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Abstract
There are several ways to provide potable water to the community in times of an emergency. In recent disaster events, bottled water has generally been provided to the affected population. However, some new products have come on the market that can generate water from the atmosphere and may be an effective alternative to bottled water in times of emergencies. These products are known as atmospheric water generators (AWGs). This research uses life cycle assessment (LCA) to evaluate the potential environmental impacts associated with the bottled water system and the AWG system based on a suite of environmental indicators. A companion cost analysis is also conducted using net present value calculations. The project evaluates bottled water systems associated with a single-serve 16.9 oz bottle served in 24 pack cases and multi-serve 5-gallon reusable jugs, in addition to two brands of AWGs designed to operate at multiple scales, manufactured by Watergen and Ecoloblue, respectively. Life cycle inventory data were collected from vendor-provided data and published peer reviewed literature to be modeled in openLCA v1.7.0. Several sensitivity analyses were conducted to quantify the effect on results of single-serve bottle weights, transportation distance in delivering multi-serve jugs, source of water for filling the bottles, recycled content and recycling allocation methods in bottled water systems, electrical grid mixes for AWGs, volume of water produced by AWGs and the method used to wash the reusable container for drinking water either from the multi-serve jug or the AWGs. Results indicate that the AWGs typically have higher impacts across all environmental impact categories as compared to the bottled water systems. The multi-serve reusable jug has the lowest impacts across the environmental impact categories of all the systems studied. The impacts of the multi-serve jug can be further reduced by lowering the transportation distance to and from the user. The operational life cycle stage of the AWGs has the highest impacts across all impact categories due to the energy requirements of the system. LCA impacts for the AWG may be reduced through utilization of low environmental impact electrical energy options. While AWG units have substantial upfront capital costs, cost results are lower for the AWG unit compared to bottled water options purchased from commercial locations when amortized over the AWG’s lifetime.
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Acronyms and Abbreviations
AWG	Atmospheric Water Generator
CAMX	Western Electricity Coordinating Council California, eGRID subregion
DQI	Data quality indicator
EF	Emission factor
eGRID	Emissions & Generation Resource Integrated Database
EPA	Environmental Protection Agency (U.S.)
ERG	Eastern Research Group, Inc.
FDA	Food and Drug Administration
FEMA	Federal Emergency Management Agency
FRCC	Florida Reliability Coordinating Council, eGRID subregion
GHG	Greenhouse gas
GWP	Global warming potential
HOD	Home/Office Delivery
ISO	International Standardization Organization
LCA	Life cycle assessment
LCI	Life cycle inventory
LCIA	Life cycle impact assessment
LDPE	Low-density polyethylene
MCF	Methane conversion factor
OPP	Oriented polypropylene
PC	Polycarbonate
PET	Polyethylene terephthalate
PM	Particulate matter
PP	Polypropylene
QAPP	Quality assurance project plan
RFCW	Reliability First Corporation West, eGRID subregion
RO	Reverse osmosis
SW	Solid waste
TRACI	Tool for the Reduction and Assessment of Chemical and other environmental Impacts
US LCI	United States Life Cycle Inventory Database
UV	Ultraviolet
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			Section 1: Goal and Scope Definition

[bookmark: _Toc525246192][bookmark: _Toc533009150][bookmark: _Ref406505137]Goal and Scope Definition
Across the U.S., there is a need to provide potable drinking water to communities in situations where treated municipal water is not accessible or is compromised. Traditionally, bottled water has been supplied to affected populations in the U.S., but there are some emerging technologies, such as atmospheric water generators (AWGs) that can produce water on-site using ambient humidity and energy supply from the electrical grid. While such systems are still in early stages of production and use, the findings of this study can help identify hotspots in the life cycle stages of AWGs in order to evaluate their environmental impact and cost as a source of drinking water supply in disaster/emergency situations. This study also compares the relative environmental and cost performance of AWGs, single-serve bottles, and multi-serve reusable jugs as emergency water supply options.
[bookmark: _Toc525246193][bookmark: _Toc533009151]Introduction and Objective
This study investigates a novel technology called AWG that uses water harvesting to condense humidity from ambient air and generate potable water. AWGs can be used for supplying water as an emergency response option. The objective of this study is to evaluate the efficacy and performance of AWG technology in comparison with bottled water as an emergency response option to provide clean and safe drinking water for a long-term contamination situation. Using life cycle assessment (LCA), we compare the environmental LCA metrics associated with two different configurations of the AWGs and two types of commercially available bottled water options to provide context for understanding the outcomes associated with providing potable drinking water in long-term contamination emergency situations. All AWG systems are modeled as connected to the electrical grid. Weather related emergency situations such as hurricanes and tornados, that cause power outages, and require a rapid response were not examined in this study.
As one of the largest federal water research and development laboratories in the United States, the Environmental Protection Agency (EPA) generates innovative solutions that protect human health and the environment. The Office of Research and Development’s (ORD) Safe and Sustainable Water Resources (SSWR) Program is the principal research lead seeking metrics and tools to compare the tradeoffs between economic, human health, and environmental aspects of current and future municipal water and wastewater services. A comprehensive systems-level analysis such as LCA can support the decision-making process for determining the mechanism for emergency potable water delivery.
LCA is a widely accepted method to assess the environmental aspects and potential impacts associated with individual products, processes, or services. It provides a “cradle-to-grave” analysis of environmental impacts and benefits that can better inform and assist in selecting the most environmentally preferable choice among the various options. The steps for conducting an LCA include (1) identifying the goal and scope, (2) compiling a life cycle inventory (LCI) of relevant energy and material inputs and environmental releases and emissions, (3) evaluating the potential environmental impacts associated with identified inputs and releases, and (4) interpreting the results to help individuals make more informed decisions.
The investigated LCA-related impacts include acidification potential, global warming potential (GWP), eutrophication potential, smog formation potential and particulate matter formation potential, and are based on the EPA’s Tool for Reduction and Assessment of Chemicals and other environmental Impacts (TRACI) 2.1 life cycle impact assessment (LCIA) method (Bare et al., 2003). Fossil fuel depletion and water consumption are based on the ReCiPe[footnoteRef:2] method; solid waste by weight is based on cumulative solid waste inventory; and cumulative energy demand is based on the cumulative energy inventory method of Ecoinvent (Frischknecht et al., 2007). These metrics are discussed in detail in Section 1.2.4. A cost analysis is also conducted and discussed in the results section. [2:  “The name of this method “ReCiPe” is derived from two factors. First, the method provides a recipe to calculate life cycle impact categories. Second, the acronym represents the initials of institutes that were the main contributors: RIVM and Radboud University, CML, and PRѐ” (Goedkoop et al., 2009).] 

[bookmark: _Toc525246194][bookmark: _Toc533009152]Scope
[bookmark: _Hlk531789640]This study design follows the guidelines for LCA provided by ISO 14040/14044 (ISO, 2006 a,b). The following subsections describe the scope of the study and the functional unit used for comparison (i.e., basis of results), system boundaries of analysis, LCIA methods, impact assessment categories, and potential data sources. The scope of this study is to compare an alternative potable water emergency response option of AWG with single-serve and multi-serve bottled water. This section lists the AWG and bottled water systems studied, their associated system boundaries, and potential data sources for the analysis. No other emergency water purification technologies such as reverse osmosis-based filtration, cartridge filtration systems, solar pasteurizations systems or natural filtration systems were assessed in this study. The geographic scope of this study is production and use in the United States with four regional electrical grid locations selected to assess the impacts associated with the operation of the AWG. The AWG water production varies with ambient temperature and humidity levels, which is discussed in detail in Section 3.1. The environmental impact of removing moisture from the air is outside the scope of this report. 
[bookmark: _Ref449709055][bookmark: _Toc525246195][bookmark: _Toc533009153]Functional Unit
To provide a basis for comparison of different products, a common reference unit must be defined. The reference unit is based upon the function of the products, so that comparisons of different products are made on a uniform basis. This common basis, or functional unit, is used to normalize the inputs and outputs of the LCA, with all results expressed on a functional unit basis. Because the goal of AWG systems and bottled water is to deliver clean and safe drinking water, the functional unit of this study is one liter of potable water at ambient temperature. No cooling or heating of the potable water is considered in the functional unit calculation. There may be differences in the water quality characteristics of the AWG product versus bottled water. Such variations will not affect the functional unit. Note that bottled water and AWG product are not managed by EPA’s National Primary Drinking Water Regulations. Bottled water is regulated by the Food and Drug Administration (FDA).
[bookmark: _Ref450123501][bookmark: _Ref454809327][bookmark: _Ref454819062][bookmark: _Toc525246196][bookmark: _Toc533009154]System Descriptions of Atmospheric Water Generators
The system boundaries of an AWG system are shown in Figure 1. The system boundaries start at production of the AWG unit, and continue through transportation to point of use, water generation, maintenance, and disposal of the AWG unit at end-of-life. Material, fuel, energy, and chemical inputs as well as air, water and waste outputs across all life cycle stages of the AWG are incorporated in the analysis. AWG infrastructure burdens are accounted for by amortizing infrastructure impacts by the useful life of the AWG unit and then standardizing results based on the functional unit of one liter of delivered potable water.
The main end use of AWG varies with scale. The large or industrial scale AWGs such as the Watergen Large Scale Water Generator and the EcoloBlue 1000 series, capable of generating up to 10,000L of water a day, can serve small towns to cities when set up as water stations especially in times of a natural disaster or emergency situations. They can also be used for irrigation of greenhouses, vertical farms, and hydroponics. These units are scalable and can be set up in multiples to meet high water needs. In addition, these industrial-scale units can be used in schools, hospitals, commercial or residential buildings, whole villages, factories, and off-grid settlements. These units can also be installed on the roof tops of buildings and retrofitted to deliver water directly to the kitchen via the internal piping system (Watergen). The medium-scale units such as the Gen-350 and EcoloBlue 100 series are mobile and can be easily transported for installation for home or business use. The EcoloBlue AWGs can be integrated with portable generators or renewable energy sources (wind, PV) for off-grid usage. The home/office scale AWG units such as Watergen Genny and EcoloBlue EB30 series are designed for indoor home or office use to replace bottled water or water fountains. We have also incorporated a number of scenarios around the electrical grid mix used, scale, water production, and the washing methods of container used to drink the water from an AWG.
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[bookmark: _Ref517262772][bookmark: _Toc524635602][bookmark: _Toc533009198]Figure 1. System boundary for atmospheric water generator.

[bookmark: _Ref510614437]AWG Vendors and Unit Scales
The study evaluates different AWG vendors to capture the range of potential environmental and cost impacts of this technology option. Eastern Research Group, Inc. (ERG), in coordination with EPA, identified the following possible vendors:
Watergen©: Watergen manufactures AWG units of large (i.e., industrial), medium and home/office scale. The large-scale or industrial-scale units produce 3,000 L per day (with a maximum of 5,000 L per day) given optimum levels of temperature (27 degrees Celsius) and humidity (60 %) and can be installed on the rooftops of commercial buildings, in multiples, to meet high water demands. The medium scale unit, Gen-350, is a portable AWG which can be mounted on a small truck or an SUV and allows for generation of up to 400 L water per day. The home or office scale unit, Genny, is able to generate 25 L of water daily.
EcoloBlue™[footnoteRef:3]: EcoloBlue manufactures AWG units of large, medium and home/office scale. The large-scale units range from 10,000 L produced per day to 1,000 L per day given optimum levels of temperature (30 degrees Celsius) and humidity (80 %). These units are scalable to meet high drinking water demands. The medium scale units or the light industrial series come in 100 L, 300 L and 600L per day options. The home- or office-scale units can generate up to 30 L of water daily in optimal conditions. All EcoloBlue units are capable of integration with alternative power sources such as portable generators, wind, and photovoltaic solar panels.  [3:  It is important to mention that the company Ecoloblue is not operational any longer, but it was operating at the time this study was conducted. The additional data points from Ecoloblue are useful for determining a range of AWG LCA results.] 

Figure 2 and Figure 3 show the unit processes of two different AWG units developed by Watergen and EcoloBlue, respectively. The specific treatment of the water prior to delivery depends on the AWG design and unit scale. All systems are modeled as connected to an electrical grid for the purposes of this study. Assessment of alternative energy sources such as a diesel generator or renewable solar options are outside of the current project scope, but may be considered in later phases.
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[bookmark: _Ref517262473][bookmark: _Toc524635603][bookmark: _Toc533009199]Figure 2. Schematic overview of AWG unit operation – Watergen.
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[bookmark: _Ref517262491][bookmark: _Toc524635604][bookmark: _Toc533009200]Figure 3. Schematic overview of AWG unit operation – EcoloBlue (all scales).
The vendor specific parameters used in the LCA model are listed in Table 1.These data were provided directly by the vendors (Watergen and EcoloBlue) in the form of vendor specific reports, completed data forms, via e-mail communication, or provided on the vendors’ official websites. The data parameters for daily volume of water generated were varied in a sensitivity analysis to study the impacts associated with low or high daily volume of water produced by the AWGs (see Section 4.4 for details).
	[bookmark: _Ref524340875][bookmark: _Ref524340870][bookmark: _Toc524636921][bookmark: _Toc533009181]Table 1. Vendor Specific LCA Parameters

	Vendor
	Scale
	Weight (kg)
	Volume Generated
(L per day)
	Electricity per Volume Produced (Wh/L)
	Unit Cost (2018 USD)§
	Maintenance Cost per Year (2018 USD)*

	Watergen
	Large
	2,870
	3,000ǂ
	350
	$115,000
	$7,866

	Watergen
	Medium
	800
	400
	330
	$55,000
	$2,500

	Watergen
	Home/Office
	50
	25
	300
	$1,250
	-

	EcoloBlue
	Large
	3,800
	3,000
	420
	$159,700
	$3,767

	EcoloBlue
	Medium
	1,000
	600
	410
	$30,750
	$870

	EcoloBlue
	Home/Office
	         50
	30
	300
	$799†
	-


*Maintenance cost of AWGs includes filters replacement and disinfection of internal tanks.
†The default parameters for the EcoloBlue home/office unit are associated with Ecoloblue30E, there are two other units produced in this category called Ecoloblue30X and Ecoloblue30X Alkaline and their unit costs are $1299 and $1499 respectively.
ǂ This volume is reported in multiple sources and selected as per the data provided directly to ERG by Watergen and the Watergen large scale AWG brochure available at the time of the project. Maximum water production for the large scale unit is modeled as up to 5,000 liters/day in a sensitivity analysis as specified in Table 6.
§Unit cost includes the cost of external tanks that are purchased with the large-scale units.

[bookmark: _Toc525246197][bookmark: _Toc533009155]System Descriptions of Bottled Water Production
The comparative bottled water analysis includes both a single-serve and a multi-serve option. The main parameters for these two bottled water options in the baseline analysis are displayed in Table 2. The primary packaging option for single-serve bottled water delivery is polyethylene terephthalate (PET) plastic bottles and for the multi-serve large polycarbonate (PC) jugs are typically used for home/office delivery (HOD). Two sizes of bottles are considered in this study; for the single-serve option a 500 ml (16.9 oz) PET bottle is studied and for the multi-serve an 18.9 L (5 gallon) PC water jug is studied. The baseline analysis for the single serve bottle assumes a 16.9 oz bottle (9.3g) modeled based on a lightweight domestic spring water system. For determining sensitivity of the LCA results to bottle weight, an additional 16.9 oz (10.9g) lightweight bottle is modeled based on an alternative water brand. While the packaging weights and supply chain for alternative bottled spring water were based on specific brands, no primary data were collected from these brands for this study. The baseline analysis for single-serve bottle also assumes 0% recycled content of the primary bottle material, however, 10% recycled content is also modeled for sensitivity analysis (McKay, 2008). The single-serve bottles include a polypropylene (PP) closure and are configured in 24-count multipacks with shrink wrap distribution packaging. The baseline weight and material of the empty HOD bottle and closure material were acquired from publicly available e-commerce listings. The HOD bottles are used by consumers in combination with a reusable glass. The HOD bottles have approximately 40 lifetime uses (ORDEQ, 2009). The water within the bottles is modeled as either spring water or purified municipal water. In many cases, bottled water plants treat municipal water with additional purification steps such as ozone treatment and UV treatment (ORDEQ, 2009). The percentages of postconsumer waste that is recycled and disposed after use are based on U.S. data from the U.S. EPA “Advancing Sustainable Materials Management Report” (U.S. EPA, 2016). The recycling rate of the single-use bottle is modeled as 31.3%. The HOD bottle is modeled with 100% recycling, since the bottles are managed by delivery services. For all packaging waste that enters the municipal waste stream, 82.2% are managed in a landfill and 17.8% are sent to waste to energy incineration based on average U.S. conditions (U.S. EPA, 2016).
	[bookmark: _Ref524892172][bookmark: _Toc533009182]Table 2. Bottled Water Systems Studied

	
	Single-Serve Water Bottle
	Multi-Serve Water Bottle

	Volume
	500 ml (16.9 oz)
	18.9 L (5 gallons)

	Primary bottle material
	polyethylene terephthalate
	polycarbonate

	Empty bottle weight (g)
	9.3
	794 (1.75 lbs)

	Closure material
	Polypropylene
	LDPE

	Closure weight (g)
	1.1
	14.5

	Type of water
	Purified municipal water or spring water with ultrafiltration, ozone treatment, and UV.

	Label material
	PP
	n/a

	Label weight (g)
	0.6
	n/a

	Multipack
	24-count
	n/a

	Multipack packaging
	Shrink wrap (LDPE)
	n/a

	Shrink wrap weight (g)
	31.5
	n/a

	Type of reusable drinking container
	Not applicable
	475 ml (16.1 oz) glass

	Recycling rate
	31.3%
	100%

	Lifetime uses
	1
	40

	Transport distance*
	100 mi
	75 mi


*Transport of bottled water from filling location to the consumer. Transport is  modeled in a diesel combination truck for single-serve bottles. The HOD bottles are transported in smaller vans by a delivery service.

The cost of bottled water to the consumer is based on the price of a 24-pack for single-serve PET bottles as sold at a large-scale grocery chain and the price of a 5-gallon spring water jug sold by various vendors as a home/office delivery service. The costs are listed in Table 3. In emergency situations where the public water supply is rendered non-potable or inaccessible, various organizations within the U.S. government have historically been responsible for delivering water to the affected citizens. For example, the National Guard delivered water and water filters door-to-door and in schools during the Flint water crisis and the cost of water supply was covered by the state of Michigan (Maher, 2016). Similarly, during the hurricane Maria, Federal Emergency Management Agency (FEMA), Federal Bureau of Investigation (FBI) and United States Army Reserves provided bottled drinking water to survivors in Puerto Rico (Baja, 2017). Based on recent water disasters locally and internationally it appears that states handle contaminated local water, and federal entities typically handle weather disasters (U.S. EPA, 2011).
[bookmark: _Ref524510123][bookmark: _Toc524636922][bookmark: _Toc533009183]Table 3. Sample Cost of Water Bottles
	Brand Name
	Type of Product
	Price per Pack (16.9oz)/5-gallon bottle ($)
	Delivery Cost per Month ($)

	Poland Spring* 
	16.9 oz, 24 pack 
	$4.49
	-

	Dasani*
	16.9 oz, 24 pack
	$3.99
	-

	Belmont Springs/ Crystal Rock§
	5 gallon, purified water
	$6.99
	$5

	Belmont Springs/ Crystal Rock§
	5 gallon, spring water
	$7.99
	$5

	Poland Spring§
	5 gallon, spring water
	$7.49
	$6.95

	Nestle Pure Life§
	5 gallon, purified water
	$6.49
	$6.95

	Wegmans Spring*
	4 gallon, spring water
	$3.99
	-


*These products were sampled at Wegmans in Burlington, MA on Tuesday, September 11, 2018.
§The data for these products were acquired by calling vendors for pricing on Wednesday, September 12, 2018.

The system boundaries for the single-serve bottled water analysis are shown in Figure 4. The system boundaries start at spring water extraction or municipal drinking water treatment. The bottled water plant conducts additional purification steps prior to filling such as ultrafiltration, ozone treatment, and UV treatment. The system boundaries include raw material production of virgin primary packaging and associated components such as PET for the bottle, PP for the cap, and oriented polypropylene (OPP) for the label. The system boundaries also include raw material production and conversion for distribution packaging materials such as low-density polyethylene (LDPE) for the shrink wrap. The model assumes that PET is injection molded to a preform at a separate facility and then stretch blow molded to a bottle at the filling location. After filling and application of the shrink wrap multipack packaging, the bottles are transported to the point of use. The model does not include any refrigeration of the bottled water. Bottles and multipack packaging are either recycled or disposed at end-of-life. Note that all life cycle stages requiring electricity in the bottled water systems are modeled with the U.S. average electrical grid fuel mix.



[bookmark: _Ref517782127][bookmark: _Toc524635605][bookmark: _Toc533009201]Figure 4. System boundary for single-serve bottled water analysis.

The system boundaries for the multi-serve HOD jug/bottle are shown in Figure 5. Water treatment is modeled using the same approach as the single-serve analysis. Filled HOD jugs are transported to point of use via a delivery service van. The analysis assumes consumers use a reusable glass to fill drinking water from the jugs. After use, the glass is assumed to be cleaned by handwashing in the baseline analysis however, use of soap is outside the scope of this study. Section 4.4.1.2 includes a sensitivity analysis addressing the option of no washing in emergency conditions pertaining to water shortages.  Use of dishwashers is also considered to be an un-viable option in emergency situations especially when replacing large-scale water supply. After the jug is empty, the same delivery service collects the jug from the point of use. It is assumed the jug cap is disposed and the jug itself is sent back to the filling facility. Prior to filling the jug, the jug goes through an industrial washing process. Industrial washing between uses includes the production of relevant cleaning chemicals. The jugs are used approximately 40 times until they are recycled by the delivery service. It is assumed the reusable glass for drinking is reused for 3 years, once a day, for 1,095 total lifetime uses. Material production requirements for the jug are amortized over the useful life of the components. Given the notable number of lifetime uses for the reusable glass, production and disposal of the glass are assumed negligible, and excluded from the model. The refrigeration of water after being poured out of the reusable jug is also excluded from the analysis.



[bookmark: _Ref517782169][bookmark: _Toc524635606][bookmark: _Toc533009202]Figure 5. System boundary for multi-serve home delivery jug analysis.

[bookmark: _Ref433296874][bookmark: _Toc525246198][bookmark: _Toc533009156]Metrics and Life Cycle Impact Assessment
LCIA helps with interpretation of the emissions inventory. LCIA is defined in ISO 14044 Section 3.4 as the “phase of life cycle assessment aimed at understanding and evaluating the magnitude and significance of the potential environmental impacts for a product system throughout the life cycle of the product.” In the LCIA phase, the inventory of emissions is first classified into categories in which the emissions may contribute to impacts on human health or the environment. Within each impact category, the emissions are then normalized to a common reporting basis, using characterization factors that express the impact of each substance relative to a reference substance. 
In addition to the LCIA, a cost analysis was also carried out to compare the standardized cost of each system per liter of water. The details of this analysis are provided in Section 4.5. This analysis used net present value of the cost of the AWGs over their lifetimes to calculate the per liter cost based on the average number of liters produced by the units over their lifetimes. The per liter cost of bottled water is based on unit price and quantity sold in the market.
The results of this study address global, regional, and local impact categories. The impact categories and methods applied in this study along with their units and a brief description of each category are shown in Table 4. The TRACI version 2.1 LCIA method, developed by the U.S. EPA specifically to model environmental and human health impacts in the U.S., is the primary LCIA method applied in this study (Bare, 2003). Additionally, the ReCiPe LCIA method is used to characterize fossil fuel depletion and water use (Goedkoop et al., 2009). Energy is tracked based on point of extraction using the cumulative energy demand method developed by Ecoinvent (Frischknecht et al., 2007).
	[bookmark: _Ref525246901][bookmark: _Toc524636925][bookmark: _Toc533009184]Table 4. Scope of Impact Assessment

	Category
	Unit
	Method
	Description

	Acidification Potential
	kg SO2 eq
	TRACI v2.1
	Quantifies the acidifying effect of substances on their environment. Important emissions: SO2, NOx, NH3, HCl, HF, H2S.

	Cumulative Energy Demand
	MJ-eq
	Ecoinvent
	Accounts for the total usage of non-renewable fuels (natural gas, petroleum, coal, and nuclear) and renewable fuels (such as biomass and hydropower). Energy is tracked based on the heating value of the fuel utilized from point of extraction, with all energy values summed together and reported on a MJ basis.

	Eutrophication Potential
	kg N eq.
	TRACI v2.1
	Assesses impacts from excessive load of macro-nutrients to the environment. Important emissions: NH3, NOx, COD and BOD, N and P compounds.

	Fossil Fuel Depletion
	kg oil-eq.
	ReCiPe
	Captures the consumption of fossil fuels, primarily coal, natural gas, and crude oil. All fuels are normalized to kg oil equivalent (eq) based on the heating value of the fossil fuel and according to the ReCiPe impact assessment method.

	Global Warming Potential
	kg CO2-eq.
	TRACI v2.1
	Represents the heat trapping capacity of GHGs over a 100-year time horizon. All GHGs are characterized as kg CO2 equivalents using the TRACI 2.1 method. TRACI GHG characterization factors align with the IPCC 4th Assessment Report for a 100-year time horizon.

	Particulate Matter Formation Potential
	kg PM2.5 eq
	TRACI v2.1
	Determines the effect of particulate matter (e.g., PM 2.5 and PM10) and pollutants which lead to respiratory impacts related to particulates (e.g., sulfur oxides and nitrogen oxides).

	Smog Formation Potential
	kg O3 eq.
	TRACI v2.1
	Determines the formation of reactive substances (e.g. tropospheric ozone) that cause harm to human health and vegetation. Important emissions: NOx, BTX, NMVOC, CH4, C2H6, C4H10, C3H8, C6H14, acetylene, Et-OH, formaldehyde.

	Solid Waste by Weight
	kg
	Cumulative solid waste inventory
	Measures quantity of fuel, process and postconsumer waste to a specific fate (e.g., landfill, waste-to-energy incineration) for final disposal on a mass basis.

	Water Consumption
	m3 H2O
	ReCiPe
	Quantifies the volume of fresh water inputs to the life cycle of products within the supply-chain. An inventory category, that does not characterize the relative water stress related to water withdrawals. Adapted from the water depletion category in the ReCiPe impact assessment method.


Section 1: Goal and Scope Definition
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[bookmark: _Ref446683632][bookmark: _Toc525246199][bookmark: _Toc533009157]Methods
This section covers the data collection process, data sources, assumptions, methodology and parameters used to construct the LCI model for this study. Data used to construct the AWG and bottled water inventories are described in Section 2.1 and 2.2, respectively. Modeling procedures as well as data quality assessment and limitations are described at the end of the chapter.
For background processes such as material production, energy, and transport, ERG has used credible published LCI databases such as: the National Renewable Energy Laboratory’s (NREL) U.S. LCI and the EPA ORD LCA database. For unit processes for which public data are not available, we have cited the private data sources and disclosed as much information as possible without compromising the confidentiality of the data source. An example of a private LCI database is the Ecoinvent database (Weidema et al., 2013). Where data from the Ecoinvent database are used, we have adapted the data, so they are consistent with other data modules used in the study and representative of the energy production and transportation and, if applicable, industry practices in the U.S.
[bookmark: _Ref450136687][bookmark: _Ref525059684][bookmark: _Toc525246200][bookmark: _Toc533009158]AWG Life Cycle Inventory Data Sources
ERG collected existing data from vendors to construct the AWG inventory. Data sources and modeling assumptions are described by life cycle stage in the subsequent sections. 
[bookmark: _Toc525246201][bookmark: _Toc533009159]Capital Equipment
It is assumed that most of the composition of the AWGs is stainless steel. The weight of the AWG units for specific scales is provided by the vendors. The weight includes weight of steel, filters, UV lamps and the refrigerants. Based on the data provided by the specific vendors, the filters are replaced every six months and UV lamps every year; therefore, the number of filter and UV lamp replacements are calculated per lifetime of the unit. The lifetime of the EcoloBlue unit is 20 years and the Watergen lifetime is 10 years. Specific capital equipment weight factors used are provided in 6.Appendix A. No information on energy requirements for assembling the AWG units was available.
[bookmark: _Toc525246202][bookmark: _Toc533009160]Transportation to Point of Use
The transportation of the AWG units from the point of manufacture to the point of use is based on vendor provided information. Currently, the Watergen AWG units are manufactured in Columbia, South Carolina and those of EcoloBlue, in California. Due to the lack of primary transportation data, an average distance of 160 km (100 miles) is assumed for transportation of AWG units to the point of use. Primary mode of transportation assumed is a combination truck using the average fuel mix for the U.S. (diesel), but the openLCA model can switch to rail and/or ocean freight if applicable.
[bookmark: _Ref525073385][bookmark: _Toc525246203][bookmark: _Toc533009161]Operation
[bookmark: _Ref447116480]The operational life stage of AWG includes running the unit on grid electricity and producing water that is treated by the filtration system within each unit. The data on kWh usage by each unit to produce a liter of water, for a given scale, is provided by the vendors and is used to parameterize the model (6.Appendix A). The baseline model AWG operation uses the average U.S. electrical grid fuel mix. The current electrical grid mix consists largely of fossil fuels with highest dependency on coal (38.7 percent), followed by natural gas (27.5 percent). Nuclear energy contributes 19.5 percent to the grid and all other renewable energy sources make up 13 percent, which include hydropower, solar, wind, geothermal and biomass (U.S. EPA, 2014). Watergen has provided operational data for Gen-350 for Florida so the sub-region Florida Reliability Coordinating Council (FRCC), is incorporated in a sensitivity analysis around energy mixes. FRCC derives two-thirds of its electricity from natural gas, followed by coal, nuclear power, oil, and renewables, respectively (U.S. EPA, 2014). The renewable energy is sourced primarily from biomass, hydropower, and solar energy. Watergen has provided EPA with a medium-scale Gen-350 unit to collect operational data in Cincinnati, OH so the sub-region Reliability First Corporation West (RFCW) where Cincinnati is located is also included in the sensitivity analysis. ERG has also incorporated a scenario modeling a low emissions electricity option, which is also the location where the Ecoloblue units are manufactured. This scenario assumes that the AWG derives energy from Western Electricity Coordinating Council California (CAMX) which sources 62.5 percent of energy from natural gas, 8.4 percent from hydropower, 4.3 percent from solar, 9 percent from nuclear and only 0.4 percent from coal. The details of the resource mix for the average U.S. and the three sub-regions is shown in Table 5. A map of the eGRID subregions is also provided in Figure 6.
	[bookmark: _Ref517792452][bookmark: _Ref508879550][bookmark: _Toc524635656][bookmark: _Toc524636924][bookmark: _Toc533009185]Table 5. EPA eGRID U.S. and Three Sub-Regions Electricity Generation Resource Mix 2014

	eGRID subregion acronym
	eGRID subregion name
	Generation Resource Mix (percent)*

	
	
	Coal
	Oil
	Gas
	Other Fossil
	Nuclear
	Hydro
	Biomass
	Wind
	Solar
	Geo- thermal
	Other unknown

	U.S. Average
	38.7
	0.7
	27.5
	0.4
	19.5
	6.2
	1.6
	4.4
	0.4
	0.4
	0.1

	FRCC
	FRCC All
	21.7
	0.8
	61.4
	0.6
	12.7
	0.1
	1.9
	0.0
	0.1
	0.0
	0.7

	RFCW
	RFC West
	60
	0.5
	9.3
	0.7
	25.7
	0.6
	0.6
	2.4
	0
	0
	0.1

	CAMX
	WECC California
	0.4
	0
	62.5
	0.8
	9
	8.4
	3.4
	6.5
	4.3
	4.4
	0.3


*Percentages may not sum to 100 due to rounding.
Source: U.S. Environmental Protection Agency (EPA) (2014) Emissions & Generation Resource Integrated Database (eGRID) 2014 Summary Tables. https://www.epa.gov/energy/egrid-2014-summary-tables. 
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[bookmark: _Ref524943745][bookmark: _Toc533009203]Figure 6. Map of eGRID subregions. Arrows point to subregions assessed for AWG operation.
[bookmark: _Toc525246204][bookmark: _Toc533009162]Use and Reusable Container Washing
The primary water delivery method from the AWGs is filling bottles directly from the unit. We assume that a 16 oz reusable glass is used for delivery of the AWG water for drinking purposes and handwashed using water from the AWG when necessary. Given the significant number of potential lifetime uses of the glass, the production and disposal of the glass itself is outside of the system boundaries. Use of soap is also not included in handwashing of the glass in this study. The washing of the reusable glass is also incorporated in the scope for the multi-serve jugs. A sensitivity analysis modeling no washing of the glass is presented in Section 4.4.1.2.
[bookmark: _Toc525246205][bookmark: _Toc533009163]Disposal
[bookmark: _Ref523141183][bookmark: _Ref525059695]For the disposal of AWG units, we included the transportation of the AWG unit to the disposal site only. The assumed transportation distance is 160 km (100 miles) as vendor data on transportation distances were not available. The mode of transportation is diesel powered combination truck. Dismantling and recycling of subcomponents is outside the scope of this study. We modeled all components as recycled.
[bookmark: _Toc525246206][bookmark: _Ref525297452][bookmark: _Toc533009164]Bottled Water Life Cycle Inventory Data Sources
ERG developed the bottle water analysis using the bottled water life cycle and production of bottled water packaging materials sources as follows:

Municipal Drinking Water Treatment: Cashman, S., Gaglione, A., Mosley, J., Weiss, L., Ashbolt, N., Hawkins, T., Cashdollar, J., Xue, X., Ma, C., and Arden, S. (2014). Environmental and cost life cycle assessment of disinfection options for municipal drinking water treatment. U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-14/376
Spring Water Treatment, Reusable Jug and Plastic Bottle Assumptions: Oregon Department of Environmental Quality. (2009). Life Cycle Assessment of Drinking Water Systems: Bottle Water, Tap Water, and Home/Office Delivery Water. Franklin Associates, A Division of ERG, 09-LQ-104 
PET, LDPE, PP, HDPE Virgin Resin Production: American Chemistry Council (ACC). (2011a). Cradle-to-Gate LCI of Nine Plastic Resins and Two Polyurethane Precursors. Franklin Associates, A Division of ERG. http://plastics.americanchemistry.com/LifeCycle-Inventory-of-9-Plastics-Resins-and-4-Polyurethane-Precursors-Rpt-Only
PET Recycled Resin Production: Franklin Associates. (2011). Life Cycle Inventory of 100% Postconsumer HDPE and PET Recycled Resin from Postconsumer Containers and Packaging.
Plastic Conversion Processes: ACC. (2011b). Life Cycle Inventory of Plastic Fabrication Processes: Injection Molding and Thermoforming. Franklin Associates, A Division of ERG. https://plastics.americanchemistry.com/Education-Resources/Publications/LCI-of-Plastic-Fabrication-Processes-Injection-Molding-and-Thermoforming.pdf.
[bookmark: _Toc525246207][bookmark: _Toc533009165]LCA Modeling Procedure
Development of an LCA requires significant input data, an LCIA modeling platform, and impact assessment methods. Each unit process in the LCI was constructed independently of all other unit processes. This allows objective review of individual data sets before their contribution to the overall life cycle results has been determined. In most cases, individual unit processes were parameterized to dynamically represent multiple scales and configurations.
The model was constructed in openLCA Version 1.7.0, an open-source LCA software package provided by GreenDelta (GreenDelta, 2017). This open-source format allows seamless sharing of the LCA model between project team members. Once all necessary data including the primary data collected from the vendors and data assumed for this study were input into the openLCA software and reviewed, system models were created for each technology type, scale and configuration. The models were reviewed to ensure that each elementary flow (e.g., environmental emissions, consumption of natural resources, and energy demand) was characterized under each impact category for which a characterization factor was available. The  system models were also reviewed prior to calculating results to make certain all connections to upstream processes and weight factors were valid. LCIA results were then calculated by generating a contribution analysis for the selected treatment configuration product system based on the defined functional unit of treatment of 1 liter of drinking water. Results were exported to a dynamic Excel workbook (6.Appendix B). 
[bookmark: _Toc525246208][bookmark: _Toc533009166]Cost Analysis
This study also includes a standardized per liter cost calculation for all the systems studied. The standardized price per liter of water for AWG includes a net present cost calculation of the unit price of the AWG unit and the maintenance and energy costs over the lifetime of the AWG (ten years for Watergen units and 20 years for EcoloBlue units). This discounted cost is then used to calculate the per liter cost based on the average total volume of water produced by the AWG over its lifetime. The unit and maintenance costs are provided by the vendors and the cost of electricity is calculated for the AWGs based on the U.S. average price of electricity (10.82 cents per kWh; EIA, 2018). These costs are discussed in detail in Section 4.5. The standardized cost for bottled water is based on the unit price of a 24 pack (12 liters) for the single-serve bottle selected for the Poland Spring brand and the Poland Spring 5 gallon jug (18.9 liters). The monthly flat rate delivery charge is also included in the per liter cost of the reusable jug, but it is based on the assumption that 4 jugs are delivered in a month (this amount varies by household). In addition, 54.5 cents per mile of transporting the single-serve bottle was added to the per liter cost based on the US government standard mileage reimbursement rate (IRS, 2018).
[bookmark: _Toc525246209][bookmark: _Toc533009167]Data Quality and Limitations
[bookmark: _Toc401755174][bookmark: _Toc444685137]In accordance with the project’s Quality Assurance Project Plan (QAPP) entitled Quality Assurance Project Plan for Life Cycle Considerations and Systems Analyses of Municipal Water Sustainability Assessments approved by EPA on May 9, 2018, ERG collected existing data[footnoteRef:4] to develop the LCA and cost estimates for the study and associated sensitivity analyses. ERG evaluated the collected information for completeness, accuracy, and reasonableness. Finally, ERG performed developmental and final product internal technical reviews of the LCA and costing methodology and calculations for this study.  [4:  Existing data means information and measurements that were originally produced for one purpose that are recompiled or reassessed for a different purpose. Existing data are also called secondary data. Sources of existing data may include published reports, journal articles, LCI and government databases, and industry publications.] 

ERG input all LCI data developed into the openLCA v1.7.0 software (GreenDelta, 2017). A team member knowledgeable about the project, but who did not develop the model, reviewed the openLCA model to ensure the accuracy of the data transcribed into the software.
LCI information that falls outside of the system boundary include installation or moving the AWG from the location of delivery to the location of use such as the use of forklift etc. Assembly of the AWG unit following raw material production is excluded due to lack of available data. Also excluded are potential delivery systems such as the use of plastic disposable cups as opposed to reusable glass container for drinking water or retrofitting the delivery of water from AWG into the existing pipe infrastructure of a building. Additionally, the production and disposal of the glass container is excluded from the analysis. More general LCI limitations that readers should understand when interpreting the data and findings are as follows:
Transferability of Results. While this study is intended to inform decision-making around best options for potable water supply in times of emergencies, the data presented here relates to specific AWG vendors and bottled water available in the market. Further work is recommended to understand the variability of key parameters across different environmental conditions and parameter configurations. The results are only intended to address the specific indicators covered. Other potential benefits of the AWG system, such as accessibility in emergency conditions, are not addressed and should be investigated separately.
Representativeness of Background Data. Background processes are representative of either U.S. average data (in the case of data from U.S. EPA or U.S. LCI) or European average (in the case of Ecoinvent) data. In some cases, European Ecoinvent processes were used to represent U.S. inputs to the model due to lack of available representative U.S. processes for these inputs. The background data, however, met the criteria listed in the project QAPP for completeness, representativeness, accuracy, and reliability.
Section 2—Methods
[bookmark: _Toc459114226][bookmark: _Toc461276399][bookmark: _Toc461276400][bookmark: _Toc461276401][bookmark: _Toc461276402][bookmark: _Toc461276403][bookmark: _Toc461276404][bookmark: _Toc461276405][bookmark: _Toc461276406][bookmark: _Toc461276407][bookmark: _Toc461276408][bookmark: _Toc461276409][bookmark: _Toc461276410][bookmark: _Toc461276411][bookmark: _Toc461276467][bookmark: _Toc461276472][bookmark: _Toc461276473][bookmark: _Toc461276474][bookmark: _Toc461276475][bookmark: _Toc461276501][bookmark: _Toc459114230][bookmark: _Toc461276506][bookmark: _Toc461522211][bookmark: _Toc461276507][bookmark: _Toc461276508][bookmark: _Toc459114232][bookmark: _Toc461276547][bookmark: _Toc461522213][bookmark: _Toc461276548][bookmark: _Toc461276549][bookmark: _Toc461276550][bookmark: _Toc459114234][bookmark: _Toc461276596][bookmark: _Toc461522215][bookmark: _Toc461276597][bookmark: _Toc461276598][bookmark: _Toc461276599][bookmark: _Toc461276628][bookmark: _Toc459114236][bookmark: _Toc461276633][bookmark: _Toc461276634][bookmark: _Toc461276635][bookmark: _Toc459114238][bookmark: _Toc461276678][bookmark: _Toc461276679][bookmark: _Toc461276680][bookmark: _Toc461276681][bookmark: _Toc461276712][bookmark: _Toc459114240][bookmark: _Toc461276717][bookmark: _Toc461276718][bookmark: _Toc461276719][bookmark: _Toc461276720][bookmark: _Toc459114242][bookmark: _Toc461276756][bookmark: _Toc461276757][bookmark: _Toc461276758][bookmark: _Toc461276759][bookmark: _Toc461276795][bookmark: _Toc461276796][bookmark: _Toc461276797][bookmark: _Toc461276798][bookmark: _Toc461276834][bookmark: _Toc461276835][bookmark: _Toc461276836][bookmark: _Toc461276867][bookmark: _Toc461522278][bookmark: _Toc459114246][bookmark: _Toc461276872][bookmark: _Toc461522281][bookmark: _Toc461276873][bookmark: _Toc461276874][bookmark: _Toc461276875][bookmark: _Toc459114248][bookmark: _Toc461276911][bookmark: _Toc461522312][bookmark: _Toc459114249][bookmark: _Toc461276912][bookmark: _Toc461522313][bookmark: _Toc459114250][bookmark: _Toc461276913][bookmark: _Toc461522314][bookmark: _Toc459114251][bookmark: _Toc461276914][bookmark: _Toc461522315][bookmark: _Toc449610180][bookmark: _Toc449610181][bookmark: _Toc449610182][bookmark: _Toc449610183][bookmark: _Toc449610184][bookmark: _Toc449610185][bookmark: _Toc449610186][bookmark: _Toc449610187][bookmark: _Toc449610188][bookmark: _Toc449610189][bookmark: _Toc449610190][bookmark: _Toc449610191][bookmark: _Toc449610192][bookmark: _Toc449610193][bookmark: _Toc449610229][bookmark: _Toc449610230][bookmark: _Toc449610231][bookmark: _Toc449610232][bookmark: _Toc449610233][bookmark: _Toc449610275][bookmark: _Toc449610276][bookmark: _Toc449610277][bookmark: _Toc449610278][bookmark: _Toc449610279][bookmark: _Toc449610280][bookmark: _Toc449610281][bookmark: _Toc449610348][bookmark: _Toc449610353][bookmark: _Toc449610354][bookmark: _Toc449610355][bookmark: _Toc449610356][bookmark: _Toc449610357][bookmark: _Toc449610399][bookmark: _Toc449610400][bookmark: _Toc449610401][bookmark: _Toc449610402][bookmark: _Toc449610439][bookmark: _Toc449610444][bookmark: _Toc449610445][bookmark: _Toc449610446][bookmark: _Toc449610447][bookmark: _Toc449610448][bookmark: _Toc449610490][bookmark: _Toc449610491][bookmark: _Toc449610492][bookmark: _Toc449610493][bookmark: _Toc449610494][bookmark: _Toc449610531][bookmark: _Toc449610536][bookmark: _Toc449610537][bookmark: _Toc449610538][bookmark: _Toc449610539][bookmark: _Toc449610540][bookmark: _Toc449610582][bookmark: _Toc449610583][bookmark: _Toc449610584][bookmark: _Toc449610585][bookmark: _Toc449610586][bookmark: _Toc449610640][bookmark: _Toc449610641][bookmark: _Toc449610642][bookmark: _Toc449610643][bookmark: _Toc449610644][bookmark: _Toc449610670][bookmark: _Toc449610675][bookmark: _Toc449610676][bookmark: _Toc449610677][bookmark: _Toc449610678][bookmark: _Toc449610679][bookmark: _Toc449610715][bookmark: _Toc449610720][bookmark: _Toc449610721][bookmark: _Toc449610722][bookmark: _Toc449610723][bookmark: _Toc449610724][bookmark: _Toc461276915][bookmark: _Toc461276916]Data Accuracy and Uncertainty. In a complex study with thousands of numeric entries, the accuracy of the data and how it affects conclusions is truly a difficult subject, and one that does not lend itself to standard error analysis techniques. The reader should keep in mind the uncertainty associated with LCI models when interpreting the results. Comparative conclusions should not be drawn based on small differences in impact results. A number of sensitivity analyses were conducted to address uncertainty in the inventory inputs.
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[bookmark: _Toc447546933][bookmark: _Toc447547013][bookmark: _Toc525246210][bookmark: _Toc533009168][bookmark: _Ref449690692]Scenario and Sensitivity Analyses
LCAs inherently involve making assumptions. To test the influence of the assumptions made in an LCA model, it is important to conduct sensitivity analyses. To carry out a sensitivity analysis, the assumption of interest is changed and the entire LCA is recalculated. A sensitivity analysis helps interpret the magnitude of the effect of an assumption on the LCA results. The subsequent sections describe the sensitivity analyses conducted for the AWG and bottled water systems, respectively. Sensitivity analyses results are discussed in Section 4.4.
[bookmark: _Toc525246211][bookmark: _Ref530755207][bookmark: _Toc533009169]AWG Scenarios Evaluated
[bookmark: _Hlk510705136]ERG has included multiple options for the location of AWG use as climate conditions such as temperature and relative humidity may affect the AWG performance. Most AWGs operate well in temperatures ranging from 0 to 60 degrees Celsius and relative humidity between 25 and 100 percent. We have modeled the minimum and maximum volume produced for a range of temperature and relative humidity combinations for the AWG units and scales provided by the vendors. We also ran scenarios representing the four eGRID locations selected for the AWG units (see Section 2.1.3 for details).
The relative humidity and temperature may vary slightly for LCAs developed for AWG scales and/or vendors based on available data. The AWG performance by scale and under varying relative humidity and temperature ranges are provided in Table 6.
	[bookmark: _Ref524356079][bookmark: _Toc524636926][bookmark: _Toc533009186]Table 6. AWG Performance by Scale and Vendor

	Vendor
	Watergen
	EcoloBlue

	Scale
	Large
	Medium
	Small
	Large
	Medium
	Small

	Maximum Water Produced (L/day)
	5,000
	578
	25
	4,781
	962
	30

	Minimum Water Produced (L/day)
	3,000
	38
	15
	193
	50
	20

	Modeled value Water Produced (L/day)
	3,000
	400
	25
	3,000
	600
	30

	Relative Humidity Range (%)
	60
	20-70
	60
	30-80
	30-80
	0-60

	Temperature Range (°C)
	26.7
	15-40
	26.7
	0-55
	0-55
	25-100




For the washing of the glass container, the scenarios include handwashing and no washing of the container. Handwashing (baseline) was modeled assuming 8 oz of water are required for each washing cycle of the 16 oz glass. The handwashing of the reusable glass is also incorporated in the scope for the multi-serve jugs. 
	[bookmark: _Ref524355299][bookmark: _Toc524636927][bookmark: _Toc533009187]Table 7. Summary of AWG Scenarios

	 
	WaterGen
	EcoloBlue

	Scale
	
	

	Large
	
	

	Medium
	
	

	Home/office
	
	

	Electrical Grid Mix
	
	

	U.S. Average
	
	

	FRCC
	
	

	RFCW
	
	

	CAMX
	
	

	Water Production (function of relative humidity and temperature)
	
	

	Minimum*
	
	

	Average*
	
	

	Maximum*
	
	

	Reusable Container Washing Method
	
	

	Handwash§
	
	

	No washing
	
	


*The values of minimum, maximum and average values included in the model are shown in Table 6.
§Handwashing is modeled as using half the volume of the reusable glass for input water 

[bookmark: _Toc525246212][bookmark: _Toc533009170]Bottled Water Scenarios Evaluated
We have studied several scenarios around key assumptions in the bottled water analysis. All scenario results are compared to the AWG findings. The bottled water scenarios are shown in Table 8. The scenarios evaluated include washing methods of the reusable container (handwash versus no wash) for the multi-serve option, transport distances for delivering multi-serve water bottles, weights of the single-serve lightweight bottle, recycled content of the single-serve bottle (virgin versus ten percent), the recycling allocation methods (cut-off versus system expansion) and the source of water (spring water or treated municipal water) for filling the bottles. 
The baseline scenario models lightweight single-serve bottles (9.3 grams and 10.9 grams) with virgin PET or zero recycled content. All recycled content or material recycling are modeled using the cut-off recycling allocation method (described below). The baseline analysis includes a 24-count multipack of single-serve bottles configured with shrink wrap and assumes the transport distance of the filled bottle to the consumer as an estimated 100 miles for the single-serve bottle and 75 miles for the multi-serve bottle based on the assumptions made in a life cycle assessment study by the State of Oregon Department of Environmental Quality, on drinking water systems (ORDEQ, 2009). The baseline analysis assumes that the water is derived from a spring and includes additional water treatment steps at the filling location such as ultrafiltration, ozone treatment, and UV treatment. The baseline analysis assumes 40 reuses of the HOD jug and that the reusable glass used in combination with the HOD jug is washed in by hand after use (ORDEQ, 2009).
	[bookmark: _Ref524357298][bookmark: _Toc524636928][bookmark: _Toc533009188]Table 8. Bottled Water Scenarios

	 
	Single-Serve Water Bottle
	Multi-Serve Water Bottle

	Reusable Container Washing Method
	
	

	Handwash*
	
	

	No Washing
	
	

	Transport Distance§
	
	

	Maximum (125 mi)
	
	

	Average (75 mi)*
	
	

	Minimum (25 mi)
	
	

	Bottle Weight (lightweight)
	
	

	Minimum (9.3 g)*
	
	

	Maximum (10.9g)
	
	

	Bottle Recycled Content
	
	

	0%*
	
	

	10%
	
	

	Recycling Allocation Method
	
	

	Cut-off*
	
	

	System Expansion
	
	

	Bottled Water Source
	
	

	Spring Water*
	
	

	Treated Municipal Water
	
	


*Baseline scenario, §ORDEQ, 2009


The details of the bottled water baseline and sensitivity analyses are listed below:
Bottle weight: single-serve bottle weights vary by brand, with some brands lightweighting PET bottled water packaging. Sampled primary packaging weights for 500 ml bottled water range from 9.3 grams to 23.4 grams. North American brands, most likely used for emergency response conditions, are typically lightweighted in the 500 ml single-serve size. Sensitivity analyses are not conducted for heavier PET bottles. The heavier PET bottles sampled typically represented premium bottled water options such as international spring and artesian water. Bottle weight is not varied in the multi-serve option.
Bottle recycled content and recycling allocation method: A recycled content up to 10% is often seen in North American single-serve PET water bottles (McKay, 2008). We have included a sensitivity analysis with up to 10% recycled content in the single-serve bottles. When including recycled content, multiple approaches are available to partition (or allocate) impacts between the useful lives of a material. The cut-off approach is used in the baseline analysis. Under this approach, distinct boundaries are drawn between the initial use of the material and subsequent uses of the material after recovery and recycling (U.S. EPA, 1993). All virgin material production burdens are assigned to the first use of the material, and the burdens assigned to the recycled system begin with recovery of the postconsumer material. For containers that are recycled at end of life, all of the burdens for material recovery, transport, separation and sorting, and reprocessing are assigned to the next system using the recycled material. Burdens associated with the final disposal of the product are assigned to the last useful life of the product. We have incorporated an alternative system expansion recycling allocation approach in the analysis. In the system expansion approach, the container system boundaries are expanded to include collection and reprocessing of postconsumer containers, as well as the net virgin material displacement or inputs required, based on the balance between the container system’s closed-loop recycled content and closed-loop recycling rate (ISO, 2006b). The types and quantities of materials that are displaced by the recovery and secondary processing of post-consumer container material determine the types and quantities of avoided environmental burdens. Inclusion of recycled content is only modeled in a sensitivity analysis for the single-serve bottle. Recycling allocation is incorporated as a sensitivity analysis for both the single-serve and multi-serve options.
Filled bottle transport distance: A sensitivity analysis is conducted for the multi-serve bottle option varying the transport distance ± 50 miles from the baseline. Both a shorter distance of 25 miles, and a longer distance of 125 miles is modeled for comparison.
Bottle water treatment steps: The baseline analysis models the source of the bottled water as extracted spring water with additional steps of ultrafiltration, ozone and UV treatment (ORDEQ, 2009). Many bottled water brands in the U.S. package spring water, which is from onsite underground formations and is not derived from municipal water treatment. Additionally, water purification steps at the filling plant tend to be less intensive for spring water. An alternative source of purified municipal water is modeled in a sensitivity analysis (Cashman et al., 2014). This sensitivity analysis is conducted for both the single-serve and multi-serve options.
Reusable glass washing option: A sensitivity analysis is conducted assuming the reusable glass for the multi-serve jug option is either hand washed after use or not washed at all. 
Section 6: Summary Baseline Results
Section 4: LCA Results
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[bookmark: _Toc525246213][bookmark: _Toc533009171][bookmark: _Ref454187344]LCA Results
LCA results for this study are provided in a companion Excel results calculator (Appendix B). An image of the selection of input values for the results calculator is depicted in Figure 7. Users can select from available sensitivity analysis parameter values in the green highlighted cells. Section 4.1 through 4.3 highlight analysis findings from generating results with this calculator using the default (i.e., baseline) parameter values. Minimum and maximum impact results are also generated to understand the range of findings. Section 4.4 provides additional sensitivity analysis results, while Section 4.5 provides comparative cost findings.
[image: ]
[bookmark: _Ref524962444][bookmark: _Toc533009204]Figure 7. Input values for the Appendix B results calculator. Available parameter values can be selected from the dropdowns in the green highlighted cells.
[bookmark: _Ref524965133][bookmark: _Toc525246214][bookmark: _Toc533009172]Summary Baseline Comparative Results on an Equivalent Volume of Water Delivered Basis
Figure 8 and Table 9 display the summary baseline LCA results. Table 10 and Table 11 show summary impacts under the maximum and minimum impacts scenarios. The maximum scenario includes treated municipal water for the product (bottled water), handwashing (reusable glass), RFCW electrical grid (AWG operation), maximum bottle weight and transport distance, and virgin content (single-serve bottle). The minimum scenario includes spring water for the product (bottled water), no washing (reusable glass), CAMX electrical grid (AWG operation), minimum bottle weight and transport distance, and ten percent recycled content (single-serve bottle). It is clear from Figure 8 that across all impact categories except water consumption, the multi-serve reusable jug option has the lowest impacts compared to the single-serve bottled water and the two AWG options studied. Water consumption is higher for the multi-serve jug due to water used for the reusable glass handwashing. Figure 8 also reveals that under the baseline conditions the AWG systems generally have higher impacts as compared with the bottled water systems. Of the two AWG vendors, Ecoloblue large scale and medium scale units show the highest impacts across all categories in the baseline scenario. Only under the minimum impacts scenario, impacts including acidification potential, smog formation potential and solid waste by weight are higher for the single-serve bottled water system as compared to the AWGs and the reusable jug (see Table 11). The error bars in Figure 8 show the range of impacts between the scenario with the highest impacts and the scenario with the lowest impacts. The errors are calculated as the average of the two extremes with respect to the maximum of each impact category in the default scenario. The Ecoloblue large and medium scale units also have the longest error bars showing a large variability in the highest and lowest impact scenarios primarily due to the electrical grid used. The scope, range and variability of data points available for medium scale Watergen and Ecoloblue units is also reflected in the length of the error bars. The home/office scale units of the two vendors perform almost equivalently in terms of assessed impacts.


H/O = home office scale; LS = large scale; MS = medium scale
[bookmark: _Ref524514741][bookmark: _Toc533009205]Figure 8. System comparison of life cycle impacts for large, medium and home/office scale for Watergen and Ecoloblue AWG venders along with the single-serve and multi-serve bottled water systems. Error bars show the range of impacts between the maximum and minimum impact scenarios for all systems as compared to the default scenario.
	[bookmark: _Ref524964504][bookmark: _Toc533009189]Table 9. Summary Baseline LCA Results (per Liter Water Delivered)

	Impact Category
	Unit
	Total Impacts Per Liter

	
	
	Single-serve bottle
	Reusable Jug
	Watergen (Large Scale)
	Watergen (Medium Scale)
	Watergen (Home/Office Scale)
	EcoloBlue (Large Scale)
	EcoloBlue (Medium Scale)
	EcoloBlue(Home/ Office Scale)

	Acidification Potential
	kg SO2 eq
	5.08E-04
	2.30E-04
	2.16E-03
	2.05E-03
	1.87E-03
	2.59E-03
	2.53E-03
	1.86E-03

	Cumulative Energy Demand
	MJ
	2.54E+00
	9.32E-01
	5.64E+00
	5.35E+00
	4.88E+00
	6.75E+00
	6.60E+00
	4.86E+00

	Eutrophication Potential
	kg N eq
	1.83E-05
	1.21E-05
	4.11E-05
	4.64E-05
	4.40E-05
	4.58E-05
	4.66E-05
	3.76E-05

	Fossil Fuel Depletion
	kg oil eq
	5.40E-02
	2.01E-02
	1.06E-01
	1.01E-01
	9.17E-02
	1.27E-01
	1.24E-01
	9.13E-02

	Global Warming Potential
	kg CO2 eq
	1.18E-01
	6.06E-02
	3.52E-01
	3.34E-01
	3.06E-01
	4.20E-01
	4.11E-01
	3.03E-01

	Particulate Matter Formation Potential
	kg PM2.5 eq
	2.98E-05
	1.64E-05
	1.17E-04
	1.15E-04
	1.06E-04
	1.38E-04
	1.36E-04
	1.01E-04

	Smog Formation Potential
	kg O3 eq
	7.87E-03
	4.91E-03
	1.94E-02
	1.85E-02
	1.69E-02
	2.32E-02
	2.27E-02
	1.67E-02

	Solid Waste by Weight
	kg SW eq
	2.18E-02
	1.58E-03
	3.98E-02
	3.75E-02
	3.41E-02
	4.78E-02
	4.66E-02
	3.41E-02

	Water Consumption
	liter H2O
	1.62E+00
	2.03E+00
	3.66E+00
	3.55E+00
	3.38E+00
	4.09E+00
	4.03E+00
	3.36E+00




	[bookmark: _Ref533004546][bookmark: _Toc533009190]Table 10. Summary of Maximum Impact Scenario Results (per Liter Water Delivered)

	Impact Category
	Unit
	Total Impacts Per Liter

	
	
	Single-serve bottle
	Reusable Jug
	Watergen (Large Scale)
	Watergen (Medium Scale)
	Watergen (Home/Office Scale)
	EcoloBlue (Large Scale)
	EcoloBlue (Medium Scale)
	EcoloBlue(Home/ Office Scale)

	Acidification Potential
	kg SO2 eq
	5.53E-04
	2.84E-04
	3.54E-03
	3.35E-03
	3.05E-03
	4.25E-03
	4.15E-03
	3.04E-03

	Cumulative Energy Demand
	MJ
	2.44E+00
	1.05E+00
	6.33E+00
	5.99E+00
	5.48E+00
	7.59E+00
	7.41E+00
	5.46E+00

	Eutrophication Potential
	kg N eq
	2.07E-05
	1.57E-05
	5.70E-05
	5.96E-05
	5.99E-05
	6.64E-05
	6.60E-05
	5.35E-05

	Fossil Fuel Depletion
	kg oil eq
	5.14E-02
	2.32E-02
	1.31E-01
	1.24E-01
	1.13E-01
	1.57E-01
	1.53E-01
	1.13E-01

	Global Warming Potential
	kg CO2 eq
	1.22E-01
	7.20E-02
	4.62E-01
	4.38E-01
	4.01E-01
	5.53E-01
	5.40E-01
	3.99E-01

	Particulate Matter Formation Potential
	kg PM2.5 eq
	3.20E-05
	1.51E-05
	1.82E-04
	1.75E-04
	1.63E-04
	2.17E-04
	2.12E-04
	1.58E-04

	Smog Formation Potential
	kg O3 eq
	8.32E-03
	7.01E-03
	2.97E-02
	2.81E-02
	2.57E-02
	3.56E-02
	3.48E-02
	2.56E-02

	Solid Waste by Weight
	kg SW eq
	2.43E-02
	2.03E-03
	6.82E-02
	6.43E-02
	5.85E-02
	8.18E-02
	7.99E-02
	5.85E-02

	Water Consumption
	liter H2O
	1.91E+00
	2.40E+00
	2.80E+00
	2.74E+00
	2.64E+00
	3.05E+00
	3.02E+00
	2.62E+00



	[bookmark: _Ref533004569][bookmark: _Toc533009191]Table 11. Summary of Minimum Impact Scenario Results (per Liter Water Delivered)

	Impact Category
	Unit
	Total Impacts Per Liter

	
	
	Single-serve bottle
	Reusable Jug
	Watergen (Large Scale)
	Watergen (Medium Scale)
	Watergen (Home/Office Scale)
	EcoloBlue (Large Scale)
	EcoloBlue (Medium Scale)
	EcoloBlue(Home/ Office Scale)

	Acidification Potential
	kg SO2 eq
	4.96E-04
	9.52E-05
	2.64E-04
	4.06E-04
	2.48E-04
	3.87E-04
	3.82E-04
	2.33E-04

	Cumulative Energy Demand
	MJ
	2.43E+00
	3.88E-01
	3.51E+00
	3.71E+00
	3.06E+00
	4.40E+00
	4.30E+00
	3.04E+00

	Eutrophication Potential
	kg N eq
	1.78E-05
	4.97E-06
	1.28E-05
	1.05E-04
	2.32E-05
	5.57E-05
	5.93E-05
	1.52E-05

	Fossil Fuel Depletion
	kg oil eq
	5.15E-02
	8.10E-03
	6.16E-02
	6.52E-02
	5.39E-02
	7.73E-02
	7.55E-02
	5.34E-02

	Global Warming Potential
	kg CO2 eq
	1.15E-01
	2.41E-02
	1.78E-01
	2.08E-01
	1.59E-01
	2.34E-01
	2.27E-01
	1.55E-01

	Particulate Matter Formation Potential
	kg PM2.5 eq
	2.89E-05
	7.84E-06
	2.27E-05
	8.29E-05
	2.70E-05
	5.38E-05
	5.52E-05
	2.11E-05

	Smog Formation Potential
	kg O3 eq
	7.66E-03
	1.58E-03
	4.86E-03
	6.62E-03
	4.44E-03
	6.74E-03
	6.64E-03
	4.27E-03

	Solid Waste by Weight
	kg SW eq
	2.16E-02
	8.28E-04
	1.88E-03
	1.77E-03
	1.61E-03
	2.25E-03
	2.20E-03
	1.61E-03

	Water Consumption
	liter H2O
	1.62E+00
	1.32E+00
	2.62E+00
	2.71E+00
	2.42E+00
	3.03E+00
	2.98E+00
	2.40E+00



[bookmark: _Toc525246215][bookmark: _Toc533009173]Baseline Results Atmospheric Water Generator
The baseline percent contribution results for the LCA of AWG systems of Watergen and Ecoloblue show higher impacts for all impact categories in the operational stage of the life cycle as compared to two select life cycle stages of manufacturing of the equipment and reusable container washing. Reusable container washing sources water from the AWG, so these impacts are approximately half of AWG operation (assuming half the volume of the reusable glass is used for washing). The operation of the AWG is an energy intensive process and the impacts can be mitigated to some extent by using a low emissions electric grid option (CAMX, see sensitivity analysis for AWG systems). As a comparison between the two vendors of AWG, Ecoloblue has higher overall impacts as compared with Watergen except for eutrophication potential and particulate matter formation potential in the capital equipment stage. This is due to the longer lifetime estimated for the Ecoloblue systems. The life cycle stages not shown here (transportation to point of use and disposal) have negligible impacts on the LCA results.


[bookmark: _Toc533009206]Figure 9. Watergen percent contribution to life cycle stage by impact category.

[bookmark: _Toc533009207]Figure 10. Ecoloblue percent contribution to life cycle stage by impact category.

[bookmark: _Toc447546956][bookmark: _Toc447547036][bookmark: _Ref524965156][bookmark: _Toc525246216][bookmark: _Toc533009174]Baseline Results Bottled Water
For single-serve bottles, raw material production has the highest contribution to most impact categories especially fossil fuel depletion and cumulative energy demand (Table 12). The end of life contributes most to the solid waste generated by weight as 68.7 percent of the bottles are disposed, with 82.2 percent of disposed packaging being landfilled in the U.S. (U.S. EPA, 2016). For HOD, transportation of filled jugs to the user and transportation of empty jugs from the user contributes most to impact categories including smog formation potential, global warming potential and fossil fuel depletion (Table 13). Water treatment shows high water consumption for both systems since the product water is incorporated in this stage.
	[bookmark: _Ref524449806][bookmark: _Toc524636929][bookmark: _Toc533009192]Table 12. Single-serve Bottled Water Percent Contribution to Life Cycle Stage by Impact Category

	Category
	Raw Material Production
	Conversion
	Water Treatment
	Filling
	Transportation to Retail
	Closure Life Cycle
	Label Life Cycle
	Secondary Packaging Life Cycle
	Bottle End-of-Life

	Acidification Potential
	39%
	36%
	0%
	1%
	12%
	6%
	3%
	4%
	0%

	Cumulative Energy Demand
	51%
	16%
	0%
	0%
	8%
	9%
	4%
	11%
	0%

	Eutrophication Potential
	49%
	20%
	3%
	0%
	18%
	4%
	2%
	3%
	1%

	Fossil Fuel Depletion
	53%
	15%
	0%
	0%
	9%
	8%
	4%
	10%
	0%

	Global Warming Potential
	43%
	22%
	0%
	0%
	12%
	7%
	3%
	9%
	4%

	Particulate Matter Formation Potential
	45%
	31%
	0%
	1%
	9%
	6%
	3%
	5%
	1%

	Smog Formation Potential
	40%
	26%
	0%
	0%
	22%
	5%
	2%
	4%
	1%

	Solid Waste by Weight
	12%
	13%
	0%
	0%
	1%
	8%
	6%
	11%
	49%

	Water Consumption
	11%
	10%
	72%
	0%
	2%
	2%
	1%
	2%
	0%



	[bookmark: _Ref524450327][bookmark: _Toc524636930][bookmark: _Toc533009193]Table 13. Multi-Serve Bottled Water Percent Contribution to Life Cycle Stage by Impact Category

	Category
	Raw Material Production
	Conversion
	Water Treatment
	Filling
	Transportation to and from User
	Closure Life Cycle
	Reusable Container Washing
	Jug Washing
	Jug Recycling

	Acidification Potential
	11%
	4%
	0%
	1%
	38%
	5%
	33%
	7%
	0%

	Cumulative Energy Demand
	12%
	3%
	0%
	1%
	38%
	9%
	33%
	5%
	0%

	Eutrophication Potential
	12%
	1%
	5%
	0%
	38%
	2%
	33%
	8%
	0%

	Fossil Fuel 
Depletion
	12%
	2%
	0%
	1%
	40%
	8%
	33%
	4%
	0%

	Global Warming Potential
	14%
	3%
	0%
	1%
	40%
	5%
	33%
	4%
	0%

	Particulate Matter Formation Potential
	25%
	3%
	0%
	1%
	28%
	4%
	33%
	5%
	0%

	Smog Formation Potential
	7%
	2%
	0%
	1%
	52%
	3%
	33%
	3%
	0%

	Solid Waste by Weight
	0%
	11%
	1%
	3%
	21%
	11%
	33%
	18%
	0%

	Water Consumption
	1%
	0%
	58%
	0%
	2%
	1%
	33%
	5%
	0%



[bookmark: _Ref524950725][bookmark: _Ref524965166][bookmark: _Ref525039328][bookmark: _Toc525246217][bookmark: _Toc533009175]Sensitivity Analysis Results
This section covers three sensitivity analyses for the AWG systems LCA and four sensitivity analyses for the bottled water LCA:
Sensitivity Analyses for AWG Systems:
Variation across four electrical grid mix options
Reusable container washing method
Water production

Sensitivity Analyses for Bottled Water Systems:
1. Weight options for 16.9 oz bottle (with and without recycled content)
[bookmark: OLE_LINK1]Variation in transport distances for re-usable jug
Recycling allocation method (system expansion versus cut-off)
Bottled water source (spring water vs. treated municipal water)
[bookmark: _Toc525246218][bookmark: _Toc533009176]Sensitivity Analyses for AWG Systems
Variation across four grid mix options
This sensitivity analysis includes four electrical grid mix options in order to compare the effect of using a variety of electrical grids to represent a variety in locations of use and a range of resource mixes. We analyzed the impacts of using four eGRID subregion options: Average U.S. (baseline), RFCW (maximum impact option), FRCC and CAMX (low impact option) to operate the AWGs at their average water production volumes per day. This sensitivity analysis highlights the variation in impacts for all scales in the operational stage of their lifecycles. The impacts are calculated on per day bases. Table 14 shows the electricity impacts per kWh of electricity derived from each of the eGRID subregion options. RFCW has the highest cumulative energy demand and global warming potential due to high coal and nuclear resource percentage, whereas, CAMX has the highest water consumption due to high energy contribution from hydropower because evaporative losses from establishment of dams is included. The two AWG product systems were modeled to operate under the four eGRID subregions and the daily impacts of the large- and medium-scale units on select categories are shown in Figure 11. The impacts are from the different volumes of water produced and are generally higher for the Ecoloblue AWGs for the large and medium scales units due to EcoloBlue reporting higher kWh/L values for operation. The results are less significant from the small scale AWGs, thus, not shown. The RFCW option has the highest cumulative energy demand and global warming potential whereas global warming potential and cumulative energy demand are lowest under the CAMX option, although it has the highest water consumption of all four options due to the prevalence of hydro-based electricity in this option. 
	[bookmark: _Ref524529369][bookmark: _Ref524529363][bookmark: _Toc524636931][bookmark: _Toc533009194]Table 14. Regional Electricity Impacts per kWh

	Impact category
	Unit
	US Average
	RFCW
	FRCC
	CAMX

	Acidification Potential
	kg SO2 eq
	4.09E-03
	6.73E-03
	2.33E-03
	7.32E-04

	Cumulative Energy Demand
	MJ eq
	1.07E+01
	1.20E+01
	1.14E+01
	9.96E+00

	Eutrophication Potential
	kg N eq
	6.57E-05
	1.01E-04
	5.28E-05
	2.40E-05

	Fossil Fuel Depletion
	kg oil eq
	2.01E-01
	2.49E-01
	2.62E-01
	1.75E-01

	Global Warming Potential
	kg CO2 eq
	6.63E-01
	8.76E-01
	7.82E-01
	5.02E-01

	Particulate Matter Formation Potential
	kg PM2.5 eq
	2.15E-04
	3.41E-04
	1.71E-04
	5.65E-05

	Smog Formation Potential
	kg O3 eq
	3.67E-02
	5.64E-02
	2.94E-02
	1.36E-02

	Solid Waste by Weight
	kg
	7.58E-02
	1.30E-01
	3.15E-02
	5.36E-03

	Water Consumption
	liter H2O
	4.10E+00
	2.46E+00
	5.63E-01
	4.61E+00




[bookmark: _Ref524530909][bookmark: _Ref524530902][bookmark: _Toc533009208]Figure 11. Impacts per day of large and medium scale AWG operation with Average U.S., RFCW, FRCC and CAMX eGRID locations shown as percent of maximum for select impact categories.

[bookmark: _Ref524952102]Reusable Container Washing Method
For the AWG systems, impacts decrease for all categories approximately 33% when shifting from handwashing of the reusable container to no washing. Impacts are affected universally, as the water used for washing in an emergency situation is assumed to be generated by the AWG unit.

Water Produced per Day
This sensitivity analysis compares the impacts associated with maximum daily water production and minimum daily water production. Figure 12 shows the impacts associated with the average volume of water produced daily by the AWGs for all three scales and both vendors, as a percent of maximum impact in each impact category. The error bars show the variability in impacts associated with the maximum and minimum water produced by each AWG. The errors are calculated as the average of the maximum and minimum impacts for each impact category for each AWG vendor and scale. The highest variability is seen for Watergen medium scale and EcoloBlue large and medium scale AWGs particularly for the cumulative energy demand, water consumption, and global warming potential. The vendors provided detailed performance data for the daily volume produced by these three AWGs, which is why the variability in impacts is larger as compared to the other three AWGs for which the detailed performance data was not available. Because operational data is a static kWh usage per L, the actual electricity for operation does not vary on a functional unit basis. The difference in the results shown here are, therefore, primarily related to capital equipment requirements after standardization over total AWG lifetime water production.

[bookmark: _Ref525120866][bookmark: _Toc533009209]Figure 12. Percent of maximum impacts of average daily water produced with error bars showing the range of impacts associated with maximum and minimum daily water produced.
[bookmark: _Toc525246219][bookmark: _Toc533009177]Sensitivity Analyses for Bottled Water Systems
Weight Options for 16.9 oz Single-serve Bottle (with and without Recycled Content)
Two lightweight bottles were assessed in this sensitivity analysis, each using virgin PET and up to 10% recycled content, respectively. The default lightweight 16.9 oz bottle weights 9.3 grams (minimum) and has no recycled content. The sensitivity analysis includes comparison with a 9.3 gram bottle with 10% recycled content, a 10.9 gram bottle (maximum) made with virgin PET and a 10.9 gram bottle with 10% recycled content. The percentage change in impacts from switching from the default weight and recycled content to the three options discussed is shown in Figure 13. Adding recycled content further reduces the impacts for the 9.3 gram bottle system, however increasing the weight of the bottle even slightly increases impacts across all impact categories. Adding 10% recycled content still makes the reusable jug a desirable alternative except in the case of handwashing whereas the reusable jug has higher water consumption as compared with the single-serve bottle. Including recycled contents in the bottles reduced greenhouse gas emissions and energy demanded as compared to manufacturing bottles from virgin PET. As compared with the AWGs systems, the impacts associated with all four scenarios of the single-serve bottle (weight and recycled content) are higher than those of AWG of both vendors for acidification potential, eutrophication potential, particulate matter formation, smog formation, and solid waste by weight impact categories if the AWGs are using CAMX energy mix and producing any (minimum, maximum or average) daily volume of water. Using a reduced emissions energy mix option does make AWG a lower impact alternative to single-serve bottled water for select impact categories (see Appendix B for the results). 


[bookmark: _Ref524624450][bookmark: _Toc533009210]Figure 13. Sensitivity to bottle weights of 9.3g (minimum) and 10.9g (maximum) and recycled contents (RC) of 0 percent and 10 percent.

Variation in Transport Distances for Reusable Jug
In the baseline analysis, the use of diesel-based transportation of reusable bottled water shows high impacts across all impact categories especially smog formation potential, global warming potential and fossil fuel depletion, so we carried out a sensitivity analysis for the transportation distance. The default assumption is 75 miles and we studied the impacts of a longer (maximum) distance of 125 miles and a shorter (minimum) distance of 25 miles. Figure 14 shows the percentage change in impacts if a minimum or maximum distance were chosen instead of the default 75 miles. The figure highlights that impacts across all impact categories increase if the distance is increased and decrease with a shorter distance travelled to and from the users. These impacts are higher for transportation of a filled jug from the plant to the user as opposed to the transportation of empty jugs from user to the plant. When comparing results of this sensitivity analysis to the AWG LCA results, the overall impacts of the reusable jug with maximum transportation distance scenario remain low for all categories except for smog formation potential under the CAMX grid mix scenario and water consumption under the FRCC scenario for AWGs producing maximum daily volume of water (see Appendix B for the results). 

[bookmark: _Ref524625146][bookmark: _Toc533009211]Figure 14. Sensitivity to transportation distance of reusable jug to and from the user.

Recycling Allocation Method (System Expansion versus Cut-off)
Using system expansion to include recycling of bottles instead of the cut-off method provides significant reduction in cumulative energy demand and global warming potential, but an increase in water consumption for both the single-serve and multi-serve bottle system as highlighted in Table 15. System expansion incorporates avoided virgin product credit where the product (bottle) is given "credit" for the potential recycled material included, which displaces the need for virgin PET production. Water consumption is higher because system expansion also incorporates recycling burdens at end of life. The washing of the flake during the recycling processes, in order to manufacture a product that is able to displace virgin material, is a water intensive process.

	[bookmark: _Ref525075662][bookmark: _Toc533009195]Table 15. Sensitivity to Recycling Allocation Method for the Single-Serve and Multi-serve Bottled Water Systems for Select Impact Categories when Shifting to System Expansion (per Liter Water Delivered)

	Impact category
	Units
	Cut-off
	System Expansion
	
	Cut-off
	System Expansion
	

	
	
	Single-serve bottle
	Single-serve bottle
	% change

	Reusable Jug
	Reusable Jug
	% change 


	Cumulative Energy Demand
	MJ
	2.54E+00
	2.19E+00
	-13.58%
	9.32E-01
	6.90E-01
	-25.93%

	Global Warming Potential
	kg CO2 eq
	1.18E-01
	1.09E-01
	-7.55%
	6.06E-02
	4.68E-02
	-22.72%

	Water Consumption
	liter H2O
	1.62E+00
	1.62E+00
	     0.10%
	2.01E+00
	1.83E+00
	-9.40%




Bottled Water Source (Spring Water vs. Treated Municipal Water)
The percent change in select impacts from using treated municipal water instead of spring water is highlighted in Table 16 for both bottled water systems. The impacts of using treated municipal water are higher for both systems for select impact categories of cumulative energy demand, global warming potential and water consumption. Water consumption is higher because treated municipal water has significant losses during distribution (in piping system from drinking water treatment plant to filling plant) and the treatment process is more energy intensive than the treatments carried out for using spring water.
[bookmark: _Ref525246807][bookmark: _Toc533009196]Table 16. Sensitivity to the Source of Water for the Single-serve and Multi-serve Bottled Water Systems for Select Impact Categories when Shifting to Municipal Water Treatment
	Impact category
	Single-serve bottle
	Reusable Jug

	
	% change
	% change

	Cumulative Energy Demand
	0.32%
	1.29%

	Global Warming Potential
	0.43%
	1.25%

	Water Consumption
	14.01%
	16.82%



[bookmark: _Ref524965192][bookmark: _Ref525068757][bookmark: _Toc525246220][bookmark: _Toc533009178]Price Comparison between Systems
This section calculates a standardized price for both the AWG and the bottled water per liter bases shown in Table 17. The standardized price per liter of water for AWG includes a net present cost calculation of the unit price of the AWG unit and the maintenance and energy costs over the lifetime of the AWGs (ten years for Watergen units and 20 years for EcoloBlue units). This discounted cost is then used to calculate the per liter cost based on the average total volume of water produced by the AWG over its lifetime. The unit and maintenance costs are provided by the vendors and the annual discounted price of electricity is calculated based on the U.S. average price of electricity (10.82 cents per kWh, EIA 2018). An AWG unit can be used for multiple long-term emergency situations and locations over its lifetime but that does not affect its initial unit price, annual maintenance cost and the price of electricity. It can be safely assumed that the per liter cost of water produced by an AWG will remain the same no matter where it is being used in the country. If the AWG unit remains idle for a long period of time that can reduce its operational cost over its lifetime but the maintenance would have to be carried out regardless of the duration of use.

The standardized cost for bottled water is based on the unit price of a 24 pack (12 liters) for the single-serve bottle selected for the Poland Spring brand and the Poland Spring 5 gallon jug (18.9 liters). The monthly flat rate delivery charge is also included in the per liter cost of the reusable jug, but it is based on the assumption that 4 jugs are delivered in a month (this amount varies by household). In addition, 54.5 cents per mile of transporting the single-serve bottle was added to the per liter cost based on the US government standard mileage reimbursement rate (IRS, 2018). It is understood that during a long-term emergency situation the bottled water is typically provided by the local or state government and the price is not the same as that paid by consumers in a grocery store. The cost analysis is based on the grocery store and vendor prices as data is not available for the prices the government is charged in emergency situations.

While AWGs require significant upfront capital compared to bottled water, costs compared to bottled water are lower when standardized over the useful life of the AWG unit.
	[bookmark: _Ref525246845][bookmark: _Ref524769103][bookmark: _Toc533009197]Table 17. Standardized Costs per Liter of Water

	Product
	Type
	Unit cost ($)
	Annual maintenance cost ($)
	AWG (kWh/L)
	Electricity Cost per Liter*
	Total cost per liter ($)

	AWG – Watergen
	Large
	115,000
	7,866
	0.35
	0.04
	0.09

	AWG – Watergen
	Medium
	55,000
	2,500
	0.33
	0.04
	0.14

	AWG – Watergen
	Home/Office
	1,250
	288
	0.3
	0.03
	0.13

	AWG – Ecoloblue
	Large
	159,700
	3,767
	0.42
	0.05
	0.06

	AWG – Ecoloblue
	Medium
	30,750
	870
	0.41
	0.04
	0.06

	AWG – Ecoloblue
	Home/Office
	799
	288
	0.3
	0.03
	0.07

	Bottled water
	Single-serve†
	4.49
	-
	-
	
	0.38§

	Bottle water
	Multi-serve†
	7.49
	6.95‡
	-
	
	0.49


*U.S. average price of electricity for commercial use in June 2018 was 10.82 cents per kWh (EIA, 2018)
§Includes water transportation cost based on the U.S. government standard mileage reimbursement rate (IRS, 2018)
†Price of single-serve bottles is calculated for a 24 pack/12L and price of multi-serve jug is for 5gallons/18.9L
‡ Monthly delivery cost which is a flat rate, we assumed monthly consumption of 4 jugs
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[bookmark: _Toc525246221][bookmark: _Toc533009179]Conclusions and Next Steps
This section presents some conclusions from the study for bottled water systems in comparison with the atmospheric water generators as two emergency response options for potable drinking water. Generally, the environmental impact results show that bottled water, specifically reusable 5-gallon jugs, have lower environmental impacts as source of potable water in emergency situations compared to AWGs. Conversely, AWG costs may be lower than bottled water when considering costs over the entire lifetime of the unit. Some of the key results are listed below:
The energy requirements for operation of AWGs dominate life cycle impacts.
· Notable reductions in AWG impacts are achievable through utilization of low impact electrical grids.
· This study did not model a fully renewable electrical option. This could be explored to reduce AWG environmental impacts.
Raw material production and conversion stages dominate life cycle impacts for the single-serve bottle system. 
· Use of a lightweight PET bottle with recycled content improves the overall performance of these single-serve systems.
· Lightweighting bottles reduces impacts across all life cycle stages including raw material production, conversion, transport, and disposal at end-of-life.
· This study only considered truck transport of the single-serve bottles (100 mi from filler to use point). Transport could have a higher impact if bottles are required to be sent by a different mode of transport, such as a plane, to emergency response locations.
Transportation of bottle to and from the user is significant across several impact categories for the HOD jug system. The HOD jug system is also sensitive to the washing method used for the water delivery glass.
The cost per liter of water from the AWG system is lower compared to the bottled water system as the costs have been calculated over the lifetime of the AWG units.
Addition of short-term weather-related emergency situations such as drought, tornados and hurricanes may be considered in future project steps.
AWG alternatives with connectivity to off grid options such as solar or wind power sources may be studied and compared with bottled water systems in future project steps.
Use of aviation to provide bottled water in remote and inaccessible locations may be added as a scenario in future analyses.

Section 5: Conclusions and Next Steps
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[bookmark: _Ref508281524][bookmark: _Ref525244946][bookmark: _Toc525246223][bookmark: _Toc533004673]: AWG Inventory Data Compiled
All the data provided by the vendors and that was used in setting up the LCA models is compiled and provided as a separate excel file: “AppendixA-AWG_BottledWaterDatav4_12.19.18.xlsx”.
Appendix A: AWG Inventory Data Compiled
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[bookmark: _Ref525245388][bookmark: _Toc525246224][bookmark: _Toc533004674]: Life Cycle Results Calculator
[bookmark: Appendix_E][bookmark: Appendix_G]A companion dynamic LCA Excel results calculator is provided to run combinations of the parameter values assessed in this study. This is in a separate file named “AppendixB-Results_Template_AWGBottledWaterv4_12.19.18.xlsx”.
Single-serve bottle	1.0932592588851927E-2	5.9549154892692775E-4	3.1232382195961104E-2	-5.529876395669877E-4	8.9444741294357581E-3	1.0962260104383285E-2	1.4163160052327801E-2	2.807689268964576E-2	3.5521929812172878E-2	1.0932592588851927E-2	5.9549154892692775E-4	3.1232382195961104E-2	-5.529876395669877E-4	8.9444741294357581E-3	1.0962260104383285E-2	1.4163160052327801E-2	2.807689268964576E-2	3.5521929812172878E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.19646537034680944	0.3754237593243594	0.39216375511574458	0.42521022480022463	0.28110726701167116	0.21578698338845678	0.33879096078485971	0.45572752542907341	0.39685301700878095	Reusable Jug	3.6489155268380646E-2	4.9073860402629163E-2	0.11558298917528158	5.9385832427621098E-2	5.7090195591820631E-2	2.624747268109829E-2	0.11688395044775801	1.2547564489414015E-2	0.13130248388666121	3.6489155268380646E-2	4.9073860402629163E-2	0.11558298917528158	5.9385832427621098E-2	5.7090195591820631E-2	2.624747268109829E-2	0.11688395044775801	1.2547564489414015E-2	0.13130248388666121	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	8.8944356703308247E-2	0.13791401080152385	0.2601788039621093	0.15831198277369887	0.1442936373896295	0.11843656710809772	0.21115191347291909	3.3056256360481651E-2	0.49612043590716109	Watergen LS	0.63362708216369656	0.20894808713700053	0.47396771590988807	0.27308255910749929	0.337721678996946	0.57570648506551403	0.53460215053182414	0.69399399422365626	2.1608048628570374E-2	0.63362708216369656	0.20894808713700053	0.47396771590988807	0.27308255910749929	0.337721678996946	0.57570648506551403	0.53460215053182414	0.69399399422365626	2.1608048628570374E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.83527649652460856	0.83519606211836339	0.88124878346906599	0.83507634211102288	0.83676630499225801	0.84707328520343583	0.83603561879254951	0.83333333333333326	0.89594746536838932	Watergen MS	0.56898274849965191	0.16905765950377633	-0.48805068472620211	0.23123051106465747	0.27347209723349936	0.33431146419789004	0.46293876139180751	0.65433719455373307	3.4349279125391813E-3	0.56898274849965191	0.16905765950377633	-0.48805068472620211	0.23123051106465747	0.27347209723349936	0.33431146419789004	0.46293876139180751	0.65433719455373307	3.4349279125391813E-3	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.79242499944318212	0.79221607204292166	0.99521007028615771	0.79177323840306157	0.79587494817176752	0.83543442615433816	0.79540853382968468	0.7857142857142857	0.86914764794510957	Watergen H/O	0.54269104150877934	0.17866330522216839	0.39310814347235096	0.23365471827203144	0.28874127988885273	0.49073632930448097	0.4576328825568251	0.59485199504884834	2.6890539996319407E-2	0.54269104150877934	0.17866330522216839	0.39310814347235096	0.23365471827203144	0.28874127988885273	0.49073632930448097	0.4576328825568251	0.59485199504884834	2.6890539996319407E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.72196179059724719	0.72220951445517745	0.94380406628670432	0.72184139418622772	0.72776955568631396	0.76442185129636719	0.72520640029877903	0.7142857142857143	0.82579347534973935	Ecoloblue LS	0.74612924775034739	0.23617361475075108	0.11440569303293821	0.31373259483725435	0.3799947053805523	0.58979606155739761	0.62090982034651776	0.8327927930683876	3.5606144898587986E-3	0.74612924775034739	0.23617361475075108	0.11440569303293821	0.31373259483725435	0.3799947053805523	0.58979606155739761	0.62090982034651776	0.8327927930683876	3.5606144898587986E-3	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1	1	0.98312199210027917	1	1	1	1	1	1	Ecoloblue MS	0.72780565435322531	0.23028641581358458	7.1905994844386076E-2	0.30636558344863513	0.37314927354124072	0.56883360867035326	0.60533351220505827	0.81296439323342606	4.4747208614396008E-3	0.72780565435322531	0.23028641581358458	7.1905994844386076E-2	0.30636558344863513	0.37314927354124072	0.56883360867035326	0.60533351220505827	0.81296439323342606	4.4747208614396008E-3	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.97726544870721421	0.9772073754930688	1	0.97706901248479294	0.97723422022844197	0.98462775987425666	0.97774350527425835	0.97619047619047605	0.98570633145789899	Ecoloblue H/O	0.54323488100388218	0.17922367854989074	0.41027889313179855	0.23418969560043412	0.28969895111433536	0.49435567347111903	0.4584096762408596	0.59485199504884823	2.7346997365273507E-2	0.54323488100388218	0.17922367854989074	0.41027889313179855	0.23418969560043412	0.28969895111433536	0.49435567347111903	0.4584096762408596	0.59485199504884823	2.7346997365273507E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.71741157506643916	0.71917849647529419	0.80641665598791834	0.71903551081251615	0.72186864808170381	0.72958888639245789	0.71921200971377008	0.7142857142857143	0.82185653054250996	
Percent of Maximum Impact for Baseline Scenario




Acidification Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	3.5109153516422295E-3	7.5472209683500194E-3	8.980136648123492E-3	0.66314817489112909	0.65906548313039282	0.65762730471395592	0.33333333333333337	0.33333333333333337	0.33333333333333331	Cumulative Energy Demand	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	3.5010745472814804E-3	7.4735113791275709E-3	9.3109413128176204E-3	0.66316558443771423	0.65919311801873415	0.65735568446818116	0.33333333333333331	0.33333333333333331	0.33333333333333331	Eutrophication Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	0.10643832331717365	0.19880902325544469	0.21816146478859566	0.560204273029972	0.4677093815027763	0.44834911191820054	0.33333333333333337	0.33333333333333331	0.33333333333333337	Fossil Depletion	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	3.3230975132295666E-3	7.0223808570456471E-3	8.8934918758601083E-3	0.66334355908132425	0.65964423861440769	0.65777312302600366	0.33333333333333337	0.33333333333333337	0.33333333333333337	Global Warming Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	6.2150868668782739E-3	1.1928009121461101E-2	1.5743690288722179E-2	0.66044197442245278	0.65469633789897763	0.65087587875035657	0.33333333333333331	0.33333333333333337	0.33333333333333337	Particulate Matter Formation Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	2.4595122337627059E-2	5.2819651460739012E-2	5.6780014238379445E-2	0.64206901569621377	0.6138132033233249	0.60984970110504233	0.33333333333333331	0.33333333333333331	0.33333333333333331	Smog Formation Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	4.9744512550632799E-3	1.0740945625702172E-2	1.2626628668944578E-2	0.66166356844585994	0.65571882633106482	0.65381305119309197	0.33333333333333337	0.33333333333333331	0.33333333333333326	Solid Waste by Weight	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	0	0	0	0.66666666666666663	0.66666666666666674	0.66666666666666663	0.33333333333333331	0.33333333333333337	0.33333333333333331	Water Consumption	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	2.4108796124538497E-3	4.9798144088076231E-3	6.6330003698919305E-3	0.66425578705421273	0.66168685225785906	0.66003366629677462	0.33333333333333331	0.33333333333333331	0.33333333333333331	
Percent Contribution




Category	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	0	0	0	0	0	0	0	0	0	Acidification Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	1.9679763862550151E-3	2.6850858664679489E-3	4.8434955309754092E-3	0.66469450103970085	0.66396335033587739	0.66179833579205882	0.33333333333333337	0.33333333333333337	0.33333333333333331	Cumulative Energy Demand	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	2.0187206814111188E-3	2.7103569119337977E-3	6.5405028104403651E-3	0.66464794158576246	0.66395629716594096	0.66012614675058623	0.33333333333333331	0.33333333333333331	0.33333333333333331	Eutrophication Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	6.4066736635110866E-2	8.8295181906602627E-2	0.14185716415771285	0.60258564621935107	0.57831007709072146	0.52473335192467796	0.33333333333333331	0.33333333333333331	0.33333333333333331	Fossil Depletion	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	1.9356449449236602E-3	2.5333313589074569E-3	6.3267020702537351E-3	0.66473101545664748	0.66413331937215925	0.66033994294215415	0.33333333333333331	0.33333333333333331	0.33333333333333331	Global Warming Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	3.4986340254888467E-3	4.197924708139341E-3	1.0450768761425576E-2	0.66316270871912064	0.66245441166085239	0.65619645671531146	0.33333333333333331	0.33333333333333331	0.33333333333333331	Particulate Matter Formation Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	1.4009836116471455E-2	1.9591910395555644E-2	2.768460969520881E-2	0.65265541254375381	0.6470628027395271	0.63896592481876902	0.33333333333333331	0.33333333333333331	0.33333333333333331	Smog Formation Potential	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	2.8415748279262236E-3	3.841470450890496E-3	7.30893713669076E-3	0.66380917305374509	0.66275479125905878	0.65926236342021638	0.33333333333333337	0.33333333333333337	0.33333333333333331	Solid Waste by Weight	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	0	0	0	0.66666666666666663	0.66666666666666663	0.66666666666666663	0.33333333333333331	0.33333333333333331	0.33333333333333331	Water Consumption	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Large Scale	Medium Scale	Home Office	Capital Equipment	Operation	Reusable Container Washing	1.4068668193120918E-3	1.9225941065034199E-3	3.4712367060950708E-3	0.6652597998473545	0.66474407256016321	0.66319542996057168	0.33333333333333331	0.33333333333333331	0.33333333333333337	
Percentage Contribution




Cumulative Energy Demand	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Large	Medium	Large	Medium	Watergen	Ecoloblue	0.85365853658536583	0.9600020224898721	0.91283503124787013	0.79546887057394711	0.10731707317073171	0.12068596854158391	0.11475640392830368	0.10000180087215335	1.024390243902439	1.1520024269878466	1.0954020374974442	0.95456264468873664	0.2	0.22491475955476997	0.21386420732092962	0.18636699253446759	Fossil Depletion	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Large	Medium	Large	Medium	Watergen	Ecoloblue	0.6385644646402564	0.79063175416081088	0.83333333333333337	0.55602876251001165	8.0276675554775065E-2	9.9393706237359089E-2	0.10476190476190476	6.9900758715544312E-2	0.76627735756830773	0.94875810499297308	1	0.66723451501201403	0.14960653171571717	0.18523372526053281	0.19523809523809521	0.13026959578805986	Global Warming Potential	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Large	Medium	Large	Medium	Watergen	Ecoloblue	0.63133434447879044	0.83333333333333337	0.74418195057010705	0.47777426115617749	7.9367746163047939E-2	0.10476190476190476	9.3554302357384878E-2	6.0063049973919452E-2	0.75760121337454855	1	0.89301834068412844	0.57332911338741299	0.14791261784931659	0.19523809523809521	0.17435119984785363	0.11193568404230443	Water Consumption	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Average US	RFCW	FRCC	CAMX	Large	Medium	Large	Medium	Watergen	Ecoloblue	0.82889363973843733	0.63372478543695931	0.40765075233294734	0.89009604250391672	0.10679863855777308	8.2263125445587254E-2	5.3842389855368614E-2	0.11449265490543332	0.92655711668142493	0.69235449151965123	0.42106565179483685	1	0.18252103828077101	0.13679576384442477	8.3829847517199088E-2	0.19685988692868331	
Percent of Maximum



Watergen LS	2.2799999999999036E-6	5.925022000000002E-3	1.3120000000000003E-6	1.0571599999999182E-4	6.5646700000002167E-4	8.6400000000000393E-7	2.9166000000000608E-5	0	2.6500000000000412E-3	2.2799999999999036E-6	5.925022000000002E-3	1.3120000000000003E-6	1.0571599999999182E-4	6.5646700000002167E-4	8.6400000000000393E-7	2.9166000000000608E-5	0	2.6500000000000412E-3	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1.1687877849643309	1.1532676497378973	1.0310576512103169	1.1481784246942879	1.1547076576603925	1.1817547156167632	1.1691523418828353	1.1702588893095589	1.1419895856344078	Watergen MS	1.1488670071480587E-4	0.29495248379905714	6.8076310599162265E-5	5.2076355392687984E-3	2.9520524494627498E-2	4.5016037652522312E-5	1.4928428337279177E-3	0	0.1305499908941905	1.1488670071480587E-4	0.29495248379905714	6.8076310599162265E-5	5.2076355392687984E-3	2.9520524494627498E-2	4.5016037652522312E-5	1.4928428337279177E-3	0	0.1305499908941905	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1.1088264349627506	1.0939193908220906	1.1643919138143348	1.0886393300121273	1.0982790436363361	1.1655173052227301	1.112337476032015	1.1033869527775841	1.107830091269741	Watergen H/O	8.4381800000000833E-6	2.270945280000003E-2	4.8024E-6	4.0760125600000641E-4	2.4140000000000272E-3	3.001642740000004E-6	1.083299999999985E-4	0	1.1199999999999877E-2	8.4381800000000833E-6	2.270945280000003E-2	4.8024E-6	4.0760125600000641E-4	2.4140000000000272E-3	3.001642740000004E-6	1.083299999999985E-4	0	1.1199999999999877E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1.0102284998703761	0.99725191141530123	1.1042470889521225	0.99248736080908218	1.004296030981868	1.0664474293661905	1.0141634425603669	1.0030790479796219	1.0525701396414919	Ecoloblue LS	5.7055833052464767E-5	0.15254044777850151	3.2853718247857178E-5	2.7498301133697528E-3	1.6468662776772919E-2	2.1666300002275848E-5	7.4303102847735926E-4	0	6.4364946306244786E-2	5.7055833052464767E-5	0.15254044777850151	3.2853718247857178E-5	2.7498301133697528E-3	1.6468662776772919E-2	2.1666300002275848E-5	7.4303102847735926E-4	0	6.4364946306244786E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1.3992825008573633	1.3808346351787002	1.1502489093236896	1.3749382742561735	1.3799643350494091	1.3951032764927171	1.3984480034132902	1.4043106671714707	1.2746166820895604	Ecoloblue MS	5.8290593762993755E-5	0.1526354730598749	3.5141398727650717E-5	2.6818293057245812E-3	1.4755202494802472E-2	2.2764278941372131E-5	7.5851476091476182E-4	0	6.6124740124740011E-2	5.8290593762993755E-5	0.1526354730598749	3.5141398727650717E-5	2.6818293057245812E-3	1.4755202494802472E-2	2.2764278941372131E-5	7.5851476091476182E-4	0	6.6124740124740011E-2	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1.3674704410685241	1.3493617898329067	1.169996112960886	1.3434095818550249	1.3485483709050698	1.3736574139262598	1.3673234528010982	1.3708746989054832	1.2563977337175398	Ecoloblue H/O	3.386932375000094E-6	1.1914016496999746E-2	2.0007504625000023E-6	2.1662539254874852E-4	1.1907330687500051E-3	1.0475596100000006E-6	4.6415624999998975E-5	0	4.3750000000000178E-3	3.386932375000094E-6	1.1914016496999746E-2	2.0007504625000023E-6	2.1662539254874852E-4	1.1907330687500051E-3	1.0475596100000006E-6	4.6415624999998975E-5	0	4.3750000000000178E-3	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	1.0038614629029869	0.99306657680882904	0.94350435293278057	0.98862944436546718	0.99615298894308435	1.0178518458987909	1.0057805990150817	1.0030790479796219	1.0475520441137316	
Percent of Maximum Impacts




Minimum (10% RC)	Acidification 	Energy Demand	Eutrophication	Fossil Depletion	Global Warming 	Particulate Matter Formation 	Smog Formation 	Solid Waste 	Water Consumption	-2.3343817907737173E-2	-4.0698647745988657E-2	-2.4288332195316356E-2	-4.5337631543311573E-2	-2.7824406499440558E-2	-3.0375615456362404E-2	-2.7430272981175185E-2	-6.3745516463323826E-3	-1.4788189453800802E-3	Maximum (0% RC)	Acidification 	Energy Demand	Eutrophication	Fossil Depletion	Global Warming 	Particulate Matter Formation 	Smog Formation 	Solid Waste 	Water Consumption	0.1304626260480585	0.11522918567747367	0.12125588663506816	0.11469797723981941	0.1186263460455593	0.13133036949691548	0.11522611785649381	0.12656033350620785	3.6133065787940247E-2	Maximum (10% RC)	Acidification 	Energy Demand	Eutrophication	Fossil Depletion	Global Warming 	Particulate Matter Formation 	Smog Formation 	Solid Waste 	Water Consumption	0.10156825447254582	6.7668556625475551E-2	9.248187146674311E-2	6.3730182302240132E-2	8.4756100763221376E-2	9.5389243923824252E-2	8.5002020775384185E-2	0.11930399949957571	3.4494041456810565E-2	
Percent Change



Low Transport (25 mi)	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	-0.37895494837678845	-0.37537546290385898	-0.38489009278081882	-0.39568356466776122	-0.40419687800502702	-0.28180489858700919	-0.5178475249611515	-0.21315805504556917	-2.0941370880756951E-2	High Transport (125 mi)	Acidification Potential	Cumulative Energy Demand	Eutrophication Potential	Fossil Depletion	Global Warming Potential	Particulate Matter Formation Potential	Smog Formation Potential	Solid Waste by Weight	Water Consumption	0.37801342940748356	0.37444283947174761	0.38393385406534586	0.39470046822066424	0.40319268254710722	0.28110476665560558	0.51656095465053364	0.21262846234615618	2.0889342634786676E-2	
Percent Change
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Shrink Film Production


Applicable only for Sensitivity Analyses


Shrink Application


Acronyms: PET - Polyethylene Terephthalate; PP – Polypropylene; OPP – Oriented Polypropylene; WTE – Waste-to-Energy Combustion  
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Parameter Description Select Value Instructions Default

Reusable Container Washing Method Handwash Select "Handwash" or "No Wash" Handwash

Jug Transport Distance Average Select "Average" if 75 miles, "Minimum" if 25 miles, "Maximum" if 125 miles Average

Single-serve Bottle Weight Minimum Select Minimum (9.3 g) or Maximum (10.9 g). Only lightweight options provided. Minimum

Single-serve Bottle Recycled Content None Select "0%" or "10%" None

Recycling Allocation Method Cutoff Select "Cutoff" or "System Expansion" Cutoff

Bottled Water Source Spring Water Select "Spring Water" or "Treated Municipal Water" Spring Water

AWG Vendor WaterGen Select "WaterGen" or "Ecoloblue" WaterGen

AWG Water Production Average Select "Minimum", "Average", or "Maximum"; Function of relative humidity and temperature Average

AWG Electrical Grid  Average US Select "Average US", "RFCW", or "FRCC". RFCW and FRCC are eGRID subregions. Average US
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