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Research Background:

Urban communities such as San Francisco have adopted
ordinances requiring all new commercial, mixed-use or
multi-family building projects to treat on-site wastewater or
graywater for non-potable reuse (NPR).

Research Question.:

What are the environmental and economic costs of
Implementing various mixed wastewater or graywater
treatment configurations for new mixed-use building-scale
or district scale NPR projects?



Presenter
Presentation Notes
The occurrence of increased instances of severe drought in some regions across the U.S. coupled with increased pressure on aging centralized water treatment infrastructure has created a need to find novel wastewater treatment and reuse solutions. Some urban communities such as San Francisco have adopted ordinances requiring all new commercial, mixed-use or multi-family building projects treat on-site wastewater or graywater for non-potable reuse (NPR) (SFPUC 2018). This study examines the environmental and cost effects of implementing various mixed wastewater or graywater treatment configurations for new mixed-use building-scale or district scale NPR projects. While such projects are inevitably moving forward to ensure community resiliency, the findings of this study can be used to help optimize the environmental and cost performance of on-site treatment and reuse.



Study Objectives

- Focus is comparative impacts of
various NPR configurations for
mixed wastewater and source
separated graywater treatment:

—Aerobic membrane bioreactor
(MBR)
—Anaerobic MBR

—Recirculating vertical flow
wetland

. « Assess environmental and cost
Membrane . . 5 . o
Bioreactor Impacts at a building and district
scale

Constructec
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Presentation Notes
This study assumes NPR projects are inevitably moving forward in certain water-stressed regions due to drivers aimed at increasing community-level resiliency and reliability. Therefore, we focus on comparative findings of different NPR configurations rather than comparing NPR to conventional centralized collection and treatment systems.


Agency

Life Cycle Approach

- Assess cradle-to-grave impacts for all processes,
products, and services associated with the system for the

following metrics:

— Cost [U.S. Dollars 2016]

— Global climate change potential [kg CO2 equivalent (eq.)]

— Eutrophication potential [kg N. eq]

— Cumulative energy demand [MJ (renewable and non-renewable)]
— Particulate matter formation potential [kg PM2.5 eq.]

— Smog formation potential [kg O; eq.]

— Acidification potential [kg SO, eq.]

— Water use [cubic meters water]

— Fossil depletion potential [kg oil eq.]

- Standardize to functional unit of treatment of one cubic

meter of either municipal wastewater or graywater with
the specified influent wastewater characteristics
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Presentation Notes
A sensitivity analysis also considers a functional unit of treatment of a cubic meter of wastewater produced – in this instance we are able to directly compare the mixed wastewater and graywater systems. 
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= Reuse Scenarios Analyzed

Mixed Wastewater Separated Graywater
] 25
= =
3% B 33 3
=8 | 3 z8 5
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o) (@) OO @]
> 0 20
35 35
0.025 MGD v v
Total Flow Rate 0.05 MGD v v
0.016 MGD v
Flow Rate of Water Treated 0.025 MGD v
0.031 MGD v
0.05 MGD v
. Sewered v v v v
Sewer Connection
Unsewered v
People Served™ | 4 1499 |2,250 1,100 2,250
Building Footprint (Roof Area) 20,000 | 156,000 20,000 156,000
Building Area Served (sq. ft) | 350 000 | 755,000 |380,000 |755,000

" includes residents and office workers.
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e Fraction of Treated Water Reused
On-Site
4 ) 4 )
Representative of buildings Representative of buildings
with average efficiency with high efficiency
appliances appliances
L PP \ PP / )
Wastewater Building
Scenario Configuration | High reuse | Low reuse
Mixed Use Building 72% 35%
Mixed Wastewater
District 72% 35%
Mixed Use Building 100% 55%
Separated Graywater
District 100% 57%

*Note: Assume fraction of treated water estimated for
on-site reuse displaces treated drinking water



Influent Values Targ(_et 21iLT0
Quality
Water Quality Characteristics Mixed WW Separated GW Both
Medium Strength Low Pollutant Effluent Quality
Characteristic Unit (Residential & Load with for Unrestricted
District)? Laundry2 Urban Use

Suspended Solids mg/L 220 94 <5
Volatile Solids % 80 47
cBOD; mg/L 203 167
BOD; mg/L 236 194 <10
Soluble BOD; mg/L 144 116
Soluble cBOD; mg/L 124 100
CcoD mg/L 508 888
Soluble COD mg/L 203 153
TKN mgN/L 85 8.5
Soluble TKN mgN/L 21 6.9
Ammonia mgN/L 20 1.9
Total Phosphorus mgP/L 5.6 1.1
Nitrite mgN/L 0 0
Nitrate mgN/L 0

0.64
Average Summer deg C 23 30
Average Winter deg C 23 30
Chlorine Residual mg/L n/a n/a 0.5-2.5

Influent and Effluent Characteristics

- Separated

graywater in U.S.:
wastewater from
bathroom faucets,
showers, baths,
and laundry.

- Mixed wastewater:

modeled as
medium strength
domestic.

- Treatment systems

meet log reduction
targets for NPR of
mixed wastewater
& graywater.
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Presentation Notes
Graywater and wastewater temperatures were assumed to be the same in winter and summer as the wastewater travels a short distance between the source and treatment location. We modeled the treatment system as housed in a climate-controlled building.
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Full
System
Diagram

» Building scale
system connected
to sewer

 Unsewered
scenario
considered for
district mixed
wastewater
treatment

5 U S ————————
[ Graywater Collection A Demanded
Gravity System End Use Drinking Water
- e Treatment and
Dishwasher Deliver
and Kitchen v
Sink
\ 4 Showers and >
< Wastewater Collection Baths
Gravity System
Bathroom -
* Lad
Sinks Recycled
> Water
Laundry < RUmping
I.)ruspliced :otadblls \Ilyater Toilet P / \‘ Storage
reatment and Delivery Al < <
) 4
Influent L <&
Mixed Irrigation [
Wastewater
Fine Aerobic uv
Screening and Membrane Disinfection Chlorination
Grit Removal Bioreactor
| g —
| Equalization » > = >
Influent A
Graywater
/ \ Dewatering’
[ )
> W
»
j v
Screening and Grit to
Landfill Sludge to Municipal
Wastewater Treatment
< Water from dewatering step® A
A 4
Sludge
Key | ithi Transport®
' [ ‘ —» Flow within system .
Displaced unit l{nlt- process ! Unitprocess | boundaries D|spl.a.ced
— within system | outside system | Fertilizer
boundary [ boundary | | —_ Flow outside Production®
system boundaries
| Or gate / Or gate .
| (multiple inputs) (multiple outputs) Displaced product
flow \ 4
Notes Land Application < Windrow
? Unsewered scenario only considered for district-level analysis treating mixed wastewater. of Compost® Composting®
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e Aarobic MBR (AeMBR)
7
Z .
-~ v Chlorination
Equalization Screen

» Baseline technology — %ﬂ

commercially available.

* model was primarily based
on modeling simulations in
CAPDETWorks ™ design il
and costing software and = - P
GPS-X™

Screened Influent
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Thermal Recovery for AeMBR

Compressor

- Low-grade heat from the mixed
wastewater and graywater is
recovered using a water-to-

water heat pump prior to AeMBR
treatment

- Filtered graywater and ..
wastewater is pumped into a
heat exchanger

HWeu n

WWinn
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Fine

o reen
Equalization Seree

AnMBR

« Psychrophilic process intended to
operate at ambient temperatures.

* Modeled as a continuously-stirred
tank reactor.

« Continuous biogas sparging used in
baseline.

» Recovered biogas used for heating
purposes.

Downflow
Hanging
Sponge

Anaerobic MBR (AnMBR)

-
.
A

Zeolite
Adsoption

>
—>

uv ..
Chlorination

Permeate methane recovered with
downflow-hanging sponge.

Zeolite adsorption modeled to decrease
ammonia levels and establish chlorine
residual.
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Data primarily derived from literature sources.


= Recirculating Vertical Flow
Wetland (RVFW)

_—
l i
>

Fine Slant Plate Equalization
Screen Clarifier Tank

Utilizes active pumping
to achieve a high
recirculation rate,
limiting land area
requirements

Ozone

* Mixed v

RVEW : W Only

0.6 m |

04m |

0.1m

05m

Chlorination
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Life Cycle Impacts for Building Scale

Mixed Wastewater Treatment Technologies
(Global Warming Potential)
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Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse
AeMBR AnMBR* RVFW AeMBR - Thermal Recovery®
O Biological Process 2 Preliminary/Primary @ Post-Treatment Chlorine Disinfection O UV Disinfection
@ Ozone Disinfection B Water Recycling Energy Recovery O Brine Disposal = Net Impact

2 AnMBR results modeled with continuous biogas sparging.
b Thermal recovery modeled as providing heat to a natural gas-based building hot water heater.
Note: Low reuse = high efficiency appliances, 35% of treated water is recycled; High reuse = average efficiency appliances, 72% of treated water is recycled

Draft
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Presentation Notes
Focus results on building-scale analysis


\efEPA Life Cycle Impacts for Building Scale Mixed
Wastewater Treatment Technologies
(Cumulative Energy Demand)
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AeMBR AnMBR? RVFW AeMBR - Thermal Recovery®
@ Biological Process & Preliminary/Primary O Post-Treatment Chlorine Disinfection O UV Disinfection
@ Ozone Disinfection B Water Recycling Energy Recovery O Brine Disposal = Net Impact

2 AnMBR results modeled with continuous biogas sparging.
b Thermal recovery modeled as providing heat to a natural gas-based building hot water heater.
Note: Low reuse = high efficiency appliances, 35% of treated water is recycled; High reuse = average efficiency appliances, 72% of treated water is recycled
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Net Present Value for Building Scale Mixed
Wastewater Treatment Technologies

Agency

(by Life Cycle Stage)

$6,000,000 $5,673,492
$5,397,736 5.437.357 ~~ $5,713,113

$5,000,000

$3,926,039 [~ $3,965,660
$4,000,000

$3,000,000

$2,000,000

$1,000,000

$0 :
Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse

AeMBR AnMBR? RVFW

$4,081,731  $4,121,352

s W

Low Reuse High Reuse

AeMBR - Thermal
Recovery

B Preliminary/Primary OBiological Treatment OPost-Treatment Disinfection B Building Reuse BOther (b) @ Total

2 AnMBR results modeled with continuous biogas sparging.
b Other = administrative costs.

Low reuse = high efficiency appliances, 35% of treated water is recycled
High reuse = average efficiency appliances, 72% of treated water is recycled

Draft
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AeMBR - Thermal
Recovery

BEnergy Chemical
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OCapital
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Low reuse = high efficiency appliances, 35% of treated water is recycled

High reuse = average efficiency appliances, 72% of treated water is recycled
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e FULL Utilization of Treated Water — Mixed

Wastewater and Graywater
(Global Warming Potential)
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) . . . Natural Gas Hot Electric Hot Water
AeMBR Continuous Sparging Intermittent Sparging RVFW Water Heater Heater
AnMBR AeMBR - Thermal Recovery
D Biological Process B Preliminary/Primary @ Post-Treatment @ Chlorine Disinfection
DUV Disinfection B 0Ozone Disinfection B Water Recycling @ Energy Recovery
0 Brine Disposal ® Centralized Blackwater Treatment o Net Impact

*Note: Net water savings is 1.21 m3/m3 wastewater treated for mixed wastewater and 0.79 m3/m3
wastewater treated for graywater. For mixed wastewater, able to achieve > 1 m3 water savings as
also avoiding water losses in distribution system. This slide includes centralized WRRF blackwater
treatment (not included in previous GW slides).
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Thermal Energy Recovery - Sensitivity
Analysis (Global Warming Potential)
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2 Natural Gas Hot Water Heater Electric Hot Water Heater Natural Gas Hot Water Heater Electric Hot Water Heater
@ Biological Process 2 Preliminary/Primary O Post-Treatment Chlorine Disinfection O UV Disinfection
@ Ozone Disinfection B Water Recycling @ Energy Recovery O Brine Disposal = Net Impact

Low reuse = high efficiency appliances, 35% (Mixed WW) or 55% (GW) of treated water is recycled
High reuse = average efficiency appliances, 72% (Mixed WW) or 100% (GW) of treated water is recycled
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Low reuse = high efficiency appliances, 35% (Mixed WW) or 55% (GW) of treated water is recycled
High reuse = average efficiency appliances, 72% (Mixed WW) or 100% (GW) of treated water is recycled
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“EPA  Life Cycle Impacts for District Scale Mixed
Wastewater Treatment Technologies
(Global Warming Potential)
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So, does it make sense?

- Clear environmental benefits of displacing drinking water
- Graywater and mixed wastewater treatment net

environmental impacts similar if able to find uses for all
treated water

—Source separated graywater systems provide sufficient
recycled water quantity to meet building needs

—Mixed wastewater systems may be more applicable if
able to share water with other buildings

- Can add thermal recovery unit before AeMBR or RVFW

treatment options to provide hot water heating needs

- Benefits of AnMBR energy recovery offset at the building-

scale due to post-treatment steps required to establish the
chlorine residual
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Disclaimer

This research was part of the U.S. Environmental
Protection Agency (U.S. EPA) Office of Research and
Development’s Safe and Sustainable Water Resources
(SSWR) Program. The research was supported by U.S.
EPA contract EP-C-16-0015 to Eastern Research
Group, Inc. Although the information in this document
has been funded by the U.S. EPA, it does not
necessarily reflect the views of the Agency and no
official endorsement should be inferred.
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Questions and Contact

Sarah Cashman
sarah.cashman@erg.com

Ben Morelli
ben.morelli@erg.com

Cissy Ma
ma.cissy@epa.gov

© FRANKLIN
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A Division of ERG
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Log Reduction Targets for 104
Infection Risk Target, Non-Potable
Reuse: Wastewater and Graywater

Enteric Parasitic
Viruses Protozoa

Indoor Use Domestic Wastewater 8.5
Graywater 6.0
Ur!resfricted Domestic Wastewater 8.0
Irrigation
Graywater 5.5

Table reproduced from Table 3-3 in (Sharvelle et al. 2017)

7.0
4.5

7.0
4.5

Enteric
Bacteria

6.0
3.5

6.0
3.5
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Global Warming Potential Cumulative Energy Demand
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Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse Low Reuse High Reuse
AeMBR AnMBR: RVFW AeMBR- Thermal Recovery* AeMBR AnMBR* RVFW AeMBR - Thermal Recovery®
D Biological Process & Preliminary/Primary O Post-Treatment Chlorine Disinfection O UV Disinfection
@ Ozone Disinfection B Water Recycling Energy Recovery @ Brine Disposal » Net Impact

2 AnMBR results modeled with continuous scouring.
b Thermal recovery modeled as providing heat to a natural gas-based building hot water heater.
Note: Low reuse = high efficiency appliances, 55% of treated water is recycled; High reuse = average efficiency appliances, 100% of treated water is recycled

25 Draft
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Graywater Treatment Technologies

By Life Cycle Stage By Cost Category
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AeMBR AnMBR? RVFW AeMBR - Thermal AeMBR AnMBR RVFW AeMBR - Thermal
Recovery Recovery
BPreliminary/Primary ~ OBiological Treatment @ Post-Treatment G Disinfection ~ @Building Reuse  BOther (b) ~ @ Total BEnergy BChemical OMaterial BO&M Labor OCapital Elnterest During Construction o Total

* AnMBR results modeled with continuous biogas sparging.
b Other = administrative costs.

Low reuse = high efficiency appliances, 55% of treated water is recycled
High reuse = average efficiency appliances, 100% of treated water is recycled
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“EPA  Full Utilization of Treated Water
(Cumulative Energy Demand)
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£1Brine Disposal B Centralized Blackwater Treatment o Net Impact

*Note: Net water savings is 1.21 m3/m3 wastewater treated for mixed
wastewater and 0.79 m3/m3 wastewater treated for graywater. For mixed
wastewater, able to achieve > 1 m3 water savings as also avoiding water
losses in distribution system. This slide includes centralized WRRF blackwater

treatment (not included in previous GW slides). Draft
ra
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