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Products
Products Most Closely Related to the Proposed Project

1. Li Y, Trimmer J, Hand S, Zhang X, Chambers K, Lohman H, Shi R, Byrne D, Cook S, Guest J.
Quantitative sustainable design (QSD) for the prioritization of research, development, and
deployment of technologies: a tutorial and review. Environmental Science: Water Research &
Technology. 2022; 8(11):2439-2465. Available from: http://xlink.rsc.org/?DOI=D2EW00431C
DOI: 10.1039/D2EW00431C

2. Byrne D, Hamilton K, Houser S, Mubasira M, Katende D, Lohman H, Trimmer J, Banadda N,
Zerai A, Guest J. Navigating Data Uncertainty and Modeling Assumptions in Quantitative
Microbial Risk Assessment in an Informal Settlement in Kampala, Uganda. Environmental
Science & Technology. 2021 March 22; 55(8):5463-5474. Available from:
https://pubs.acs.org/doi/10.1021/acs.est.0c05693 DOI: 10.1021/acs.est.0c05693

3. Corominas L, Byrne D, Guest J, Hospido A, Roux P, Shaw A, Short M. The application of life
cycle assessment (LCA) to wastewater treatment: A best practice guide and critical review.
Water Research. 2020 October; 184:116058-. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0043135420305959 DOI:
10.1016/j.watres.2020.116058

4. Byrne D, Grabowski M, Benitez A, Schmidt A, Guest J. Evaluation of Life Cycle Assessment
(LCA) for Roadway Drainage Systems. Environmental Science & Technology. 2017 July 25;
51(16):9261-9270. Available from: https://pubs.acs.org/doi/10.1021/acs.est.7b01856 DOI:
10.1021/acs.est.7b01856

5. Byrne D, Lohman H, Cook S, Peters G, Guest J. Life cycle assessment (LCA) of urban water
infrastructure: emerging approaches to balance objectives and inform comprehensive decision-
making. Environmental Science: Water Research & Technology. 2017; 3(6):1002-1014.
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Available from: http://xlink.rsc.org/?DOI=C7EW00175D DOI: 10.1039/C7EW00175D
Other Significant Products, Whether or Not Related to the Proposed Project

1. Byrne D, Roux P, Corominas L. Environmental assessment of urban water systems: LCA case
studies. Assessing Progress Towards Sustainability [Internet] Elsevier; 2022. 327-345p.
Available from: https://linkinghub.elsevier.com/retrieve/pii/B9780323858519000171 DOI:
10.1016/B978-0-323-85851-9.00017-1

2. Zib L, Byrne D, Marston L, Chini C. Operational carbon footprint of the U.S. water and
wastewater sector’s energy consumption. Journal of Cleaner Production. 2021 October;
321:128815-. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0959652621030110
DOI: 10.1016/j.jclepro.2021.128815

3. Trimmer J, Lohman H, Byrne D, Houser S, Jjuuko F, Katende D, Banadda N, Zerai A, Miller D,
Guest J. Navigating Multidimensional Social–Ecological System Trade-Offs across Sanitation
Alternatives in an Urban Informal Settlement. Environmental Science & Technology.
2020 August 21; 54(19):12641-12653. Available from:
https://pubs.acs.org/doi/10.1021/acs.est.0c03296 DOI: 10.1021/acs.est.0c03296

4. Trimmer J, Byrne D, Lohman H, Guest J. Preliminary Greenhouse Gas (GHG) Emissions
Analysis of Four Gates Sanitation Systems: Emissions During Steady-State Operation. 2020.
Available from: https://gatesopenresearch.org/documents/4-1 DOI:
10.21955/GATESOPENRES.1116564.1

5. Trimmer J, Lohman H, Byrne D, Guest J. Preliminary Techno-Economic Analysis (TEA) of
Duke Reclaimer System: Ultrafiltration, Granular Activated Carbon, and Electrolysis Liquid
Treatment System. 2019. Available from: https://gatesopenresearch.org/documents/3-1718
DOI: 10.21955/GATESOPENRES.1116559.1

Synergistic Activities
1. Sustainability Committee, Chair, Environmental and Water Resources Institute (EWRI),

American Society of Civil Engineers (ASCE); 2023-present
2. Envision Sustainability Professional (ENV SP), Institute for Sustainable Infrastructure; 2022-

present
3. Innovations at the Nexus of Food, Energy, and Water Systems (INFEWS), Faculty Advisor,

University of Kentucky National Science Foundation Graduate Research Traineeship (NSF
NRT), 2020-present

4. Teaching Innovation Institute, Participant, Center for the Enhancement of Learning and
Teaching (CELT), University of Kentucky; 2021-2022

5. Faculty Fellows in Science Communication, Faculty Fellow, University of Kentucky Center for
Appalachian Research in Environmental Sciences (UK-CARES); 2020-2021

Certification:
When the individual signs the certification on behalf of themselves, they are certifying that the
information is current, accurate, and complete. This includes, but is not limited to, information related
to domestic and foreign appointments and positions. Misrepresentations and/or omissions may be
subject to prosecution and liability pursuant to, but not limited to, 18 U.S.C. §§ 287, 1001, 1031 and 31
U.S.C. §§ 3729-3733 and 3802.
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         This analysis estimates greenhouse gas (GHG) emissions associated with steady-state operation of four technologies in the Bill &amp; Melinda Gates Foundation’s sanitation portfolio: the HTClean system (Helbling), the Empower Sanitation Platform (Duke Centre for WaSH-AID), the Electrochemical Reinvented Toilet (Eco-San), and the Janicki Omni-Processor (Sedron Technologies). Specifically, we estimated emissions from (i) the degradation of bodily waste during containment, treatment, and recovery; (ii) electricity and materials consumed during operation; and (iii) transportation of waste to its treatment and/or disposal site. We also estimated GHG offsets from recovery of fertilizer nutrients (nitrogen, phosphorus, potassium). This steadystate analysis does not include the emissions associated with the construction, maintenance, and end-of-life of these technologies. All estimates are expressed as equivalent kilograms of carbon dioxide per year, normalized to the estimated population served (i.e., kg CO2 eq·cap-1·year-1).<br><br>With the exception of the HTClean system, direct emissions from the current portfolio technologies have the potential to compare favorably against pit latrines. Our results suggest that electricity demand tends to drive emissions trends across three of the four systems (excluding the Omni-Processor). HTClean is associated with the highest total GHG emissions per person (780-1,800 kg CO2 eq·cap-1·yr-1), with 90% of emissions coming from its large electricity demand.<br>As the Omni-Processor is reported to require no outside electricity, it is associated with the lowest emissions (33-64 kg CO2 eq·cap-1·yr-1 for the full system including latrine containment and passive pretreatment). Latrine containment and pretreatment contribute most of the emissions related to the Omni-Processor system. The Empower (100-180 kg CO2 eq·cap-1·yr-1) and Eco-San (250- 470 kg CO2 eq·cap-1·yr-1) systems produce intermediate levels of emissions (compared with the<br>HTClean and Omni-Processor systems), with the Eco-San total being larger due to its higher electricity demand. The Empower system offers two alternatives for final processing of dried solids (combustion or land application), but total emissions are similar for both options (as land-applied solids may continue to degrade). The Empower estimates are similar to preliminary values associated with degradation of bodily waste in pit latrines (as calculated by the University of Leeds CACTUS team in ongoing work; final values may differ slightly). In all full systems, recovered nutrients contribute offsets that are relatively small compared with total system emissions.<br>Broadly, these preliminary results are associated with large uncertainties as the analysis required numerous assumptions. Results tend to be most sensitive to the emissions factor for electricity (i.e., kg CO2 eq·kWh-1) and multiple parameters related to direct emissions from bodily waste (e.g., carbon and nitrogen excretion, emissions during combustion). Electricity emissions will vary depending on the local source of electricity (e.g., coal, hydroelectric, solar), resulting in significant variability across implementation locations. This variability can be reduced if a power source is built into the system itself, and we show that integrating renewable energy sources (e.g., photovoltaics) may provide the greatest opportunity for reductions in total GHG emissions. Direct emissions vary based on storage and treatment conditions of bodily waste and will also depend upon implementation location, as local diets will affect excretion of carbon and nitrogen into sanitation systems. Moving forward, we hope to expand these analyses in collaboration with the design and modeling teams and develop a full life cycle assessment (LCA) of each system.
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         Executive Summary<br><br>This techno-economic analysis (TEA) estimates the user costs associated with the Reclaimer, a Reinvent the Toilet (RTT) system that integrates ultrafiltration (UF), granular activated carbon (GAC), and electrochemical (EC) disinfection. This report summarizes preliminary results and suggests possible strategies for improving economic outcomes and priorities for further exploration of the system. In what we consider to be the most probable scenario (the base case), the expected system cost is $0.17 per user per day, with the UF component system representing the largest fraction (61%) of this total. Pumping energy demands account for nearly half (47%) of the UF system cost. The GAC system cost is controlled by operational expenses related to GAC media replacement (75%), although the GAC replacement period is highly uncertain. While the EC system requires energy for the EC cell and stirrer, initial capital is its main cost driver (54%).<br><br>Based on the results of scenario analyses, several measures may reduce costs. These include minimizing general operating and maintenance (O&amp;M) requirements, working with local suppliers to ensure low electricity and GAC media prices, securing low- or no-interest loans, adding a second UF membrane unit, scaling-up production to minimize construction costs, and taking measures to increase UF membrane flow rate or GAC media longevity. Under conditions incorporating these changes (the best case), the cost of the overall system may drop to approximately $0.08 per user per day.<br><br>Broadly, the uncertainties associated with this preliminary analysis are considerable, and we do not yet have sufficient information to rigorously model treatment performance of the system. Moving forward, we propose treating these preliminary recommendations as suggestions for future experimentation and testing. Key factors related to system design include the following:<br>• Increasing the number of UF membrane units to reduce pumping energy requirements;<br>• Testing whether permeate flux can be increased without sacrificing permeate quality;<br>• Characterizing GAC media life and the factors governing longevity;<br>• Understanding the drivers of EC cell treatment performance, and comparing the performance and pretreatment needs of alternative disinfection approaches;<br>• Characterizing treatment performance of each individual component and what factors drive performance.<br><br>Further experimentation and field testing focused on these specific topic areas will enable more rigorous model development, and these efforts may lead to a more robust and cost-effective system.
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