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In this series of Back
to Fundamentals

on water and
wastewater, the
article discusses

Sustainable 
Developments 
in Wastewater 

Treatment
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This is another in a series of  educational articles on water/wastewater! This 
document is intended to discuss Sustainable Developments in Wastewater 
Treatment and Reuse Methods. This generic presentation utilizes my extended 

number of  years of  experience working with Sustainable Developments in Wastewater 
Treatment and Reuse Methods:

Presentation Details:

Overview

Uses and Applications

Conclusion

Overview

Sustainable Developments in Wastewater Treatment and Reuse Methods are necessary 
because population growth coupled with a rising global standard of  living, a combination 
that has resulted in resource consumption (including water use) that exceeds the current 
resources on the planet.

There are water stresses in that water is inherently renewable. Mother Nature has been 
recycling water since the origin of  life on the planet. When the rate of  net abstraction and 
use of  water prior to its being returned to the environment exceeds the natural rate of  
recycling, water stress develops. 

Water management practices can add to water stress by reducing the amount of  water 
available, for example by returning water to the environment in a polluted state or by 

such as those provided by wetlands.

Water stress is expected to affect 45 percent of  the population by 2025.

Water sustainability is imperative which can involve new approaches to urban water and 
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 1) access to clean water for everyone and appropriate sanitation; 

 2) greater use of  local water resources;

 3) energy neutrality;

 4) more responsible nutrient management; and 

Realistic water sustainability goals can be established and met by 
evolving from the current linear approach to water and resource 
management to closed-loop systems, with a combination of  
decentralized and centralized elements, for recycling both water 
and waste material.

Uses and Applications

Sustainable Developments in Wastewater Treatment and Reuse 
Methods are available for: 

   1)
conserve local water resources; 

   2) improved water conservation for reducing water consumption 
without compromising standards of  living; 

   3) the reclamation and reuse of  wastewater; 

   4) the management and extraction of  energy from the 
wastewater stream; 

   5) the recovery of  nutrients; and 

   6) 
technologies are available to facilitate the implementation of  
systems.

The goal is to conserve local water resources for meeting a variety 
of  local needs.

Technologies are available for managing storm water, which 
can be captured and either used directly or treated by natural 

These technologies include permeable pavements, green roofs, 
and rain gardens. As the characterization and understanding of  
these systems has improves, storm water capture and treatment 
becomes much more reliable and predictable.

Water and wastewater treatment technologies are crucial 
components of  urban water systems. Membrane technologies 

being used. When particle removal membranes are coupled with 
biological systems, they can create membrane bioreactor (MBR)
processes, which are an essential water reclamation process. 

Advanced oxidation processes include combinations of  ozone, 
ultraviolet (UV) light, and hydrogen peroxide to create the highly 
reactive hydroxyl radical (OH). 

In addition, activated carbon is available for water reclamation.

The remaining tools in the technology tool box do not necessarily 
reduce the overall abstraction of  water but do contribute 

neutrality and reduced nutrient dispersion. 

An example is laundry and bath water (typically referred to as gray 
water), which contain very few pollutants, constitute the largest 
component of  urban wastewater. 

Because of  its low-pollutant content, gray water requires only 
a modest degree of  treatment to become reusable non-potable 
water. Thus recycling this large volume of  wastewater requires 
less energy, and thus consumes fewer resources, than recycling 
combined potable and non-potable wastewater.

In addition, heat can be transferred to or from the treated gray 
water stream using specially designed heat exchangers and heat 

 Organic 
matter in the several components of  the wastewater stream 
represents a principal source of  energy, in addition to the heat 
value of  the water itself.

oxygen demand, or BOD5) is contained in toilet and kitchen 
waste (typically referred to as black water).  The wastewater 

production. 

Energy producing technologies for organic matter in black 
water include thermal combustion and anaerobic treatment for 
producing biogas, which can be used in combined heat and 
power systems. The microbial fuel cell is an energy production 
technology.
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The majority of  nutrients are found in the urine stream (typically 
referred to as yellow water). 

When energy management and nutrient recovery are combined 

and extracted from the wastewater stream, along with nutrient 
recovery. 

A variety of  technologies are available for nutrient recovery. 
For example, bio-solids containing nitrogen and phosphorus, 
produced from treatment and nutrient-recovery processes, can 
be applied directly to agricultural lands as fertilizer. A second 
approach is to apply phosphate fertilizers, containing either 
struvite (MgNH4PO4) or calcium phosphate, produced from the 
chemical precipitation of  phosphorus.

Other Technologies include Membrane Filtration Systems, 
Nanotechnology, Microbial Fuel Cells, Natural Treatment 
Systems and Monitoring and Control Systems.

Membrane Filtration Systems:

development of  both advanced water treatment technology and 
MBRs, which is becoming the workhorse of  the water reclamation 
industry.

With MBRs, biological solids residence times (SRT’s) are 
increased, making possible more complete biological treatment 
and the retention of  pathogens (including viruses); treatment with 

disinfected. Thus treatment with MBR is ideal for producing non-
potable water. For the reclamation of  potable water, MBR must 
be followed by RO and UV treatment.

Nanotechnology:

Further dramatic improvements are feasible in the near future. 
Nanotechnology concepts are being investigated for higher 
performing membranes with fewer fouling characteristics, 
improved hydraulic conductivity, and more selective rejection/ 
transport characteristics. 

Advances in RO technology include improved membranes and 

systems, and the development of  process technology, such as 
membrane distillation.

Microbial Fuel Cells:

With microbial fuel cells electrical energy can be extracted directly 
from organic matter present in the waste stream byusing electron 
transfer to capture the energy produced by microorganisms for 
metabolic processes. 

the electron donor is separated from the electron acceptor by 
a proton exchange membrane, which establishes an electrical 
current. Electrical energy is then generated through the oxidation 
of  organic matter (BOD5).

Although this breakthrough technology is in developing phase 

will be necessary, it has the potential to produce electrical energy 
directly from organic matter in the waste stream.

Natural Treatment Systems:

Our fundamental understanding and characterization of  
processes in natural treatment systems (NTS’s) is also improving, 
enabling us to take advantage of  natural processes to improve 
water quality. In NTS’s, a variety of  physical, chemical, and 
biological processes function simultaneously to remove a broad 
range of  contaminants. For example, NTS’s are increasingly being 
used to capture, retain, and treat storm water, thereby converting 

These natural systems have the advantage of  being able to remove 
a wide variety of  contaminants, including nutrients, pathogens, 
and micro-constituents (e.g., pharmaceuticals and endocrine-
disrupting chemicals). 
of  potable water, NTS’s are increasingly being used for water 
reclamation.

Urine-Separating Toilets:

The development of  urine separating toilets and technologies 
for treating urine to produce hygienic fertilizer products is a key 
to managing nutrients with minimal requirements for outside 
resources, such as additional energy.    

Urine-separating toilets have already been developed and continue 

is ongoing. 
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Struvite precipitation and other processes are already available 
for producing usable fertilizer products from separated urine, and 
efforts are ongoing to improve the established approaches.

Monitoring and Control Systems:

Complex systems will require sophisticated monitoring and 
control systems. 

The production and consumption of  reclaimed water must be 
balanced so as not to exceed available storage capacity and to 
take into account variations in supply from rainwater. Water 
production must also be managed to maintain the integrity of  the 

the barriers that protect public health, such as the separation of  
potable and non-potable water. 

In addition, because energy requirements vary daily and seasonally, 
energy consumption also requires active management.  

Research on a new generation of  sensor and system control 
technologies is ongoing

Conclusion

Sustainable Developments in Wastewater Treatment and Reuse 
Methods are needed recognizing modern water supply and 

in the past many years, and modern water supply and sanitation 
systems as one of  the greatest engineering achievements of  the 
past century, circumstances have changed, and new approaches 

to water and sanitation systems are urgently needed. Thus we are 
faced with many new, interesting, and important challenges.

Fortunately many technologies to meet these challenges already 

them into higher performing, more sustainable systems. These 
are all areas in which engineers excel!

options and developing institutional arrangements for 
implementing them in the most effective ways. This is where 
we will need help from other professions. There are some 
explanations of  Sustainable Developments in Wastewater 
Treatment and Reuse Methods. 

So hopefully you are ready to Begin now to Advance the use of  
Sustainable Developments in Wastewater Treatment and Reuse 
Methods. However; beforehand or in the process, feel free to 
reach out to me with your Treatment Chemicals use or any other 
Wastewater questions.
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