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Abbey, The Water  Reccycling RevolutionFord Doolittle’s Reticulated Tree Of Life



Buildings Produce Water   
Precipitation 
collected from 
roofs and 
above-grade 
surfaces

Precipitation 
collected at 
or below 
grade

Nuisance 
groundwater from 
dewatering 
operations

Wastewater 
from clothes 
washers, 
bathtubs, 
showers, and 
bathroom 
sinks 

Wastewater 
from toilets, 
dishwashers, 
kitchen sinks, 
and utility 
sinks
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Air Conditioning Condensate 



4

Increasing Building Scale Reuse Across US
The Solaire, Battery Park, NYC

25,000 gpd of wastewater
Membrane Bioreactor
Toilet Flushing, cooling, irrigation 

Hassalow on Eighth Portland

60,000 gpd wastewater
Treatment includes landscaping
Toilet Flushing, cooling, irrigation 

181 Fremont, San Francisco

5,000 gpd greywater
Membrane bioreactor
Toilet flushinggpd  - gallons per day 



Quantitative Microbial Risk Assessment
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A Matrix of
Log Reduction Targets 

To Define
Fit-For-Purpose Reuse

“Source” Waters
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(roof runoff, stormwater, graywater, blackwater) 
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Sharvelle et al. (2017) Risk-Based Framework for the Development of Public Health Guidance for Decentralized Non-Potable Water Systems
Schoen et al. (2017) Microbial Risk Analysis 5, 32-43 

Risk-based approach increasingly  adopted
Colorado, California, Washington
Austin, San Francisco

Or actively considered 
Oregon, Hawaii, Arizona

Potential integration with building codes
ICC, IAPMO, NSF



7
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Onsite 
Wastewater 8.5 8.0 10.0 11.5 7.0 6.5 5.5 6.5 7.0 6.0 n/a 5.5 7.5 

Graywater 6.0 6.0 7.5 9.0 4.5 4.5 3.5 4.0 4.5 3.5 n/a 3.5 5.5 
Stormwater 
(10-1 dilution) 5.5 7.0 8.0 9.5 5.5 5.5 4.5 6.0 6.5 5.0 n/a 5.5 6.5 

Stormwater 
(10-3 dilution) 3.5 n/a 6.0 7.5 3.5 n/a n/a 4.0 4.5 3.0 n/a 3.5 4.5 

Stormwater 
(10-4 dilution) n/a n/a 5.0 6.5 n/a n/a n/a 3.0 3.5 n/a n/a 2.5 3.5 

Roof Runoff n/a n/a n/a n/a n/a 1.5 n/a 1.0 2.0 3.5 n/a 3.5 5.0 
 

Recent Efforts Resulting in Different LRTs (NBRC)  



Does it make 
sense to do this?

• Avoid burden-shifting with respect to 
economic and environmental impacts

• System level assessment of 
decentralized systems, including 
impacts on existing centralized 
infrastructure?
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Global Warming Potential Across Source Waters, 
Variable Location and Building Characteristics
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(a)

• 50-1,100 occupants
• 10-20 ft2/occupant (500-22,000 ft2)
• 2-20 floors
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Net Present Value Across Source Waters, 
Variable Location and Building 

Characteristics
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Research Gaps
• Risks Assessment

– Improve data on contaminant levels in alternative source waters to 
improve risk models 

– Define unit process based removal rates to optimize system design
• Methods/surrogates to reflect infective virus removal
• Grouping based approaches to chemicals (analogous to microorganisms))  

–Assess fit for purpose health risk benchmarks  
• E.g., household based, occupational exposures
• Broader (and more distal) impacts of alternative water systems

• Systems Analysis
–Expand screening level cost and impact assessment tools to help inform 

decision making
–Leverage data from early adopters of alternative water systems to 

improve fidelity of life cycle models and refine system designs 
–Translate life cycle impacts to health impacts for linkage to risk 

assessment  (e.g., DALYs, dollars)
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Contact

Jay Garland, PhD
Center for Environmental Solutions and Emergency Response
US EPA Office of Research and Development
513-569-7334
garland.jay@epa.gov
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Disclaimer: The views expressed in this presentation are those of the author and do not necessarily reflect the 
views or policies of the US EPA. Mention of trade names or commercial products does not constitute endorsement 
or recommendation for use.

mailto:garland.jay@epa.gov


ORD Bibliography on ONWS Risk
MA Jahne, ME Schoen, JL Garland, NJ Ashbolt. 2017  Simulation of enteric pathogen concentrations in locally collected greywater and 

wastewater for microbial risk assessments.  Microbial Risk Analysis  5,. 44-52  
https://www.sciencedirect.com/science/article/pii/S235235221630038X.  ORD-017709

ME Schoen, J Garland . 2017 Review of pathogen treatment reductions for onsite non-potable reuse of    alternative source waters
Microbial Risk Analysis 5, 25-31

ME Schoen, NJ Ashbolt, MA Jahne, JL Garland. 2017 Risk-Based Enteric Pathogen Reduction Targets for Non-Potable and Direct 
Potable Use of Roof Runoff, Stormwater, and Greywater. Microbial Risk Analysis 5, 32-43  
http://dx.doi.org/10.1016/j.mran.2017.01.002 ORD-017866

ME Schoen, MA Jahne, JL Garland.  2018. Human health impact of cross-connections in non-potable reuse systems.  Water 10(10), 
1352 

ME Schoen, MA Jahne, J Garland, 2018  Human health impact of non-potable reuse of distributed wastewater and greywater treated by 
membrane bioreactors  Microbial Risk Analysis 9, 72-8

ME Schoen, MA Jahne, J Garland  2020 A risk-based evaluation of onsite, non-potable reuse systems developed in compliance with 
conventional water quality measures. Journal of Water and Health 18 (13) 331-344

MA Jahne, NE Brinkman, SP Keely, BD Zimmerman, EA Wheaton, and JL Garland.  2020. Droplet digital PCR quantification of 
norovirus and adenovirus in decentralized wastewater and greywater collections: implications for water reuse Water Research 
169:113-213

ME Schoen,  M A Jahne,  and JL Garland.  2020 Enteric pathogen treatment requirements for non-potable water reuse when exposure
data is limited  Environmental Science & Technology Letters 7(12) 943-947

ME Schoen, MA Jahne, JL Garland, L Ramirez, AJ Lopkin, and KA Hamilton. 2021 Quanitative microbial risk assessment of 
antimicrobial resistant and susceptible Staphylococcus aureus in reclaimed waters. Environmental Science & Technology 55(22) 
15255 2021

Ala’fari, S, Sharvelle, NE Brinkman, M Jahne, S Keely, EA Wheaton, J. Garland, C, Welty, MC Sokup, and T. Meixner. 2022. 
Characterization of roof runoff microbial quality in 4 US cities with varying climate and land use characteristics. Water Research 
225:119-123

M Jahne, M, Schoen, A Kaufman, B. Pecson, A, Oliveri, S. Sharvelle, A. Anderson, N. Ashbolt, and J. Garland. 2023. Enteric pathogen 
reduction targets for onsite non-potable water systems: A critical evaluation. Water Research 233: 119742

M. Schoen, L Garland, JM Soller, SC Timmons, and MA Jahne. Onsite Nonpotable water system pathogen treatment targets: a 
comparison of infection and disability adjusted life years (DALYS) Risk Benchmark Approaches. Environmental Science and 
Technology (accepted)

13

https://www.sciencedirect.com/science/article/pii/S235235221630038X
http://dx.doi.org/10.1016/j.mran.2017.01.002%20ORD-017866


Arden, S., Morelli, B., Cashman, S., Ma, C., Jahne, M. and Garland, J. (2021) Onsite Non-potable Reuse for Large Buildings: 
Environmental and Economic Suitability as a Function of Building Characteristics and Location. Water Research 191 
116635. doi:10.1016/j.watres.2020.116635.

Arden, S., Morelli, B., Schoen, M., Cashman, S., Jahne, M., Ma, C., Garland, J. (2020). Human health, economic and 
environmental assessment of onsite non-potable water reuse systems for a large, mixed-use urban building. Sustainability. 
12, 5459. doi:10.3390/su12135459.

Morelli, B. and Cashman, S. (2019). Life cycle assessment and cost analysis of distributed mixed wastewater and graywater 
treatment for water recycling in the context of an urban case study. EPA/600/R-18/280 

Ghimire, S. R., Johnston, J. M., Garland, J., Edelen, A., Ma, X. C., & Jahne, M. (2019). Life cycle assessment of a rainwater
harvesting system compared with an AC condensate harvesting system. Resources, Conservation and Recycling, 146, 
536-548.

Morelli, B., Cashman, S., Ma, X(C)., Garland, J., Bless, D., Jahne, M.  September 2019.   Life Cycle Assessment and Cost 
Analysis of Mixed Wastewater and Graywater Distributed Treatment for Non-Potable Reuse in San Francisco.  WEFTEC 
conference proceeding paper. Chicago, IL.

Cashman, S., Ma, X(C)., Mosley, J., Garland, Crone, B., Xue, X.  2018.  Energy and greenhouse gas life cycle assessment 
and cost analysis of aerobic and anaerobic membrane bioreactor systems: Influence of scale, population density, climate, 
and methane recovery. Bioresource Technology, 254, 56–66. 

Cashman, S., Mosley, J., Ma, X(C)., Garland, J., Cashdollar, J., Bless, D.  2016.  Life Cycle Assessment and Cost Analysis of
Water and Wastewater Treatment Options for Sustainability: Influence of Scale on Membrane Bioreactor Systems.  EPA 
report: EPA/600/R-16/243. 

ONWS LCA/LCC Literature


	Balancing Risk Assessment and Life Cycle Analysis of  Water Reuse Approaches
	Slide Number 2
	Slide Number 3
	Buildings Produce Water   
	Slide Number 5
	Quantitative Microbial Risk Assessment
	Slide Number 7
	Slide Number 8
	Does it make sense to do this?
	Global Warming Potential Across Source Waters, Variable Location and Building Characteristics
	Net Present Value Across Source Waters, Variable Location and Building Characteristics
	Research Gaps
	Contact
	 ORD Bibliography on ONWS Risk
	Slide Number 15



