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Abstract

Greywater can be viewed as an important resource which could be
diverted for variety of application to water starved areas. With the
increased challenges of freshwater availability, reliable alternatives
like treated greywater need to be searched upon. Its constant
availability throughout the year with low organic content makes it
quite suitable and cost feasible for recycling and also a good source
of water for augmenting water supply. Various Greywater treatment
methods such as physical, biological, chemical, constructed wetland
and combined treatment have been analysed in this paper for both
Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) removal efficacy. Also the feasibility aspects of
these technologies in terms of effluent generation, space
consumption, financial viability, expertise required have been
analysed with reuse perspective and it was found that the relatively
simpler technologies like physical treatment and constructed
wetlands are cost effective in treating greywater and are suitable for
reuse in landscaping and flushing. Complex technologies like
chemical and biological treatment technologies generate treated
effluent suitable for stringent reuse applications. Social acceptance
and awareness are some of the other aspects which need to be
considered for enhancement of usage of such technologies.
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INTRODUCTION

World is facing a global challenge in the form of freshwater
availability due to various reasons including increased urbanization.
It is estimated that by the year 2025 about one third to half of the
global population will face water shortage (Juan et al. 2016). It is
expected that the per capita availability of freshwater in 2025 would
reduce to 1,500 cubic meters per year from 2,200 cubic meters in
1997 and 5,300 cubic meters in 1955 (Mehta 2012). This calls for
immediate attention to augment the freshwater supply by focusing
the reuse of rainwater, storm water and recycling domestic
wastewater using various technologies. Depending on the source of
generation and characteristics of wastewater generated, domestic
wastewater can be segregated into two groups i.e. greywater (GW)
and blackwater (BW). GW is the wastewater generated from
bathroom, laundry and kitchen (Guidance Manual 2007) while BW is
wastewater from water closet flushing. Based on strength of GW
generated, it is further segregated as light GW generated from
shower, washbasin, floor cleaning and dark GW generated from
kitchen sink and laundry/washing machines. It is a widely accepted
fact that GW recycling is feasible and reusing GW may supplement
up to 50% of freshwater demand (Kundu et al. 2015). The large
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unremitting accessibility of GW with low organic content leads to
the possibility of treating it with ease at a lower cost, making it most
suitable for recycling.

Even though reuse of GW can contribute to sustainable water
management, GW treatment and reuse schemes have not been
actively considered by water managers so far. The primary reason for
this is the availability of limited information on quantification and
characterization of GW (Vakil et al. 2014). Other issues, like use of
GW with or without treatment, indoor or out-door reuse (Ling and
Benham 2014), cost of treatment and reuse infrastructure (Nnaji et al.
2013) and social acceptance (Odeh 2003) are also associated with
reuse of treated GW.

The paper presents an overview of GW treatment options by
describing the various feasibility factors for treating GW as a source
of water supply. The purpose is to enhance understanding about
suitability of available water technologies for various specific
purposes as per the user requirements.

MATERIALS AND METHODS

For the purpose of this study, a number of research papers have been
referred to understand various aspects of GW treatment technology.
The data provided in these published studies about various
characteristics of the studied treatment technologies have been
compiled and analysed using exploratory statistical methods to
generate graphs which have been interpreted and explained. Further,
a comparative analysis of these technologies for reuse has been
performed. A conceptual framework has been developed to
understand the water resource supply in cities for different purposes,
it’s first usage, treatment technologies available, and potential
options for reuse of treated water. The feasibility aspects of the
studied technologies have been analysed with reuse perspective.

RESULTS
Augmenting Water Availability - GW as a Resource

The physical, chemical and biological parameters of GW generated
have wide variation depending on the source of its origin. Treating
GW is relatively easier and economical compared to treat the entire
domestic wastewater generated (Vakil, et al 2014). The figure 1
gives a comparative insight into the major physico-chemical
characteristics of GW and BW to further validate this.
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Figure 1: Characteristics of BW and GW,;
(Source: Vakil et al., 2014, Jamrah and Ayyash, 2008, Shamabadi et al., 2015, Ushijima et al., 2013, Pidou et al., 2007)

It can be clearly seen from the figure 1that constituents load for GW
is less than half that of BW indicating the degree of treatment
required for GW would be significantly lesser than that of BW.
Characterization of GW has mostly been done based on physico-
chemical parameters. About 70-77% of the total consumed water
converts to GW (Kujawa et al. 2006; Ghaitidak et al. 2013). The

Blackwater

30%

Greywater

70%

indoor domestic water consumption in developed countries
comprises of 30-70% of total urban water demand of which 60-70%
is transformed into GW and remaining 30-40% forms BW (Friedler
et al. 2006).

In India, a fast developing economy, the generation of GW in urban
areas is best explained vide the figures 2(a) and 2(b):
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Figure 2a and b: Estimation of GW and BW generation in major Indian cities
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Figure 2(a) shows the quantification of GW and BW generation
estimated for major Indian cities using Indian Standards (1S):1172,
2007for Code of basic Requirement for Water Supply, Drainage and
Sanitation and Manual on Sewerage, 2013 while figure 2(b) shows
GW as estimated from water consumption pattern of Indian cities
reported by Shaban (2008). From both these figures, it can be
interpreted that the GW generation in urban Indiais about 70-75% of
total water consumption. This indicates availability of large source of
water with persistent supply round the year.

PHYSICAL BIOLOGICAL

CONST. WETL.

Comparative Analysis of GW Treatment Technologies for Reuse

Treatment methods investigated to treat GW may be categorized as
physical, biological, chemical, constructed wetlands and combined
treatment. Various studies have been examined to develop an
understanding on the treatment of GW and BOD and COD removal
to compare the treatment efficacy of these technologies. Removal has
been categorized as low: < 61%, Moderate: 61-80%, High: >80% for
ease of understanding in figure 3(a) and figure 3(b) showing BOD
and COD removal respectively. After a detailed literature review,
only those type of studies have been considered which provide
comparative data for removal of both BOD and COD.

CHEMICAL COMB. TREAT.
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Figure 3a: Variation in BOD removal using different technologies
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Figure 3b: Variation in COD removal using different technologies
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It is seen from the figures that BOD removal by Physical method is
low while for biological, constructed wetland and chemical method,
it is low to moderate. Highest degree of BOD removal can be
achieved by combining various individual treatment methods to form
a treatment scheme. However, for highest level of COD removal is
methods can
successfully remove low to moderate level of COD. Annexure gives
further details on the various treatment methods examined for this

achieved by chemical

study.

methods while rest all

A conceptual framework has been developed, refer to figure 4 which
shows the water resources and supply network as the starting point of
the whole chain. Supplied water can be broadly categorized for
domestic and industrial usage. Since domestic usage is the main
source of generating GW, it is further categorized into Kitchen
supply and other. The GW (light and dark) generated from these
sources can be treated using multiple treatment technologies. The
effluent generated can be reutilized as per the quality requirement for
the specific usage.

From this consultative process, it can be seen that GW available can
be treated by various techniques for reuse for various purposes in the
urban areas of India.
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Figure 4: Conceptual framework for reusing GW as a resource in urban areas
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In the above figure reuse of treated effluent has been considered
based on feasibility parameters like quantity and quality of effluent
generation, space availability and techno-commercial aspects. The
feasibility parameters have been further explained as below:

Effluent Generation

Most of the treatment technologies generate treated effluent of
acceptable quality for reuse purposes. However, for specific reuse
additional treatment like equalization tank, disinfection etc. may be
required. In addition to the above analysis, it may be needed to consider
the peak and off-peak load impact of GW on efficiency of such
technologies. In case of constructed wetlands, it could be the seasonal
variations which can reduce its efficiency due to heavy siltation during
rainy or post-rainy season leading to high turbidity or it can enhance its
treatment capacity due to availability of diluted effluent. Similarly,
incase of chemical treatment, the frequent variation in load of GW
generated may result in varying quantity of chemicals to be used if
adequate equalization of GW generated is not proposed.

It may be mentioned that almost the entire quantity of raw GW taken
for treatment is available for reuse in all the treatment technologies but
for Constructed Wetland, very little water is left for reuse after
treatment.

Space Availability

Constructed wetland is the most suitable GW treatment technology for
rural areas where plenty of land is available for such treatment
processes. Using raw GW for irrigation in rural areas may have adverse
health effects in addition to clogging of irrigation facilities.

In urban areas, often there is a gap between supply and demand of
freshwater which increases the feasibility of reusing GW after treatment
for various purposes such as landscaping, flushing, fire- fighting,
recreation, street washing etc. Physical treatment with disinfection, if
required, is a more suitable technology for smaller sub-urban areas like
in colonies, buildings etc. However, for large residential and industrial
complexes chemical, biological or combined treatments are more
suitable.

Expertise Required

The treatment technologies like physical treatment and constructed
wetland are relatively simpler techniques and therefore its
implementation is relatively easier. Their operation does not require
skilled manpower. However, for all the remaining treatment options in-
depth technical knowhow is required for its implementation and
operation. Thus, physical treatment and constructed wetlands, being
simpler treatment technologies, are more suitable for areas which have
ample land at inexpensive rates or such places where there is shortage
of skilled persons or have financial limitations due to which
affordability of skilled staff is not possible.

Financial Viability

Cost can be a major criteria often considered to implement a treated
GW reuse. In marginalized communities, affordability of constructed
wetland and physical treatment technologies can derive out the
maximum cost-benefit ratio. However, construction cost for wetland
can be of concern in some areas owing to its high area requirement. In
case of commercial interests, distance and infrastructure development
for reuse could be significant financial criteria.
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From the above analysis, it can be seen that not only different
technologies with varying components provide treatment of different
level but also that simple technologies like physical treatment and
constructed wetlands are more suitable for treating light GW whereas
complex treatment systems like biological and chemical treatment
technologies can be comfortably used for treating both light and dark
GW. Combined treatment technologies can be tailor-made to suit the
requirement and resource availability of user.

A treated effluent user can select from the mentioned technologies as
per their specific requirements and considering the various constraints.

DISCUSSION

Different GW treatment technologies produce results satisfying
varying requirements on different scales. The considerations for
feasibility could be monetary, space availability, technical expertise
required etc. User can make a choice to maximize the utility while
optimizing the resources available.

Any use of treated GW has to consider socio-economic acceptance in
addition to the environmental and technical aspects as reuse of GW
may not be very acceptable in certain socio-cultural contexts where
GW is considered dirty. Reuse of raw GW for unrestricted irrigation
practices should be discouraged as it may provide nutrients for plant
but in repeated application may enhance soil salinity in addition to
clogging of soil pores and irrigation network. Further, investigations
to study the effect of GW irrigation on soil salinity and ground water
table is required.

In developed countries or metros of fast developing economies like
India, the GW generation may be as huge as 70-75% of total water
supplied. Thus, it may be beneficial to develop guidelines for using
treated GW in urban India. There are guidelines for reuse of GW in
various parts of world like Hongkong (Technical specification,
2015), USA (Yu et al. 2013), Singapore (Public Utility Board,
Singapore), Israel and Spain (Jeong et al., 2016)

Some countries like USA (Yu et al. 2013), Australia, Korea, Japan
and Cyprus even have incentive programs to promote and popularize
reuse of treated GW (Lucy et al. 2010). So there is an acute need to
develop policy to popularize reuse of treated GW among users. It is
also important to have a paradigm shift in attitude of water managers
and consumers for social acceptability of GW as a source of water.
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Annexure |

Table 1 Treatment technologies for reuse of treated GW

Physical Treatment

Slow sand filter of effective fine sand size of 0.3 mm and depth of 400 mm COD : 71.85%
BOD: 89%
Filtration Slate waste filter COD: 60%
BOD: 51%
Volcanic turf media COD: 65%
BOD: 73%
Biological Treatment
Rotating Biological Contractors Single stage, tank volume 54 1, hrt 1.5 h, disc was submerged by 40%, disc of BOD: 52.42%
textured plastic having surface area of 9.7785 m? COD: 60.36%
Membrane Bioreactors UF membrane of 0.1 micronmeter, and 400 cm2 area, average hrt 13 hrs COD: 86.24%
BOD: 93.22%
Sequential Batch Reactor Reactor dia. 19 cm, total volume 11 I, mechanical agitation 30 rpm, air flow 51/min, |COD: 88.24%
hrt 0.6 day BOD: 92.78%
Constructed Wetland
RVFCW, 8 cm organic soil, Hydrocotyleleucocephala and cyperus papyrus BOD: 99.22
COD: 82.16
Constructed Wetland RVFCW, bed depth 0.5 m and recycling rate 390L/h BOD: 99.85%
COD: 81.29%
Phragmitesaustralissp, 5 days hrt, wetland dimension 1.1mx 1.0mx 0.4 mP BOD : 70.3%
COD: 65.9%
Chemical Treatment
Coagulation flocculation using alum BOD : 88.28 %
COD: 63.72 %
Chemical Treatment Coagulation flocculation using ferric chloride BOD : 85.37 %
COD: 63.59 %
Magnetic ion exchange resin COD: 65.61%
BOD: 76.44%
Combined Treatment
Coagulation + sand filter + GAC BOD: 92.85%
COD: 94.87%
Combined Treat. Filtration followed by Adsorption BOD: 85.68%
COD: 57.09
UASB as primary treatment unit and Horizontal sub surface flow of a constructed COD: 87.7%
wetland as a polishing unit BOD : 89.5%

Source: (Saeed et al. 2014;Mariah et al. 2016; Albalawneh et al. 2017; Pathan et al. 2011; Merz et al. 2007; Lamine et al. 2007; Travis et al.
2010; Gross et al. 2007; Abdel-Shafy et al. 2009; Pidou et al. 2008; Jefferson et al. 2000; Nnaji et al. 2016; Abdel et al. 2009)
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