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The concept of a circular economy has steadily been
gaining traction in recent years, especially in the water
sector, the idea of which is to reduce the amount of
waste produced by creating valuable products out of
traditional waste streams. Water resource recovery
facilities (WRRFs) can directly contribute to a circular
economy by producing clean water, nutrients, renewable
energy, and other valuable bio-based materials from
wastewater. The WEF ReNEW Water Project seeks to
create a bold, aspirational, and public call to action to
accelerate resource recovery at WRRFs in order to fuel
and grow a circular economy.

ReNEW has two components:

e Call to Action — Encourage utilities to pursue
resource recovery as a way to improve operations,
manage risk, and enhance sustainability. WEF seeks
to catalyze the recovery of high-value products from
wastewater by helping utilities develop business
cases for resource recovery and alignment and
integration of other related industry efforts including:

e Utility of the Future Today Awards

e US Department of Energy Water Security Grand
Challenge to double resource recovery from
wastewater by 2030

e UN Sustainable Development Goals

® Progress and Impact Reports — will be developed
on a periodic basis to determine progress towards
the US DOE goal, as well as to report on the impact
of those utilities creating value from former waste
streams. The first Report was the resource recovery
baseline released at WEFTEC 2018.

1.1 Resource Recovery Contributions
to a Circular Economy

For nearly a decade, WEF has been promoting resource
recovery. WEF's 2011 Renewable Energy Position
Statement posits:

“Wastewater treatment plants are not waste disposal
facilities but are Water Resource Recovery Facilities
that produce clean water, recover nutrients (such as
phosphorus and nitrogen), and have the potential to
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reduce the world’s dependence on fossil fuels through
the production and use of renewable energy.”

WRREFs can recover many resources to create valuable
bio-based products. The examples listed below represent
just a few of the many products that can be recovered
from wastewater. WEF encourages the development

of other innovative ways to recover different bio-based
materials from wastewater.

Water

Fresh water is a valuable resource necessary for all living
things, and its use must be carefully managed. WRRFs
can produce water of different qualities fit for a variety of
purposes:

® Indirect Potable Reuse

® Direct Potable Reuse

¢ Land Subsidence

e Groundwater Replenishment

® Irrigation

® Habitat for Aquatic Life

* Wetland Restoration

e Other nonpotable uses, such as for cooling towers

and boiler feed water

Phosphorus

Phosphorus is a non-renewable resource in limited
supply that is necessary for life. WRRFs can recover
phosphorus, producing a number of valuable products in
a more sustainable way compared to phosphate mining.
Phosphorus recovery options include:

e Struvite Recovery (and other phosphate minerals) to
produce fertilizer while reducing struvite formation in

pipes
¢ Land Application of Biosolids

® Recycled Water used for Irrigation

e Urine Separation — collects nutrient-rich urine
separately to be treated and used as fertilizer

® Recovery from Incinerator Ash — phosphorus can be
extracted from incinerator ash and used as fertilizer



Carbon

Some WRRFs use carbon from wastewater to generate
the energy needed for operation, and there is a growing
trend to view WRREFs as biorefineries. Whether for
energy or nutrient removal, carbon can be utilized in a
variety of valuable ways:

® Biogas production

e Other biofuels, such as compressed natural gas
(CNG) and biocrude oil

e Carbon source for nutrient removal and recovery

Nitrogen

Unlike phosphorus, nitrogen is an element in abundant
supply. However, high nitrogen concentrations in effluent
can be harmful to receiving water bodies and aquatic
life. Some options for recovering and reusing nitrogen
include:

e Land Application of Biosolids
® Recycled Water used for Irrigation
* Ammonia Recovery

e Urine Separation — collects nutrient-rich urine
separately to be treated and used as fertilizer

Other High Value Product Potential

There is potential to recover a variety of other resources
that are not listed above. As our understanding matures,
we are hopeful to see additional products produced from
wastewater treatment, including:

e Metals

e Algae - can be used to treat wastewater and
then harvested to produce animal feed, biofuels,
nutraceuticals, proteins, and other bio-based
materials

e Structural materials can be obtained from carbonates
and phosphorus compounds

e Proteins and other chemicals can be recovered

e Solids can be stored for future mining

1.2 Alignment with Relevant Global
Programs

There are a number of other programs currently in the
water sector that align nicely with the mission of the
WEF ReNEW Water Project. The goal is not to duplicate

efforts, but instead to jointly support the overarching
effort to promote resource recovery and the concept of a
circular economy.

Utility of the Future Today Recognition Program
Utility of the Future Today is a recognition program
launched by the WEF, the National Association of
Clean Water Agencies (NACWA), The Water Research
Foundation (WRF), and the WateReuse Association
(WRA) to celebrate the achievements of forward-
thinking, innovative water utilities that are providing
resilient value-added service to communities, particularly
in community engagement, watershed stewardship,
and recovery of resources such as water, energy, and
nutrients.

U.S. Department of Energy’s Water Security
Grand Challenge

The Water Security Grand Challenge is a White House
initiated, U.S. Department of Energy led framework to
advance transformational technology and innovation to
meet the global need for safe, secure, and affordable
water. Using a coordinated suite of prizes, competitions,
early-stage research and development, and other
programs, the Grand Challenge has set the following
goals for the United States to reach by 20830, including
doubling resource recovery from municipal wastewater
by 2030.

United Nation’s Sustainable Development Goals
The 2030 Agenda for Sustainable Development, adopted
by all United Nations Member States in 2015, provides a
shared blueprint for peace and prosperity for people and
the planet, now and into the future. At its heart are the
17 Sustainable Development Goals (SDGs), which are
an urgent call for action by all countries - developed and
developing - in a global partnership. They recognize that
ending poverty and other deprivations must go hand-in-
hand with strategies that improve health and education,
reduce inequality, and spur economic growth — all while
tackling climate change and working to preserve our
oceans and forests.

RENEW CIRCULAR ECONOMY OVERVIEW 3



The 17 SDGs cover a variety of topics, a number of which relate to the water sector:

SUSTAINABLE DEVELOPMENT GOAL 6

Ensure availability and sustainable management of water and sanitation for all

e Goal 6 — Ensure availability and sustainable management of water and sanitation for all

¢ Target 6.3 — By 2030, Improve water quality e Target 6.5 — By 2030, implement integrated water
by reducing pollution, eliminating dumping and resources management at all levels, including
minimizing release of hazardous chemicals and through transboundary cooperation as appropriate

materials, halving the proportion of untreated
wastewater and substantially increasing recycling
and safe reuse globally

e Target 6.6 — By 2020, protect and restore water-
related ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes

® Target 6.4 — By 2030, substantially increase
water-use efficiency across all sectors and ensure
sustainable withdrawals and supply of freshwater
to address water scarcity and substantially reduce
the number of people suffering from water scarcity

SUSTAINABLE DEVELOPMENT GOAL 7

Ensure access to affordable, reliable, sustainable and modern energy for all

e Goal 7 — Ensure access to affordable, reliable, sustainable and modern energy for all

e Target 7.2 — By 2030, increase substantially the e Target 7.a — By 2030, enhance international
share of renewable energy in the global energy cooperation to facilitate access to clean energy
mix research and technology, including renewable

energy, energy efficiency and advanced and
cleaner fossil-fuel technology, and promote
investment in energy infrastructure and clean
energy technology

e Target 7.3 — By 2030, double the global rate of
improvement in energy efficiency

SUSTAINABLE DEVELOPMENT GOAL 12

Ensure sustainable consumption and production patterns

e Goal 12 — Ensure sustainable consumption and production patterns

e Target 12.4 — By 2020, achieve the e Target 12.5 — By 2030, substantially reduce
environmentally sound management of chemicals waste generation through prevention, reduction,
and all wastes throughout their life cycle, in recycling and reuse

accordance with agreed international frameworks,
and significantly reduce their release to air, water
and soil in order to minimize their adverse impacts
on human health and the environment
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SUSTAINABLE DEVELOPMENT GOAL 14

Conserve and sustainably use the oceans, seas and marine resources for

sustainable development

¢ Goal 14 — Conserve and sustainably use the oceans, seas and marine resources for sustainable development

e Target 14.1 — By 2025, prevent and significantly
reduce marine pollution of all kinds, in particular
from land-based activities, including marine debris
and nutrient pollution

1.3 Progress Reports

WEF will produce progress reports for the ReNEW
Water Project on a bi-annual basis to track the progress
towards increasing resource recovery to support a
circular economy. The first progress report was released
at WEFTEC 2018 (Baseline Data to Establish The
Current Amount Of Resource Recovery from WRRFs,
WEF Technical Report WSEC-2018-TR-003) with the
baseline recovery rates for water, energy, nitrogen,

E

phosphorus, and biosolids. The rates from the 2018
baseline shown below are calculated using a mass-
balance approach.

In addition to the updated recovery rates, the bi-annual
progress report will include case studies documenting
how WRRFs are producing a variety of high value
products from wastewater.

31
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2.2 billion 350 172,400 68,220 3.4 millicfn
gallons/year megawatis/ dry metric dry metric dry metric
year tons/year tons/year tons/year

RENEW CIRCULAR ECONOMY OVERVIEW



2 Nutrient Recovery: Part of the Solution

Nutrients — commonly nitrogen and phosphorus —

are found in agricultural and home fertilizers and also
are generated by livestock, industrial, and municipal
systems Specific sources include confined animal
feeding operations, row crop farming, industrial pre-
treatment facilities, septic systems, municipal and
industrial stormwater, and WRRFs According to the U
S Environmental Protection Agency (EPA), more than
100,000 miles of rivers and streams, close to 2 5 million
acres of lakes and ponds, and more than 800 square
miles of bays and estuaries are affected by nitrogen and
phosphorus pollution

In excess, nutrients can be harmful water pollutants
excess nutrients can lead to algal blooms, which cost
the tourism industry some $1 billion annually, according
to the EPA algae also can result in hypoxic zones and
can turn to harmful algal blooms (HAB), which produce

toxins HABs received national attention in summer 2014
after a cyanobacteria bloom in Lake Erie caused Toledo,
Ohio, to issue notices to nearly half a million people not
to drink, cook, or bathe with city water.

However, WRRFs also are part of the solution With
advanced biological and chemical methods, facilities
already can achieve significant nutrient reductions This
roadmap lays out a strategy for facilities to achieve zero
net impacts from nutrient discharges by 2040 WRRFs
also can reclaim nutrients Biosolids are one such supply
of nitrogen and phosphorus Fertilizers can be energy-
intensive to manufacture, and the supply of some
nutrients, such as phosphorus, is limited Recovery not
only prevents nutrients from entering waterbodies as
point source discharges but provides a supply of these
essential resources.

This image, taken in 2011, shows one of Lake Erie's worst algae blooms in decades. Image by NASA.

2.1 Nutrient Treatment Technologies

A number of treatment technologies are available for both
mainstream and sidestream treatment for nitrogen and
phosphorus The details of these can be found in WEF
manuals of practice 8, 11, and 34 or Design of Municipal

6 RENEW CIRCULAR ECONOMY OVERVIEW

Wastewater Treatment Plants, Operation of Municipal
Wastewater Treatment Plants, and Nutrient Removal,
respectively Below is a chart of some of the most

common nutrient removal and recovery technologies:
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2.2 Introduction to Nutrient Removal

WRRFs can achieve very low nutrient discharges
through a variety of processes, primarily biological
nutrient removal (BNR), physical separation,

and chemical methods However, economic and
environmental trade-offs exist, such as greenhouse
gas production in the form of nitrous oxide (N20) and
increased energy demands due to aeration in BNR
Nutrient removal techniques also can affect biogas
production and dewatering.

Most technologies capable of removing both nitrogen
and phosphorus utilize BNR, which relies on bacteria

to transform nutrients present in wastewater Select
species of bacteria can accumulate phosphorus, others
can transform nitrogen, and a few can do both Achieving
significant reductions in both nitrogen and phosphorus
requires careful design, analysis, and process control to
optimize the environment of nutrient- removing organisms
The uptake of nutrients and growth of microorganisms

1AK1T,

o O O

could be inhibited by a limiting nutrient, available carbon,
or other factors, including oxygen levels The selection

of a BNR process should be based on influent flow and
loadings, such as biological oxygen demand, nutrient
concentrations, and other constituents as well as target
effluent requirements

Some nutrient removal systems rely on two separate
processes for nitrogen and phosphorus In some cases
BNR is used to remove the majority of nitrogen and
phosphorus, and then chemical methods are used to
further reduce phosphorus concentrations Mainstream
nutrient treatment takes place within the typical process
flow However, sidestream treatment refers to liquid
resulting from biosolids processing that is intercepted
with the additional goal of removing nutrients from a
concentrated stream Like mainstream nutrient treatment
processes, sidestream treatment also can vary from
biological to physical and chemical removal methods

RENEW CIRCULAR ECONOMY OVERVIEW
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2.2.1 Nitrogen Removal

Nitrogen can be removed from wastewater through
physiochemical methods, such as air-stripping at

high pH, but it is more cost efficient to use BNR
conventionally, this method utilizes the natural nitrogen
cycle, which relies on ammonia oxidizing bacteria (AOB)
to transform ammonia into nitrites (NO2-) after which
nitrite oxidizing bacteria (NOB) form nitrates (NO3 -) —
a process called nitrification Other species of bacteria
can transform these compounds into nitrogen gas (N2)
— a process called denitrification

Biological nitrogen removal requires anaerobic, anoxic,
and aerobic conditions in the proper sequence as

both nitrification reactions require aerobic conditions
while denitrification requires anaerobic conditions
Though optimal conditions differ for nitrification and
denitrification, both can be carried out simultaneously in
the same unit if anaerobic zones exist Most processes
combine nitrification and denitrification, either in one
basin or as two separate stages, and can be broken
down into two categories based on whether bacteria are
suspended within the waste stream or fixed to a film or
filter. As denitrification occurs, nitrogen gas is produced
and released safely into the atmosphere, where nitrogen
gas is more abundant than oxygen.

When performing biological nitrogen removal, it is
important that the activated sludge has enough available
carbon, which bacteria use to build new cells The
nitrogen removal rate also depends on the amount of
time sludge spends in the reactor (solids retention time),
the reactor temperature, dissolved oxygen, pH, and
inhibitory compounds.

2.2.2 Phosphorus Removal

Unlike nitrogen, phosphorus cannot be removed from
wastewater as a gas Instead, it must be removed in
particulate form through chemical, biological, hybrid
chemical-biological processes, or nano processes

Nano methods involve membranes and include reverse
osmosis, nanofiltration and electrodialysis reversal
Chemical methods (chem-P) typically involve metal ions,
such as alum or ferric chloride These compounds bind
with the phosphorus and cause it to precipitate It can
then be removed by sedimentation and filtration Chemical
methods are influenced by a number of factors including
the phosphorus species, choice of chemical, chemical to
phosphorus ratio, the location and number of feed points,
mixing, and pH.

Biological phosphorus removal (bio-P) is a two- step
process First, phosphorus is converted to a soluble
form, and secondly, it is assimilated by phosphorus

8 RENEW CIRCULAR ECONOMY OVERVIEW

accumulating organisms (PAOs) Many biological
nitrogen removal processes can be modified to remove
phosphorus as well Similar to biological nitrogen
removal, bio-P also requires the proper sequence of
anaerobic, anoxic, and aerobic conditions Additionally,
as with biological nitrogen removal, oxygen levels, solids
retention time, and temperature play an important role

in bio-P The ability of PAOs to uptake phosphorus is
highly dependent on the availability of volatile fatty acids,
which serve as a carbon source for the bacteria. Further,
nitrates in return streams can negatively affect bio-P

— an important factor to consider in combined nutrient
removal systems.

This figure shows in more detail how the dewatering
process is negatively affected by bio-P. During anaerobic
digestion, flow from the bio-P process can decrease the
efficiency of dewatering and require additional polymer
as a coagulant, particularly when there are fewer metal
ions, such as iron (Fe) and aluminum (AL), present.
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In upgrading facilities for better nutrient management,
WRRFs must make decisions about the amount of
carbon used for nutrient recovery and removal and
carbon used for energy generation The following graphic
gives a high-level overview of the interrelationships to
consider when planning for nutrient management. The
WRRF exemplified here must remove nutrients but

also wants to generate energy “Energy Generation”

and “Nutrient Removal” are destinations or goals in the

Interrelationships

Routes

CARBON FROM

Sources &
Sinks

roadmap allegory There are various “routes” WRRFs
can take to reach these two outcomes using various
carbon sources Carbon can come from wastewater and
other supplemental sources to achieve nutrient removal
and energy generation goals The WRRF also should
consider new products — energy and fertilizer — that
are generated as a result of nutrient removal and energy
generation.

Routes

Destinations

WASTEWATER

SUPPLEMENTAL
CARBON

ENERGY
GENERATION

NEXT LEFT

¥

*CEPT = chemically enhanced
primary treatment

HRAS - high-rate activated
sludge

A-stage — the highly loaded
first stage of multi-stage
activated sludge treatment

ENVIRONMENTAL
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O

NUTRIENT

REMOVAL
NEXT RIGHT

$

ENVIRONMENTAL
PHOSPHORUS
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2.4 Greenlighting Nutrient Recovery

Phosphorus is a finite resource, with some estimating
that demand will outpace supply within the next century
For this and other reasons, interest in recovering
nutrients from wastewater has increased over the last
decade The “utility of the future” is shifting toward
recovering nutrients and other marketable resources,
including energy, electricity, and vehicle fuels However,
the maturity of nutrient recovery technologies varies and
each has its advantages and disadvantages

EPA estimates that the approximately 16,000 WRRFs

in the U S generate about 7 million tons of biosolids
About 60% of these biosolids are beneficially applied to
agricultural land, with only 1% of crops actually fertilized
with biosolids However, generating solid fertilizer

from biosolids is the most common method of nutrient
recovery from wastewater treatment

Currently some WRRFs are having success with struvite
recovery, which allows for the precipitation and recovery
of both nitrogen and phosphorus Other methods

of phosphate precipitation also are becoming more
common Sidestream treatment of sludge and sludge
liquor, where the nutrients are more concentrated, is
generally the preferable target for nutrient recovery.

3 Major Themes in Water

2.5 Key Nutrient Treatment Terms

Nitrification-Denitrification: A biological nitrogen
removal process where ammonia is oxidized to

nitrate through biological nitrification The process of
denitrification follows where nitrate is reduced to nitrogen
gas

Nitritation-Denitritation: Another biological nitrogen
removal process Here ammonia is oxidized to nitrite and
then biologically reduced to nitrogen gas The term nitrite
shunt is often used to describe this process

Partial Nitritation-Anammox: Often referred to as
“deammonification,” it is a two-step process that includes
partial nitration Aerobic ammonia oxidation to nitrite
occurs in the first phase then nitrogen gas is produced
by anaerobic ammonia oxidation Anammox refers to
anaerobic ammonia oxidation, a biological process
carried out by specialized bacteria in which ammonia

is oxidized using nitrite as an electron acceptor under
anaerobic conditions

Struvite Precipitation and Recovery: By this
method, both phosphorus and ammonium can be
simultaneously recovered and used as a fertilizer

Water reuse is an element of a diverse and
resilient water management strategy.

Water reuse is a multifaceted issue and two important
terms are used to describe how recycled water is an
integral part of the water cycle. Recycled Water generally
refers to treated domestic wastewater that is used

more than once before it passes back into the water
cycle The terms reused, reclaimed, and recycled are
often used interchangeably depending on where you

are geographically. Two primary themes are present

in successful water reuse efforts: Fit for Purpose and
Legitimacy.

3.1 Fit for Purpose

Fit for purpose means matching water of a specific
quality to a use appropriate for that quality For example,
a water with quality suitable for irrigation might not be
suitable for industrial use as boiler feedwater Because
water can be treated to varying qualities depending on
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the need, water resource recovery facilities (WRRFs)
should be aware of the end use of the product water
they treat This focus on treating to the appropriate use
(fit for purpose) ensures both sufficient treatment for
public health, environmental, or product needs while
also minimizing the cost of overtreating water to a quality
level much different than is actually required by the end
use The following three examples show how water reuse
can be used for environmental quality and irrigation,
industrial, and even for drinking

3.1.1 Habitat Restoration and Public
Recreation at Tres Rios Wetlands

In 1990, the Arizona Department of Environmental
Quality released new water quality standards for
wastewater discharges into Arizona waterways The
solution that was selected by the City of Phoenix was the
construction of the Tres Rios wetland project, meeting
water quality requirements while providing habitat for
threatened and endangered species, as well as public



recreation space After passing through the wetlands, the
water is then used for crop irrigation Phoenix reuses 100
percent of their effluent, as the water that does not go to
the wetland is provided as cooling water for the nearby
power plant.

3.1.2 West Basin’s Designer Water

In the early 1990s, the West Basin Municipal Water
District in Los Angeles, California, added recycled water
to its portfolio to serve a population of a million people To
meet the unique needs of their commercial and industrial
customers, the utility produces “designer water,” or
amended tertiary water for industrial and irrigation use
The types of designer water the district produces include
the following:

® Irrigation Water: Filtered and disinfected for industrial
and irrigation use

e Cooling Tower Water: Tertiary treated water with
ammonia removal

e Seawater Barrier and Groundwater Replenishment
Water: Secondary water, with either lime clarification
or microfiltration and reverse osmosis (RO)

e Low-Pressure Boiler Feed Water: microfiltration and
reverse osmosis membranes for pure RO water

e High-Pressure Boiler Feed Water:

e Ultra-pure RO water treated by microfiltration
membranes and passed through RO membranes
twice

The designer water strategy enables the use of recycled
water far beyond the potential of common irrigation
applications for street medians, parks, and golf courses
West Basin also helps ensure the economic production
in the area by supplying a critical resource to several
local refineries and a power generation company

3.1.3 Clean Water Services’ Pure Water
Brew Challenge

In order to demonstrate that water should be judged by
its quality, not its history, Clean Water Services (Portland,
OR) began partnering with Oregon brewers in 2014 with
the goal of raising awareness and starting conversations
about the reusable nature of all water The Pure Water
Brew Challenge advances the understanding of how
high-purity water can be used for product manufacturing
by highlighting one particular product: beer The utility
produced a batch of high-purity water that far exceeds
safe drinking water standards and provided it to local
brewers to make beer. These beers have been featured
at WEFTEC® since 2014 and can be found at the

RENEW CIRCULAR ECONOMY OVERVIEW 11



Pure Water Brewing Alliance Beer Garden next to

the Innovation Pavilion at WEFTEC. In fact, the Pure
Water Brewing Alliance members have brewed beers
in Arizona, Wisconsin, Idaho, Kentucky, Tennessee,
Singapore, California, Colorado, and the list keeps
growing. The Pure Water Brew Challenge is engaging

3.2 Legitimacy

Three Levels of Legitimacy

industry professionals, public leaders, and people
everywhere in this conversation about water The hope
is that conversations inspired by Pure Water Brew will
broaden understanding about the potential of reused
water as a source of clean water.

Pragmatic - Moral - s,
the user’s self-interest social values and welfare EETIeND N .en-
for-granted routines

Innovative potable reuse projects have often been met
with public opposition, despite having proven technology
and water quality meeting or exceeding drinking water
standards. Technical professionals such as engineers
and scientists often mistakenly is assume that the

public will accept new technologies when provided with
information through marketing and public education
activities. A study at Orange County (CA) Water District
(OCWD) and Orange County Sanitation District (OCSD)
about the success of their indirect potable reuse program
showed that the success of their program was due to the
legitimacy of their effort. In order to have a successful
project, the concerns of the user must be addressed by
answering questions at three levels of legitimacy:

e Pragmatic — How do | benefit? How am | involved in
decision-making?

e Moral — How are safety and quality guaranteed?
How has the organization performed in the past?

e Coghnitive — How essential is the technology, given
any alternatives? How does the technology fit with my
daily life”?

12 RENEW CIRCULAR ECONOMY OVERVIEW

The OCWD/OCSD exampled showed the benefits
of having utility managers become recognized as
trustworthy and competent experts through their
dedication to the outreach efforts and have been well
documented in the following papers:

e Binz, C, S Harris-Lovett, M Kiparsky, D L Sedlak,
and B Truffer (2016) “The thorny road to technology
legitimation— Institutional work for potable water
reuse in California " Technological Forecasting and
Social Change 103: 249-263

e Jordi, A (2015) “Legitimacy — the key to successful
implementation " Eawag Aquatic Research News,
October 2015 www.eawagch/fileadmin/Domain1/
News/User_Acceptance_englisch pdf

e Harris-Lovett, SR, C Binz, D L Sedlak, M Kiparsky,
and B Truffer (2015) “Beyond user acceptance:
a legitimacy framework for potable water reuse in
California " Environmental Science & Technology
49(13): 7552-7561



Energy is critical in resource recovery from wastewater
because, wastewater contains nearly five times the
amount of energy needed for the wastewater treatment
process—the majority in the untapped area of thermal
energy. The wastewater sector has the potential

to generate enough energy and eliminate its net-
consumption, generating excess energy for other uses at
a competitive price.

The balance between energy efficiency and resource
recovery involves tradeoffs and can best be achieved
through holistic process planning. The more resources
that are recovered, the less energy is available for
generation or the more energy that is consumed. These
tradeoffs must be understood and managed to achieve
your utility’s particular sustainability goals. A generalized
view of energy flows at a WRRF is shown below:

Solar, Wind, Geothermal

chemical: 20%

Utility

hydraulic: <1%

thermal: 80%

RENEW CIRCULAR ECONOMY OVERVIEW
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5 The ReNEW Resource Recovery Roadmap

Knowing that resource recovery is a good thing and
possible is one thing, but taking actionable steps on the
journey can seem overwhelming given the opportunities
and complexities. Through extensive research with

the expertise within the WEF membership, WEF has
developed high level sets of best practices to help
utilities begin the journey to resource recovery. These
roadmaps started with the Energy Roadmap in 2013,
followed by the Nutrients roadmap in 2015 and Water
Reuse in 2017. While the 3 roadmaps continue to stand
on their own, the ReNEW Resource Recovery Roadmap
integrates all three domains into one set of best practices
by simplifying the common elements shared by the three
domains.

The goal of the ReNEW Roadmap is to present a
high-level approach to help guide utilities and industry
decision-makers in issues to address when considering
resource recovery, be it focused on energy, nutrients, or
water reuse. Like the individual roadmaps, the ReNEW
roadmap is brief and high level to be accessible to all
types of stakeholders, including public officials, utility
managers, operators, engineers, and regulators. The
roadmap will not “reinvent the wheel,” with all of the great
technical resources available. Rather, the focus will be to
help decision-makers to quickly understand the strategic
issues inherent in a resource recovery effort. A total

of 19 practice areas are grouped into 7 themes. Each
practice area describes a set of general best practices
to guide utilities on their paths to supporting the circular
economy through resource recovery.

14 RENEW CIRCULAR ECONOMY OVERVIEW

Culture of Innovation

® Innovating for the Future

* Implementing Technologies
Resource Recovery

e \Water Reuse

* Nutrients

¢ Energy Management

e Energy Generation

Monitoring and Controlling

® Monitoring

® Modeling and Analysis

e Source Control

Marketing and Communication

¢ Product Development

® Message Development

e Communication and Outreach
Strategic Management

e Circular Economy Vision

® Human Resources

¢ Financial Sustainability

One Water Management Framework
¢ Regulatory Environment

¢ Integrated Water Resources Management
Risk and Resiliency

¢ Risk Management and Communication

® Resiliency
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Water Environment
Federation

the water quality people®

For more information, please visit:

https://wef.org/renew-project






