The analysis here does not consider the energy consumption in
the construction phase of the systems. Few researchers have studied this type of consumption, due to
the lack of available data and their reduced magnitude compared to the system operation phase, which
represents 70% of total consumption (Singh & Kansal, 2016) or even 94% (Wakeel et al., 2016).

The energy expended in gross groundwater abstraction can be estimated at 0.0027kWh/m® of high
water in one meter. In surface collection, consumption can be neglected if the Water Treatment Plant
(WTP) is close to the source. In general, the surface uptake varies from 0.0002 to 1.74kWh/m® and the
underground from 0.37 to 1.44kWh/m® (Wakeel et al., 2016). In Brazil, 47% of the water catchment is
on the surface, 39% is underground and 14% is mixed, with energy consumption between 0.25 and

4.5kWh/m® (Vilanova & Balestieri, 2015).
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Figure 1. Electricity Consumption in the Urban Water Cycle
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Figure 2. Electricity Consumption in the Stages in the Urban Water Cycle

The use of electricity in WTP is mainly affected by the quality of raw water and the technology used,
with distillation being the largest consumer, with a demand between 6.5 and 25.5kWh/m® (Wakeel et al.,
2016). In Brazil, 10 billion cubic meters of water per year are treated, consuming 8.59 billion kWh
(SNIS, 2016).

In the distribution of treated water, the greater the distance, the volume lost in the path and the demand,
the greater the energy consumption (Wakeel et al., 2016). In England, because pipes of the nineteenth

century are still in use, up to 70% of the water can be lost. In Brazil, the percentage is 28.2%, which
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corresponds to the per capt of 61.6 L/day. In terms of energy, this means a loss of 0.25kWh/m’® or
0.27% of the total energy consumed in the country. The reduction in water loss in distribution is one of
the most efficient ways to save energy, with economies of 25 to 50% (Vilanova & Balestieri, 2015).
The average loss in many countries is between 17 and 20% (Wakeel et al., 2016). Vilanova and
Balestieri (2015) investigated the use of energy in water supply (capture, treatment and distribution) in
Brazil. Electricity cost accounted for 16.8% of operating costs and consumption in WTP accounted for
1.9% of total consumption in the country. The average usage was 0.862kWh/m’, about twice the world
average. The latest data from the SNIS, in 2014, shows a worsening in the rate of loss, rising to 37%.
While Australia and New Zealand are practically zeroing this percentage. In Brazil, 80% of the
population is served with water distribution (SNIS, 2016).

Energy consumption in the final use of water is much higher than in the supply, due to the great heating
of the water. This spending depends on behavioral factors and the change in habits could reduce
consumption by at least 50% (Wakeel et al., 2016). In Brazil, per caput consumption was 139L/day in
2012, which represented 23.5% of the water used in the country. The remainder was used in irrigation
(53.5%), industry (16.6%) and animal consumption (6.4%) (Vilanova & Balestieri, 2015). In the SNIS
data for 2014, per caput consumption rose to 154 L/day (SNIS, 2016).

The energy consumption, in the collection and the pumping of sewage to the WWTP, depends on the
topography of the region, population density, distance to the WWTP and structure of the city’s sewage
system. Singh and Kansal (2016) estimated the average consumption in India in 45.3% of the total
consumed in the WWTP. Consumptions between 0.022 and 0.042kWh/m’ are typical in the world,
accounting for 5 to 18% of the total used in the WWTP (Longo et al., 2016). Brazil has a collecting
network 157,000 kilometers long, serving only 49% of the population (SNIS, 2016).

The energy demand in the treatment of sewage will depend on the flow, effluent quality and types of
processes adopted (Metcalf & Eddy, 2016). In Brazil, the annual volume of treated sewage is 2.6 billion
cubic meters (81% of sewage collected), consuming 802 million kWh in the year, or 0.24 kWh/m’
(SNIS, 2016). This value is low, due to the many WWTP in the country based on stabilization ponds or
Upflow Anaerobic Sludge Blanket (UASB) reactors, which consume very little electricity. In Germany
and Italy, about 1% of the country’s energy consumption is in the WWTP and is a good estimate for the
European countries (Longo et al., 2016). Wang et al. (2016) cited 0.6% for the United States and Li et
al. (2016a) reported from 0.21 to 0.49% for China. In general, treatment requires between 0.3 and
0.6kWh/m® (Shen et al., 2015), representing 15 to 40% of the cost of operating the WWTP, behind only
the workforce (Gikas, 2016).

LONGO et al. (2016) presented a review of the literature on energy consumption in WWTP in North
America, Asia and Europe. The aeration process in the secondary treatment consumes most of the
energy, between 45 and 75% of the total consumption. Wakeel et al. (2016) reported the energy
consumption in WWTP of different countries with average consumption of 0.38 to 1.122kWh/m’,

dominated by aeration. Li et al. (2016a) studied nine WWTP in China and observed that 60% of energy
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expenditure is in the secondary treatment and that consumption is much lower than in developed
countries, justified by the lower quality of the treated effluent and the modernity of WWTP in China,
built on last 10 years. Singh and Kansal (2016) analyzed the energy consumption in WWTP in India,
being 65.5% electric and 27.8% associated with the materials used in the process. Catarino and
Henriques (2016) evaluated 14 WWTP in Portugal and noted that aeration consumes 53% of energy,
with an increase of 30 to 50% in plants with an additional stage of nutrient removal. Energy
consumption is lower as the required level of treatment is less stringent. In Brazil, for example, the
removal of phosphorus is not mandatory in WWTP, which means that electricity consumption will be
lower than in countries where tertiary treatment with phosphorus removal is required by legislation.
Countries with more stringent quality standards and/or area boundaries may use more efficient,
smaller-area systems such as membranes, even if they pay the price of the highest energy consumption.
According to Gikas (2016), 20% of the energy in the WWTP is consumed in auxiliary processes, such
as pumping and lighting stations, with 0.52kWh/m’ being the only energy used in treatment (55% due
to aeration). The author created a pilot WWTP, with maximum removal of COD in physical processes
and minimal use of aerobic processes. According to the author, only optimizing traditional processes is
not sufficient to reduce the high energy consumption in the WWTP, since an organized effort in
Switzerland only managed to save 12%. Automated aeration control systems have reduced energy
consumption in WWTP, and several other economics suggestions are cited by Catarino and Henriques
(2016), even though they represent small contributions.

Disposal of the final effluent consumes little energy. With water scarcity, several countries are reusing
this effluent. On average, water reuse consumes between 0.18 and 0.63kWh/m’ (treatment without
distribution) (Wakeel et al., 2016). To produce reuse water there are different technologies with
different energy consumptions.

The management of the sludge produced in the WWTP can consume 0.074 and 0.15kWh/m® (Longo et
al., 2016). In Brazil, it is estimated that between 150 and 220 thousand tons of dry mud were produced
in 2010 (Pedroza et al., 2010). On average, 30% of the costs in the WWTP are attributed to the
treatment of sludge produced (Shen et al., 2015). However, some authors affirm that the sludge has the
potential to make the WWTP self-sufficient in energy, since the calorific value of dry sludge is 12 to
20MJ/kg, close to coal (14.6-26.7MJ/kg) (Zabaniotou & Samolada, 2014). Regardless of the scale,
each WWTP can improve its energy efficiency, saving 20 to 40% and, in some cases, up to 75%

(Catarino & Henriques, 2016).

4. Discussion

Table 1 shows the consumption of electric energy in the water and sewage systems, with the sewage
treatment being presented in Table 2. It can be seen the great variety in the energy demand, mainly due
to the different quality standards for the effluent treated and the technology used. At different levels of

treatment, different consumptions are observed, with a typical behavior: the more rigorous the level of
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treatment, the greater the energy consumption. The largest expense in water supply in Brazil is related
to the enormous loss rates. Due to the heating of the water during its use, the energy consumption is
much higher than in the other stages of the cycle. Reducing losses and stimulating the conscious use of
water can significantly reduce the demand for energy, in addition to reducing the volume of sewage
generated, however, per capita consumption and loss rates are increasing in the country. Most of the
studies are in the WWTP, due to the greater consumption of energy, mainly in the aerobic processes. In
Brazil, the tropical climate allows the use of anaerobic systems, which consume less energy and still
produce biogas. UASB reactors are the predominant technology nowadays in the country
(PROBIOGAS, 2016a), but most of the produced biogas is burned, without energetic use. To reverse
this scenario, the PROBIOGAS project is underway, with the objective of increasing the use of biogas
in Brazil. The main barriers to invest in biogas are: uncertainty about the cost/benefit of the project;
few reference projects in the country; difficulty in accessing technical, commercial and legal
information; lack of specific policies. All these difficulties can be overcome with political support
(PROBIOGAS, 2016b), which could transform WWTP into energy generating units, attracting
investments that would improve sanitation rates in the country. In addition, energy use contributes 57%
of the gaseous emissions responsible for global warming and only 0.3% of the water on the planet can
be used for consumption (FUNASA, 2006), leading to improvements in the management of these

resources.

Table 1. Energy Consumption in the Stages of the Water and Wastewater Sector

Process step Contry C(()E\S)tll}r:/lgg;) n Description Reference
World 0,0002-1,74 Surface
average 0,36-0,47 Underground Wakeel et al.
Capture and transport Spain 407 Surface (2016)
Australia 3,3 Surface
Brazil 0,25-4,5 Mixed B;{g;?gﬁ;gfs)
0,36-0,47 Reverse osmosis
0,92 Nano filtration
Desalination water World 0,5-1,7 Electrodialysis Wakeel et al.
treatment average 1,1-1,8 Solar photolysis (2016)
6,5-25,5 Distillation
2.4-8,5 Overall average
Germany 1,71 -
Distribuicao China 029 ) Wakeel et al.
India 0,3 - (2016)
Canada 0,68 -
Supply (abstraction, Brazil 0,862 Mixed Vilanova and
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conventional treatment and World Balestieri (2015)
R 0,37 Surface water
distribution) average
World 0.48 Subterranean
average water
Brazil 0,73 - SNIS (2016)
. . Wakeel et al.
End use Australia 50 Heating (2016)
. Singh and
. India 0,07-0,11 - Kansal (2016)
Sewage collection World
ot 0,022-0,042 -
average Longo et al.
2016
Sludge management World 0,074-0,15 - ( )
average
Australia 0,02 Final disposal
World 0,18-0,63
ffluent final di land average R Wakeel et al.
Effluent final disposal an Isracl 0.72 euse (2016)
Singapore 0,93
Australia 2,5-4,5 Reuse in
scattered area
Table 2. Energy Consumption in Wastewater Treatment
Consumption
Area Process (kWh /m3) Reference
Wakeel et
World average 0,38-1,122 al. (2016)
. . Gikas
World average Conventional Activated Sludge 0,3-0,65 (2016)
South Africa Stabilization ponds 0,079-0,28 Wang et
p 170 al. (2016)
South Africa Thickening filter 0,19-0,41 Wang et
& AT al. (2016)
. . . Wang et
South Africa Conventional Activated Sludge 0,33-0,61 al. (2016)
South Africa Aeration Ditch 0,48-1,03 Wang et
’ ’ al. (2016)
Singh and
India Conventional Activated Sludge 0,26 Kansal
(2016)
Kang and
South Korea 0,243 Chae
(2013)
Wang et
Germany 0,4-0,43 al. (2016)
. Lietal.
China 0,12-0,38kWh/t (2016b)
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. . . . Wang et
China Anoxic-anaerobic-oxide 0,254-0,31 al. (2016)
. 2 million . . . Wang et
China ) day Anoxic-anaerobic-oxide 0,13 al. (2016)
' Lietal.
China Membrane 0,6 (2016a)
China Anoxic-anaerobic-oxide 0,45 Lictal
’ (2016a)
. . Lietal.
China Humic filter 0,25 (2016a)
. . . Lietal.
China Aeration Ditch 0,4-0,5 (2016a)
China 45m’/da Humic filter 0,15 Wang et
Y ’ al. (2016)
3 . . Gikas,
Greece 380m’/day WWTP described by Gikas (2016) 0,087 (2016)
. SNIS
Brazil 0,24 (2016)
Vieira and
Brazil Conventional Activated Sludge 0,57 Ghisi
(2016)
United States ~ 104-106m’/da 0,52-0,55 Wang et
Y e al. (2016)
. Conventional Activated Sludge with Wang et
United States chlorine disinfection 0,287 al. (2016)
. Conventional Activated Sludge with Wang et
United States UV disinfection 112 al. (2016)

5. Conclusion and Recommendation

This work presented a review in the literature on the consumption of electric energy in water supply
and sanitary sewage. The typical global consumption is around 1kWh/m® and needs to be reduced,
considering the environmental impacts and associated costs. In developing countries, where much of
the population is still lacking and cannot afford high water and sewage tariffs, the current model
becomes a deficit. Adopting efficient energy management, however, could make it economically
attractive. In Brazil, UASB reactors can generate energy through the biogas produced, if there is an
integration in water and energy policies, in order to overcome the current barriers. Policies to stimulate
the rational use of water and its reuse, as the Chinese government has implemented and some Brazilian
cities that face water shortages are doing now, for example, help to reduce the energy consumption,
since much of the water used becomes wastewater. Incentives and investments in the sector, to recover
the energy potential of the wastewater, besides fostering the energy self-sufficiency of the WWTPs,
which collaborate for the production of a clean and renewable energy in the country, will lead to
economic gains; these gains could boost the growth of the basic sanitation in the country and help to

unlock the national health system.
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