
   

 

 

 

 

  

 

   
    
  
   

  
  

 

 

  

 

 
    

    
 

 

  
 

  
    

  

Slide 1: Alternatives Analysis Workshop on Life Cycle Impacts & Exposure Assessment 

Title slide 

Slide 2: Overview of Life Cycle Concepts and Tools 

Dr. Sangwon Suh (Aug 9th, 10:20am-12:00pm) 

Slide 3: Outline 

 Overview of ALTERNATIVES ANALYSIS 
 Relevance of Life Cycle Assessment to Alternatives Analysis 
 Recap of webinar (Life cycle thinking) 
 How can Life Cycle Assessment help Alternatives Analysis 

• First Stage 
• Second Stage 

Slide 4: Overview of Alternatives Analysis 

Transition slide 

Slide 5: Alternatives Analysis Simple Diagram 

Figure showing how the Chemical of Concern and the Priority Product Categories are narrowed 
down to a Chemical of Concern in a specific product (the Priority Product). Manufacturers of 
the Priority Product conducted either a two-stage Alternatives Analysis or an Abridged 
Alternatives Analysis. The two-staged Alternatives Analysis process consists of a first-stage 
Alternatives Analysis which is qualitative and a second-stage Alternatives Analysis which is 
quantitative. 

Slide 6: Alternatives Selection 

Figure shows the four key processes to identify safer alternatives under the Safer Consumer 
Products framework. Step 1 is the Candidate Chemical List as designated by 23 authoritative 
bodies. Step 2 is the Priority Products where DTSC selects product-chemical combinations that 
may cause harm. Step 3 is the Alternative Analysis where the manufacturer evaluates 
alternatives to the Priority Product. Step 4 is the regulatory Response where DTSC considers a 
range of possible responses defined in the Safer Consumer Product regulations. 

Reference: DTSC Alternatives Analysis Guide page 2 
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Slide 7: Alternatives Analysis Timeline 

A simplified timeline showing major milestones starting on the effective date of the Priority 
Product regulation. Manufacturers have 60 days to submit their Priority Product Notification 
after the Priority Product regulation’s effective date. Once the Priority Product Notification is 
submitted, the manufacturers have 120 days to submit either a Preliminary Alternatives 
Analysis Report or Abridged Alternatives Analysis Report. Upon receipt of the report, DTSC has 
60 days to review and issue either a Notice of Compliance or a Notice of Deficiency. If a Notice 
of Compliance is issued, the manufacturer must submit a Final Alternatives Analysis report. 

Some other details associated with the Preliminary and Final Alternatives Analysis reports are 
listed below. 

Preliminary Alternatives Analysis Report 
The responsible entity must specify the proposed submission date for the Final Alternatives 
Analysis Report and include a work plan for the second stage Alternatives Analysis effort. 

Final Alternatives Analysis Report 
The Final Alternatives Analysis Report will be submitted to the Department no later than twelve 
months after the Department issues a notice of compliance for the Preliminary Alternatives 
Analysis Report. It must include a detailed plan for implementing any selected alternative(s). 
The implementation plan must include key milestones and dates for implementing the selected 
alternative(s), if applicable, and identify steps that will be taken to ensure compliance with 
applicable federal, state, or local laws. The implementation plan may also include the 
identification of and implementation plan(s) for any Regulatory Response(s) that the 
responsible entity wishes to propose that would best limit exposure to, or reduce the level of 
adverse impacts or adverse waste and end-of-life effects posed by, any Chemical(s) of Concern 
or replacement Candidate Chemical(s) that will be in the selected alternative(s) or the 
Chemical(s) of Concern that is/are in the Priority Product if the decision resulting from the 
Alternatives Analysis is to retain the Priority Product. 
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Slide 8: Unique Characteristics of SCP Alternatives Analysis 

The SCP two-stage Alternatives Analysis framework has some unique characteristics when 
compared to other alternatives assessment frameworks: 
 Considers a broad range of alternatives, and does not limit alternatives to only chemical 

replacement 
• For example: alternatives to consider may include removal of the Chemical of 

Concern or redesign of a Priority Product or manufacturing process to reduce 
exposure to the Chemical of Concern or adverse impacts. 

 Covers comprehensive adverse impacts and multimedia life cycle impacts 
 Evaluates both external and internal cost impacts 
 Does not mandate that responsible entities generate new data during the Alternatives 

Analysis process. 

Reference: DTSC Alternatives Analysis Guide page 12 

Slide 9: First versus Second Stage 

Figure showing the six steps associated with the first-stage Alternatives Analysis screening 
analysis: Step1, Identification of product requirements and chemical function; Step 2, 
Identification of alternatives; Step 3, Identification of relevant factors; Step 4, Initial Evaluation 
and screening of alternatives replacement chemicals; Step 5, Consideration of additional 
information; and Step 6, Preliminary Alternatives Analysis report. 

“During the first stage, the responsible entity applies life cycle thinking with a qualitative 
approach and may use a conceptual model to illustrate the exposure pathways and life cycle 
segments.” Reference: DTSC Alternatives Analysis Guide page 63 
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Slide 10: First versus Second Stage 

Figure including the five steps for a second stage Alternatives Analysis where an in-depth 
analysis is conducted. The five steps are: Step 1, identification of relevant factors; Step 2, 
comparison of the Priority Product and alternatives; Step 3, consideration of additional 
information; Step 4, alternatives selection decision, and Step 5, Final Alternatives Analysis 
report. 

From page 88 of the DTSC Alternatives Analysis Guide: 

“In the subsequent second stage, the choice of relevant factors is revisited, and factors 
previously identified are assessed—preferably with quantitative data.” “The principal 
goal of the second stage Alternatives Analysis is to further evaluate the alternatives 
identified in the first stage Alternatives Analysis and select an alternative that is justified 
by the analysis presented by the responsible entity.” 

From page 14 of the DTSC Alternatives Analysis Guide: 

“An Abridged Alternatives Analysis report may apply if the responsible entity cannot 
identify an available, functionally acceptable, and technically feasible alternative during 
the first stage Alternatives Analysis.” 

Slide 11: What’s the relevance of Life Cycle Assessment to Alternatives Analysis? 

Transition slide 

Slide 12: Relevance of Life Cycle in Alternatives Analysis 

“The SCP approach requires an Alternatives Analysis* that considers important impacts 
of the product throughout its life cycle and follows up with specific actions to make the 
product safer.” 

* In the Safer Consumer Product regulations, the term “Alternatives Analysis” 
intentionally differentiates this effort from the practice of “Alternatives Assessment” 
which may only entail a chemical hazard evaluation and comparison or may include a 
breadth of considerations but not be as comprehensive as the analysis required by the 
regulations. 

Reference: DTSC Alternatives Analysis Guide page 2 
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Slide 13: Relevance of Life Cycle in Alternatives Analysis 

“Although the concept of Life Cycle Assessment (LCA) is briefly described here, it is 
important to note that a LCA is not required to conduct an Alternatives Analysis. An 
approach that follows the LCA method is one way to quantify and assess impacts. Any 
approach which considers the impacts associated with the full life cycle of the product 
may be applied, such as those discussed in Chapter 4.” 

“Responsible entities must consider the full life cycle of the product when assessing its 
impacts.” 

Reference: DTSC Alternatives Analysis Guide page 80 and 81 

Slide 14: Adverse Impacts Throughout the Life Cycle Segments 

Slide shows Table 3-1 on page 30 of the DTSC Alternatives Analysis Guide. Table 3-1 is a 
summary of the potential factors requiring consideration for a two-stage Alternatives Analysis. 
For the first- and second-stage Alternatives Analysis, adverse impacts and multimedia life cycle 
impacts are considered which include: (1) adverse environmental impacts, (2) adverse public 
health impacts, (3) adverse waste and end-of-life effects, (4) environmental fate, (5) materials 
and resource consumption impacts, (6) physical chemical hazards, (7) physicochemical 
properties, and (8) associated exposure pathways and life cycle segments. In a second-stage 
Alternatives Analysis, further consideration is given to product function and performance, and 
economic impacts. For economic impacts, the slide highlights the costs to governmental 
agencies and non-profit organizations that manage waste, oversee environmental cleanup and 
restoration efforts, and/or are charged with protecting natural resources, water quality, and 
wildlife. Adding this type of cost consideration is unique to the Safer Consumer Product 
regulations. 

Slide 15: Life Cycle thinking (recap) 

Transitional Slide 

P a g e  5 | 31 



   

 

  

  

 
 

 
  

 

 
 

 
  

  
 

  

  
   

 

 
  

   
  

   

   
  

 
  

Slide 16: Life Cycle Segments 

Graphic showing 7 life cycle phases for a product which are: (1) raw material extraction, (2) 
intermediate material processes, (3) manufacturing, (4) packaging, (5) transportation, (6) use, 
and (7) waste and recycling. There are 3 types of ways to evaluate a product life cycle: cradle-
to-gate, cradle-to-grave, and well-to-wheel. Cradle-to-Gate looks at the life cycle phases from 
raw materials extraction to manufacturing. Cradle-to-Grave looks at the life cycle phases from 
raw materials extraction to the product’s end-of-life or the waste and recycling phase. Well-to-
Wheel is used for transport fuels and vehicles focusing on the major contributors to lifetime 
energy use and GHG emissions but does not consider energy and emissions involved in building 
facilities and the vehicles, or end of life aspects. 

RAW MATERIALS EXTRACTION 
A product’s life cycle begins with raw materials and energy extraction operations. Raw 
materials extraction activities include the removal of metals, minerals, soil, or aggregates from 
the earth; oil and gas extraction; mining and dredging; and the harvesting of timber and crops. 

The responsible entity evaluates impacts during the raw materials extraction life cycle segment 
when the alternatives under consideration use different types of raw materials or a different 
procedure to extract them. For example: 

 Are rare materials involved in the extraction? Iridium, for instance. 
 Is there a new risk introduced in the extraction process with the alternatives (e.g., use of 

explosives)? 

INTERMEDIATE MATERIALS PROCESSES 
Intermediate materials processing includes the handling or treating of the raw materials to 
render them more useful than in their natural state. Intermediate processing produces a 
product that is used as an input to the manufacturing of a subsequent product and may include 
any of the following: refining, milling, spinning, weaving, molding, casting etc. 

For example, raw cotton used for the production of yarn is an intermediate good. When the 
yarn is sold to the owner of a textile mill for production of cloth, the yarn is still an intermediate 
good. The cumulative impacts from spinning the cotton to yarn must be included as part of an 
intermediate materials process. 
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MANUFACTURE 
Manufacturing refers to producing or making the product. The responsible entity considers 
relevant factors, especially if a Priority Product has been listed due to worker exposures during 
manufacturing. 

Considerations include: 

 Are additional materials required to manufacture the alternatives? 
 Will there be significant increases in the use of energy or water? 
 Will there be additional air emissions or releases to water or soil? 
 Will solid waste generation be increased due to the selection of an alternative? 
 Were manufacturing worker exposures important as a basis for listing the Priority 

Product? 

PACKAGING 
The act and process of packing a product to be contained, identified, and displayed for sale. 

 Will there be differences in the type and quantity of materials used for packaging? 
 Does the packaging need to be changed to be compatible with any of the alternatives 

under consideration? For example, will a formulation need to be shipped in a glass 
container, or a plastic bottle? 

TRANSPORTATION 
The act of moving, shipping, or hauling an item or product to its intended use, such as transport 
of an intermediate product to the manufacturing facility for the production of the final product, 
or transport of the final product to a distribution facility or retail centers. For example: 

 Is a different mode of transport required for the alternatives? 
 How far are the materials to be transported? 
 Will there be an increase in greenhouse gases due to increased transportation distance? 

Responsible entities may consider how future demands for an alternative may result in 
additional manufacturing locations, and thus, changes in transportation impacts. 
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DISTRIBUTION 
Distribution includes the acts of storing, delivering and supplying products to retail centers or 
consumers. Distribution may include transportation activities. The responsible entity decides if 
transportation attributed to distribution is addressed separately or together as a single life 
cycle segment. 

During storage, special handling requirements of a given alternative may consume additional 
resources. 

Other factors that may impact this activity can be a change to the distribution chain, to the size 
or weight of the alternatives, or to the type of shipping containers used. 

USE 
The use segment refers to the consumption, application or utilization of a product for its 
intended purpose. 

 What are the impacts during use? 
 What are the exposure pathways? 
 Has the method of application changed exposure duration or intensity? 
 Has the quantity of product required changed? 
 Have new routes of exposure been introduced by an alternative? 

OPERATION AND MAINTENANCE 
Operation and Maintenance refers to the upkeep and care that are necessary to repair or keep 
the product in working order. A consumer product that does not wear out quickly will probably 
need operation and maintenance care during use. Examples of consumer products that may 
need such care include furniture, clothing, and footwear. 

 What kinds of chemicals or products are necessary for maintenance? 
 How much energy is used to operate or maintain? 
 Is there a difference in the reliability or durability of the alternatives? 

P a g e  8 | 31 



   

 

 

  

  
  
  
   
   

  

 
 

  

   
  

 
 

  
 

 
 

   
  

  

 
  

WASTE GENERATION AND MANAGEMENT 
Waste generation and management refer to the excess of unused materials, substances and by-
products and their handling. 

 How much waste is generated? 
 Is hazardous waste generated? 
 Are there releases required to be reported under the Toxic Release Inventory program? 
 Is there any special handling required? 
 Does the responsible entity mitigate waste generation impacts by participating in 

extended producer responsibility programs? 

REUSE AND RECYCLING 
Products with a recycle or reuse potential will generally use less energy than products requiring 
raw materials extracting and processing. 

 Will there be a change in how the product can be reused or recycled? 
 Is there a potential for exposure to a Chemical of Concern during reuse or recycling? 

END-OF-LIFE DISPOSAL 
End-of-life disposal refers to the point when a product can no longer serve the purpose for 
which it was designed nor serve as a feedstock for products that can use recycled content and 
must be discarded. 

 How is the product used and where does it end after its use, i.e., landfill, POTW, air, 
soil? 

 What is the potential for releases of Chemicals of Concern to air or water bodies from 
the identified disposal? 

 Is the Priority Product or the alternative a hazardous waste at end-of-life? 

Reference: Jordan Chamberlain, Kristen Magnuson, Carolin Meier, Yu Yu, Arturo Keller, 
Incorporating life cycle screening into Alternatives Analysis. 
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Slide 17: Life Cycle Segments 

In Alternatives Analysis, “life cycle” means the sum of all the following activities: 

 raw materials extraction 
 resource inputs and other resource consumption 
 intermediate materials processes 
 manufacture 
 packaging 
 transportation 
 distribution 
 use 
 operation and maintenance 
 waste generation and management 
 reuse and recycling 
 end-of-life disposal 

Slide 18: Why Life Cycle Thinking 

 Understand the energy, resources, and environmental impacts arising from different life 
cycle segments; 

 Understand the trade-offs (among life cycle segments and impact categories); 
 Find opportunities to improve a product’s environmental performance; 
 Identify potential regrets that may arise from a change to a product system. 

Slide 19: How can Life Cycle Assessment help Alternatives Analysis? 

 First Stage 
 Second Stage 

Transition slide 
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Slide 20: First Stage (Step 1 & 2) 

Figure highlighting with the first two steps of a first-stage Alternatives Analysis. Using 
knowledge of the functional unit from life cycle assessment may be applied to identifying the 
product requirements and the chemical function in Step 1, and identifying the alternatives in 
Step 2. 

Initial Functionality Questions: 

 What is the purpose of the product? 
 What are the product’s main functions? 
 Must the product meet any legal requirements or performance standards? 
 What is the function of the Chemical of Concern in the Priority Product? 
 Is the Chemical of Concern necessary? 
 Can the Chemical of Concern be removed without significantly affecting the Priority 

Product’s functional performance? 
 Is the Chemical of Concern a contaminant? 

When defining product function, consider the following: 

 The purpose or utility of the product itself or the service provided by the product; the 
task that the product performs. Be as specific as possible. 

 The conditions, such as temperatures or light exposure, under which the task, or 
function, must be performed. These conditions may restrict the alternatives that 
perform effectively under the particular conditions. 

 The extent or duration of the function or service, expressed in use frequency or time 
frame, such as service life. 

When defining product performance, consider the following: 

 The desired result expected from the product. For example, a surface disinfectant must 
prevent bacteria from growing when left on a surface for the specified time. 

 The efficacy of the product. In the disinfectant example, efficacy may refer to preventing 
test bacteria from growing in 59 out of 60 samples. 

 The compatibility of the product with different substrates. 
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Slide 21: What is Functional Equivalency? 

Functional Unit 

 In defining the scope of a Life Cycle Assessment study, a clear statement on the 
specification of the functions (performance characteristics) of the product shall be 
made. 

 The functional unit defines the quantification of these identified functions. The 
functional unit shall be consistent with the goal and scope of the study. 

 One of the primary purposes of a functional unit is to provide a reference to which the 
input and output data are normalized (in a mathematical sense). Therefore the 
functional unit shall be clearly defined and measurable. 

Slide 22: Functional Unit 

Two pictures are shown: one of an automated hand dryer, and the other of two men standing 
in line to dry their hands in a restroom. The first man is using a towel while the second man is 
using the back of the first man’s coat. 

Some examples of functional units for a product are: 

 The lifetime of a pair of shoes 
 Hand-dryer - the number of towels per usage, the power of dryer, and the duration of 

use 
 Wall paint – the amount of paint applied per square meter, the lifetime of the paint 

Slide 23: Paint Stripper Alternatives 

Example showing the chemical structure of Methylene Chloride versus the chemical structure 
of benzyl alcohol. The functional unit is identified as “To strip the paint on the same area of 
wall”. The ratio of methylene chloride to benzyl alcohol is 1 to 0.83. 

Three decorative graphics: one graphic of the chemical structure for methylene chloride, 
second graphic is chemical structure of benzyl alcohol, and third graphic is a photo of a can of 
paint remover, brushes, and solvent-holding pan. 

Reference: Jordan Chamberlain, Arturo Keller, etc., Safer consumer products alternatives 
analysis development. 

https://www.edf.org/health/banning-methylene-chloride-paint-strippers 
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Slide 24: First Stage (Step 3) 

Figure highlighting with the third step of a first-stage Alternatives Analysis. Using knowledge on 
life cycle segments and life cycle inventory may be applied to work involved in Step 3, 
Identification of relevant factors. 

Slide 25: First Stage Step 3 
1. Life cycle segments 

Transition slide 

Slide 26: Determination of Relevance 

“Determination of relevance: A factor, in conjunction with its associated exposure pathways 
and life cycle segments, is relevant: 

If the factor makes a material contribution to one or more adverse public health impacts, 
adverse environmental impacts, adverse waste and end-of-life effects, or materials and 
resource consumption impacts associated with the Priority Product and/or one or more 
alternatives under consideration; and 

There is a material difference in the factor’s contribution to impacts between the Priority 
Product and one or more alternative(s) under consideration and/or between two or more 
alternatives.” 

Slide 27: US EPA Sustainable Materials Management: The Road Ahead 

Cover of the US EPA document titled Sustainable Materials Management: The Road Ahead. 

Slide 28: Table 1: Summary of Top-Ranked Materials, Products, and Services 

Slide showing Table 1 from the US EPA Sustainable Materials Management: The Road Ahead. 
The table summarizes the top-ranked materials, products and services identified using life cycle 
analysis. Three materials are highlighted on the table: crude petroleum and natural gas which is 
ranked 4 for direct impact/resource use/waste, and intermediate consumption; industrial 
inorganic and organic chemicals which is ranked 3 for direct impact/resource use/waste, and 
intermediate consumption, and petroleum refining which is ranked 8 for direct impact/resource 
use/waste, ranked 5 for intermediate consumption, and ranked 3 for final consumption. 
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Slide 29: Material Contribution versus Material Difference 

“Material contribution: relating to a factor that is both meaningful and consequential to 
an observed outcome or impact.” 

“Material difference: relating to a factor’s contribution to an observed impact that is 
both meaningful and consequential to the comparison of alternatives.” 

Reference: DTSC Alternatives Analysis Guide page 30 

Slide 30: Identify Relevant Factors 

Figure showing a step relationship between Step 1: Adverse impacts, Step 2: Life cycle 
segments, and Step 3: Relevant factors. In Step 1, information is gathered to answer the 
question “What are the adverse impacts?” Results from Step1 feed into Step 2 where the 
question “What are the relevant life cycle segments?” is answered. Results from Step 1 and 2 
are then used to answer the question in Step 3 “What are the relevant factors identified?” 

From page 45 of the DTSC Alternatives Analysis Guide: 

The relevant factors identified and evaluated in the Alternatives Analysis should take into 
account the following: 

 The identification of relevant factors is an iterative and dynamic process. 
 Factors can be quantified by available information or based on qualitative information. 
 The full life cycle should be considered – it is often easier to identify the potential 

adverse impacts associated with the use segment, but this does not mean that it is more 
important than other segments. 

 The potential use of a product by a sensitive subpopulation or exposure to the product 
may be different from other, less sensitive populations. 

 Different factors may contribute to adverse impacts, exposure pathways, and life cycle 
multimedia impacts and may interact with one another. 

 Schematic representations, such as conceptual models, may help capture and 
communicate relevant factor interactions. 
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Slide 31: Example Chemical Discussion 

Figure listing the 7 factors on the left and an excerpt of Table 3-1B on page 70 of the DTSC 
Alternatives Analysis Guide. The seven factors are (1) adverse environmental impacts, (2) 
adverse public health impacts, (3) adverse waste and end-of-life effects, (4) environmental fate, 
(5) materials and resource consumption, (6) physical chemical hazards, and (7) physicochemical 
properties. Table 3-1B shows the 20 factors associated with adverse public health impacts 
which is a subcategory of adverse impacts and multimedia life cycle impacts. 

Slide 32: How to Identify Relevant Segments? 

 What life cycle segments associated with adverse impacts and exposures are identified 
in the Priority Product profile? 

 What life cycle segments will be significantly different given a switch to an alternative? 
 How does the Priority Product compare to alternatives with regard to materials and 

energy consumption for each life cycle segment? 
 Can additional or different releases or exposures to humans or the environment occur 

during any life cycle segment by implementing alternatives? 
 Will alternatives affect waste generation or the ways the product would be reused, 

recycled, or disposed? 

Reference: DTSC Alternatives Analysis Guide page 35 

Slide 33: Identify Relevant Life Cycle Segments 

This slide shows the 11 life cycle stages in the following sequence: raw material extraction, 
resource inputs & other resource consumption, intermediate materials processes, 
manufacturing and production, packaging, transportation, distribution, use, operation & 
maintenance, waste generation & management, and end-of-life disposal, reuse and recycling. 
Three photos are shown of plastic bags, paper bags, and canvas bags. 

Consider, for example, a polyethylene bag as the Priority Product. The alternatives being 
considered to replace it are paper, or nylon. Due to the change in use of raw materials, the raw 
materials extraction segment may be relevant. The manufacturing segment becomes relevant 
because the production processes differ and each have differing impacts; transportation is 
relevant because more trucks may be required to transport an equal amount of bags; the use 
segment is relevant because they each provide varying amounts of wear and use; and finally, 
reuse and recycling, and the end-of-life may be relevant. 
Reference: DTSC Alternatives Analysis Guide page 85 
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Slide 34: Presenting the Findings 

This figure shows Example 3-2 on page 37 of the DTSC Alternatives Analysis Guide. Example 3-2 
presents the comparison results in a table format where the columns are the Priority Product, 
Life Cycle Segment, Alternative A, Alternative B, and Alternative C and the rows are the 
information considered for each life cycle stage. 

Slide 35: First Stage Step 3 
2. Life Cycle Inventory 

Transition slide 

Slide 36: Life Cycle Inventory Analysis 

Figure showing two spray bottles; one containing benzyl alcohol and the other containing 
methylene chloride. For the chemical production phase for benzyl alcohol, sodium chloride and 
calcium carbonate are combined to make sodium carbonate. Combining sodium carbonate, 
toluene, and chlorine creates benzyl alcohol. Process inputs are water and toluene from nature 
and the outputs are waste and emissions. For the chemical production phase for methylene 
chloride, chlorine and industrial methane are combined to make methyl chloride. Combining 
methyl chloride and chlorine creates methylene chloride. Process inputs are methane, sodium 
chloride in the ground, and water and the outputs are waste and emissions. 

P a g e  16 | 31 



   

 

   

 
   

 

 

 
 

  

    
    
    
    
    
    
    
     
    
     

    
    
    
    
    
    
    
    
    
    
     
    
    
    
    
    
    
    
    

Inputs:
Inputs:
Inputs:
Inputs:
Inputs:
Inputs:
Inputs:
Inputs:

Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:

Slide 37: Product: Finished Cold Rolled Coil, BF Route, Worldwide average, 1kg 

Example of a life cycle assessment for a Finished Cold Rolled Coil, BR Route, Worldwide average 
1 kg. The table below lists the input parameters, outputs, and energy reminders. Major articles 
starting with (r) indicate a resource, (a) indicates in air, (w) indicates in water, and E indicates 
energy. Results are reported in metric units where: kg = kilograms, g = grams, and MJ = mega 
joules. 

Issued by: IISI 
Date issued: August 2002 
Date of data: 1999-2000 

Data Type Major Articles* Unit Average (26 sites) 
Inputs: (r) Coal (in ground) kg 0.789481 

(r) Dolomite (CaCO3·MgCO3, in ground) kg 0.0290661 
(r) Iron (Fe) kg 1.91427 
(r) Limestone (CaCO3, in ground) kg -0.0110614 
(r) Natural Gas (in ground) kg 0.0624542 
(r) Oil (in ground) kg 0.0463004 
(r) Zinc (Zn) kg -2.48E-05 
Ferrous Scrap (net) kg 0.09144213 
Water Used (total) litre 23.1882 

Outputs: (a) Cadmium (Cd) g 7.00E-05 
(a) Carbon Dioxide (CO2) g 2616.11 
(a) Carbon Monoxide (CO) g 31.9049 
(a) Chromium (Total) g 3.91E-03 
(a) Dioxins (unspecified, as TEq)) g 2.06E-08 
(a) Hydrogen Chloride (HCl) g 0.086121 
(a) Hydrogen Sulfide (H2S) g 0.0843961 
(a) Lead (Pb) g 0.00380944 
(a) Mercury (Hg) g 6.87E-05 
(a) Methane (CH4) g 1.00906 
(a) Nitrogen Oxides (NOx as NO2) g 3.30931 
(a) Nitrous Oxide (N2O) g 0.135275 
(a) Particulates (Total) g 2.013858827 
(a) Sulfur Oxides (SOx as SO2) g 3.22123 
(a) VOC (except methane) g 0.153512 
(a) Zinc (Zn) g 0.00367601 
(w) Ammonia (NH4+, NH3, as N) g 0.0868194 
(w) Cadmium (Cd2+) g 7.47E-05 
(w) Chromium (Total) g 1.21E-04 
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Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:
Outputs:

Energy Reminders:
Energy Reminders:
Energy Reminders:
Energy Reminders:

Data Type Major Articles* Unit Average (26 sites) 
(w) COD (Chemical Oxygen Demand) g 0.302357 
(w) Iron (Fe2+, Fe3+) g 0.0417901 
(w) Lead (Pb2+, Pb4+) g 2.73E-05 
(w) Nickel (Ni2+, Ni3+) g 0.000234569 
(w) Nitrogenous Matter (unspecified, as N) g 0.0264328 
(w) Phosphorous Matter (unspecified, as P) g 0.0033978 
(w) Suspended Matter (unspecified) g 0.250121 
(w) Zinc (Zn2+) g 0.0021733 
Non-allocated by-products (see table below) kg 0.0900452 
Waste (total) kg 1.75255 

Energy Reminders: E Feedstock Energy MJ -0.213737 
E Fuel Energy MJ 31.1173 
E Non-renewable Energy MJ 30.3653 
E Renewable Energy MJ 0.392903 
E Total Primary Energy MJ 30.9034 

Slide 38: The Results of an LCI 

 Usually a long list of elementary flows. 
 Difficult to understand, interpret or compare from an environmental impact point of 

view. 
 Life Cycle Assessment is supposed to evaluate a product’s environmental impacts. What 

are the environmental impacts? 

Slide 39: First Stage (Step 4 & 5) 

Figure highlighting with the fourth and fifth steps of a first-stage Alternatives Analysis. Using 
knowledge from life cycle analysis to interpret the results for the work involved in Step 4, Initial 
Evaluation and screening of alternatives replacement chemicals, and Step 5, Consideration of 
additional information. 
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Slide 40: Example 

Figure showing Table 5-1 on page 59 of the DTSC Alternatives Analysis Guide. This table is a 
graphical example where the column headers are life cycle segment, factor, Priority Product, 
Alternative 1, Alternative 2, and Alternative 3 and the rows list the results by factor and product 
for a specific life cycle stage. For this example, each factor for a product in a specific life cycle 
stage was assigned either a red H for high impact observed, yellow M for medium impact 
observed, or green L for low impact observed. A solid black circle indicated data was not 
available to quantify the impact. A hollow circle indicated data was not available. A circle with a 
diagonal line indicated the life cycle stage was not applicable. 

Slide 41: Inferior Alternatives 

 Exhibits a greater adverse impact to air quality, human health and ecological endpoints, 
soil quality, or water quality. 

 Exhibits a greater impact from toxicological hazard traits. 
 Generates more material waste or waste byproducts during its life cycle. 
 Is more persistent in the environment, as determined by its environmental fate 

characteristics. 
 Creates a greater consumption burden on society by using a larger volume or amount of 

renewable and nonrenewable resources throughout its life cycle. 
 Poses a greater handling danger, as indicated by its physicochemical hazards. 
 Poses a greater reactive or flammability hazard, as indicated by its physicochemical 

properties. 

Reference: Modified from the DTSC Alternatives Analysis guide page 75 

Slide 42: Second Stage Alternatives Analysis 

Transition slide 

Slide 43: Second Stage (Step 1 & 2) 

Figure highlighting the first and second steps for a second-stage Alternatives Analysis where life 
cycle inventory and life cycle impact assessment may be used to identify relevant factors and 
compare the Priority Product and alternatives. 
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Slide 44: Life Cycle Inventory Data Example 

Figure of Figure 7-2 on page 92 of the DTSC Alternatives Analysis Guide which is adapted from a 
graphic in the 2014 Environmental Life Cycle Assessment –Measuring the Environmental 
Performance of Products by the American Center for Life Cycle Assessment. The graphic shows 
the life cycle inventory which lists the resources (copper and zinc), and airborne emissions 
(carbon dioxide, carbon monoxide, methane, nitrous oxide, carbon tetrachloride (CFC-10), 
sulfur hexafluoride, benzene, toluene, xylenes, o-xylene, m-xylene, and p-xylene. The summary 
of the abiotic depletion potential lists values for copper and zinc. The summary of global 
warming potential characterization lists values for carbon dioxide, carbon monoxide, methane, 
nitrous oxide, carbon tetrachloride (CFC-10), and sulfur hexafluoride. The summary of human 
health toxicity characterization lists values for carbon tetrachloride (CFC-10), benzene, toluene, 
xylenes, o-xylene, m-xylene, and p-xylene. 

Slide 45: What is Characterization? 

 Characterization translates different stressors into the same unit based on their 
potential harm to one or more “area of protection” 
• Ecosystem health 
• Human health 
• Natural resources 

 Requires modeling of environmental mechanisms 
• Fate & transport (e.g. soil→plants→humans) 
• Effect (e.g. toxicity potential of substance) 
• Exposure 

 Midpoints versus Endpoints 

Slide 46: Environmental Impact Category 

 In short, just “Impact Category” 
• Class representing environmental issues of concern to which LCI results may be 

assigned (ISO 14042). 
• More intuitively, an impact category is a group of environmental impacts that can be 

represented by a commensurate indicator, such as Global Warming Potential (GWP). 
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Slide 47: Environmental Mechanism 

Schematic showing how environmental mechanisms are assessed using life cycle inventory 
results. The life cycle inventory results, reported in kg/functional unit for sulfur dioxide, 
hydrochloric acid, etc., are assigned to an impact category such as acidification. Acidifying 
emissions like nitrous oxides, sulfur oxides, etc. would be assigned to the acidification category. 
The impact categories are then analyzed using a characterization model to determine a 
category indicator which is used to identify category endpoints such as forest vegetation, etc. 

Slide 48: Environmental Mechanism 

 Hg and Pb (or CO2 and CH4) emissions to air from a coal power plant. 
• Impact category? 
• Category endpoint? 
• Environmental mechanism? 
• Category indicator? 

Slide 49: Neural Network Example 

Figure of a neural network showing the input values going into environmental exchanges that 
feed the midpoints. The midpoints are the input values for the endpoints which are then 
grouped into areas of protections. The input values are carbon dioxide, chlorodifluoromethane, 
nitrous oxide, cadmium, acrylonitrile, particles, sulfur dioxide, nitrogen dioxide, toluene, carbon 
monoxide, ammonia, and phosphate. Some examples of the environmental exchanges include: 
(1) increased radiative forcing, (2) increased chlorine content of stratosphere, (3) increased 
human exposure, (4) increased environmental exposure, (5) conversion releasing protons, (6) 
photochemical ozone functions, (7) eutrophication of aquatic systems, and (8) nutrient 
enrichment of systems. Endpoints are damage to humans, damage to wildlife and plants, loss of 
biodiversity, loss of crops and wood, loss of materials, and loss of fish catch. Areas of protection 
are human health, ecosystem health, and resources such as ores, land, and cultural values. 
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Slide 50:  Calculation of  Characterized  Results 

 cij = fijmj

• cij = characterized result of j on impact category i
• mj = inventory result of environmental intervention j
• fij = characterization factor of j on impact category i

 Total Characterized result for impact category i

Mathematical equation. The total characterized  result on impact category "i"  (c subscript “ij”)  is 
equal to the product of the characterization factor of "j"  on impact category "i"  If subscript “ij”)  
multiplied by the inventory result of environmental intervention "j"  (m  subscript “j”)  summed 
over all instances of "j". This is the case if and only if the characterized  result  (C) is  equal to the  
characterized factor (F) multiplied by the inventory result (m)  for all instances of "i".  

Slide 51:  Life Cycle Impact Assessment  

Figure is a neural network where the inputs are LCI results that feed into the midpoint 
categories. The midpoint categories  may be inputs to more than one damage categories. The  
midpoint categories are  human toxicity,  accidents, noise, creation of  oxidizers, ozone  
destruction, climate  change, acidification, eutrophication, ecotoxicity, land-use impacts, species  
and organism dispersion, and natural resources  (such as minerals, energy, water, soil (erosion,  
salinity), and biotic resources usage). Damage categories are  human health, natural biotic  
environment/ecosystem quality, natural reserves/ecosystem services, and anthropogenic/man-
made environment.  

Reference: Environmental life cycle  assessment. Boca Raton: CRC Press  2016. Jolliet Olivier 
Myriam Saadé-Sbeih; Shanna Shaked; Alexandre Jolliet; Pierre Crettaz.  
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Slide 52: Characterization 

Figure is a screenshot of the results generated characterization program. The results are 
combined and reported as: Global warming = 174.000 kilograms carbon dioxide equivalent, 
ozone depletion = 0 kilograms CFC11 equivalent, acidification = 868 kilograms sulfur dioxide 
equivalent, photochemical ozone formation=200 kilograms ethene equivalent, nutrient 
enhancement = 3.576 kilograms nitrate equivalent, human toxicity = 3.40E11 cubic meters of 
air, ecotoxicity = 2.16E7 cubic meters of water, land use = 170 hectares year, volume of waste = 
9.450 kilograms, and hazardous waste = 248 kilograms. 

Reference: Hauschild, 2004 

Slide 53: Typical Midpoint Impact Categories 

Figure showing Table 7-5 on page 91 of the DTSC Alternatives Analysis Guide. The table lists the 
typical midpoint impact categories and the associated factor under the SCP regulations. The 
following midpoints impact categories are associated with adverse air quality impacts: (1) 
global warming potential is associated with greenhouse gases, (2) ozone depletion potential is 
associated with stratospheric ozone depletion substances, (3) photochemical smog is 
associated with tropospheric ozone forming compounds, and (4) particulate matter emissions 
are associated with particulate matter. Midpoint categories associated with adverse ecological 
impacts: (1) eutrophication, (2) acidification, and (3) ecotoxicity. Eutrophication was also 
associated with adverse water quality impacts. Human health effects were associated with 
adverse human health impacts. Resource depletion and water use were associated with 
materials and resource consumption impacts. 
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Slide 54: Second Stage (Step 3) 

Figure highlighting the third step for a second stage Alternatives Analysis where life cycle cost 
and life cycle social impacts may be used to consider additional information. 

From the DTSC Alternatives Analysis Guide: 

The responsible entity may consider additional information and factors that are not 
specifically required in the first stage Alternatives Analysis. These factors may include 
performance measures, consumer acceptance, economic impacts, and other potential 
adverse impacts. For instance, prioritizing alternatives based first on performance can 
help narrow the scope to those that have the potential to be effectively implemented 
while maintaining product quality. 

A responsible entity can use additional information to dismiss from further 
consideration any alternative that it believes is economically or technically infeasible. 
The Preliminary Alternatives Analysis Report must describe how the responsible entity 
used any such additional factors in the screening decision. The Department does not 
encourage premature discarding of alternatives that may be viable upon further 
evaluation. 

Slide 55: Second Stage (Step 4) 

Figure highlighting the fourth step for a second stage Alternatives Analysis where weighting and 
normalization may be used in the alternatives selection decision. 

Slide 56: Consideration of Trade-offs 

“The Alternatives Analysis process requires a comparison of a Priority Product with 
alternatives by analyzing a number of predefined factors. Public health impacts, 
environmental impacts, life cycle processes, product function and requirements, and 
economics are all evaluated in order to make a decision. The consideration of a variety 
of factors will result in various trade-offs requiring value judgments. The challenge is in 
handling a large amount of complex information in a consistent way.” 

Reference: DTSC Alternatives Analysis Guide page 133 
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Slide 57: Decision Analysis 

 “…even if the responsible entity does not deliberately apply weighting factors, a value 
judgment is still being made on their relative importance.” 

 Multi-criteria decision analysis (MCDA) common approaches: 
• multi-attribute utility theory (MAUT) (optimization tool) 
• outranking models 

Reference: DTSC Alternatives Analysis Guide page 137 

Slide 58: Decision Analysis Diagrams 

Slide shows three types of decision-making frameworks; the sequential framework, the 
simultaneous framework, and the hybrid framework. The figures and text listed below were 
taken from the DTSC Alternatives Analysis Guide on pages 134 and 135. 

SEQUENTIAL FRAMEWORK 

A sequential framework may be used in instances where the responsible entity is 
comparing alternatives by beginning with the relevant impacts of most significance. It 
allows for removal of criteria that do not differ among the alternatives. 

The responsible entity determines which impacts are most significant based on its 
values and the objectives identified in the rulemaking for the Priority Product. Then, the 
responsible entity establishes the relative importance of the adverse impacts it has 
identified. 

The inherent advantage of this approach is that it establishes a hierarchy of the impacts 
and may allow the responsible entity to eliminate alternatives that do not address the 
prioritized impacts while meeting the product’s baseline requirements. This approach is 
effective when the responsible entity can identify a clear hierarchy of impacts or 
preferences. 

Figure 10-1, from The Interstate Chemicals Clearinghouse (IC2) Alternatives Assessment 
Guide, illustrates the sequential framework based on the IC2 Alternatives Analysis 
Guide’s suggested hierarchy. 
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SIMULTANEOUS FRAMEWORK 

The simultaneous framework considers all attributes at once, allowing good 
performance on one attribute to offset less favorable performance on another. 

The IC2 Alternatives Analysis Guide illustrates the simultaneous framework concept as 
shown in Figure 10-2. 

HYBRID FRAMEWORK 

The hybrid framework is a combination of the sequential and simultaneous frameworks. 
First, alternatives are screened out based on attributes that are considered very 
important (sequential). After screening is applied, the simultaneous framework is used 
for the remaining alternatives. 

Figure 10-3 illustrates the hybrid framework concept. 

Slide 59: Comparing Decision Frameworks 

Screenshot of Table 10-1 on page 136 of the DTSC Alternatives Analysis Guide. The table lists 
the pros and cons of each framework. 

Slide 60: Normalization and Weighting 

 Normalization and weighting help us understand the “magnitude and significance” of 
category indicator results 

 Normalization makes indicator results unit-less. Examples include: 
• Comparison to baseline or standard technology (percentage) 
• Normalized by total annual regional or global emissions 
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Slide 61: Calculation of Normalized Results 

Mathematical equation: Normalized result of impact category “i” is equal to total characterized 
result for impact category “i” (c subscript “i”) divided by the normalization reference factor for 
impact category “i” (n subscript “i”). 

 Calculate the normalization references based on the following information, and identify 
the impact by this product that is relatively the most significant among the impact 
categories considered. 

Impact category Unit 
Characterized 

result 

Normalization 
reference 

(world total) 
Global warming Kg CO2-equiv. 260 4.11E13 
Ozone layer depletion Kg CFC-11-equiv. 0.00014 1.92E8 
Acidification Kg SO2-equiv. 8.6 2.39E11 
Human toxicity Kg 1,4-dichlorobenzene eq. 0.045 3.51E13 

Slide 62: Interpretation of Normalized Results 

Impact category Unit 
Characterized 

result 

Normalization 
reference 

(world total) 
Normalized 

results 
Global warming Kg CO2-equiv. 260 4.11E13 6.33E-12 
Ozone layer 
depletion 

Kg CFC-11-equiv. 0.00014 1.92E8 7.29E-13 

Acidification Kg SO2-equiv. 8.6 2.39E11 3.60E-11 
Human toxicity Kg 1,4-

dichlorobenzene eq. 0.045 3.51E13 1.28E-15 

A results are also presented in a bar graph as a graphical representation of the normalized 
results reported in the table. 
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Slide 63: Interpretation of Normalized Results 

 But not all environmental impact categories are equally important. 
 What about the following normalized results for two products? Which one is better? 

Bar graph of normalized results on the y-axis and four impact categories (global warming, ozone 
layer depletion, acidification, and human toxicity) on the x-axis for two products A and B. 
Product A has a global warming potential of 6.0E-12, ozone layer depletion of 1.0 E-12, 
acidification at 3.60E-11, and no human toxicity. Product B has a global warming potential of 
8.0E-12, ozone layer depletion of 1.0 E-12, acidification at 1.00E-11, and human toxicity at 
5.00E-12. 

Slide 64: Which one is better? 

Impact category Unit Product A Product B 
Global warming Kg CO2-equiv. 6.33E-12 8.55E-12 
Ozone layer depletion Kg CFC-11-equiv. 7.29E-13 7.19E-13 
Acidification Kg SO2-equiv. 3.60E-11 1.00E-11 
Human toxicity Kg 1,4-dichlorobenzene eq. 1.28E-15 5.50E-12 

Suppose that relative importance between global warming, ozone layer depletion, acidification 
and human toxicity are 5:1:2:3. Which product between A and B is better considering relative 
importance of environmental impact? 
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where 

Mathematical equation: The weighted results (v) equals the product of the weight of the impact 
category “i” (w subscript “i”) multiplied by the characterized result of the impact category “i” (c 
subscript “i”) divided by the normalization reference of impact category “i” (n subscript “i”) 
summed over all instances of “i”. 

Mathematical equation: The total characterized result on impact category "i" (c subscript “i”) is 
equal to the product of the characterization factor of "j" on impact category "i" (f subscript “ij”) 
multiplied by the inventory result of environmental intervention "j" (m subscript “j”) summed 
over all instances of "j". 

v = weighted results 

wi = weight of impact category i 

ci = characterized result of impact category i 

ni = normalization reference of impact category i 

Slide 66: Weighting in Practice 

 Distance-to-target method 
• The ratio between the current situation and the policy target serves as a proxy of 

urgency. 
 Panel method 

• Analytical Hierarchy Process (AHP) 
• A systematic method for comparing a list of objectives or alternatives 

Slide 67: Weights by BEES (also used for bioproduct purchasing) 

Bar graph with impact categories on the x-axis and weights used by the BEES program in 
percent. The most heavily weighted impact category is global warming at 29% followed by fossil 
fuel depletion at 10%; criteria air pollutants at 8%; water intake, cancerous effects, and 
ecological toxicity at 7%; eutrophication and land use at 6%; noncancerous effects 5%; smog 
formation, indoor air quality, and acidification at 3%; and ozone depletion at 2%. 
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Slide 68: Normalization and Weighting 

Impact category Product A Product B 
Normalized 

Result 
Weighted 

Result 

Global warming 174 461 6.20E+06 10 
Acidification 868 2.4 3.30E+05 2 
Photochemical oxidant creation 200 720 9.20E+04 3 
Eutrophication 3.5 5.3 5.30E+07 4 
Human toxicity 3.40E+11 1.30E+11 8.50E+15 3 
Ecotoxicity 2.10E+07 9.60E+06 5.20E+09 4 
Land use 170 50 1.30E+05 2 

Calculate normalized results and weighted results. Which product is better? 

Slide 69: Recap of the Final Alternatives Analysis Report 

 A matrix or other summary format; 
 A clear visual comparison summarizing the relevant comparison factors; 
 The relevant exposure pathways and life cycle segments; 
 The Priority Product and each alternative considered; 
 The comparative results of evaluating the above information; 
 A description of any relevant safeguards provided by other federal and California State 

regulatory programs that were considered; and 
 Selected alternative(s) and recommended next steps. 

The Final Alternatives Analysis Report will be submitted to the Department no later than twelve 
months after the Department issues a notice of compliance for the Preliminary Alternatives 
Analysis Report. It must include a detailed plan for implementing any selected alternative(s). 
The implementation plan must include key milestones and dates for implementing the selected 
alternative(s), if applicable, and identify steps that will be taken to ensure compliance with 
applicable federal, state, or local laws. The implementation plan may also include the 
identification of and implementation plan(s) for any Regulatory Response(s) that the 
responsible entity wishes to propose that would best limit exposure to, or reduce the level of 
adverse impacts or adverse waste and end-of-life effects posed by, any Chemical(s) of Concern 
or replacement Candidate Chemical(s) that will be in the selected alternative(s) or the 
Chemical(s) of Concern that is/are in the Priority Product if the decision resulting from the 
Alternatives Analysis is to retain the Priority Product. 
Reference: DTSC Alternatives Analysis Guide page 163 
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Slide 70: Summary 

 Overview of Alternatives Analysis 
 Relevance of Life Cycle Assessment to Alternatives Analysis 
 Recap of webinar (Life cycle thinking) 
 How can Life Cycle Assessment help Alternatives Analysis 

• First Stage 
• Second Stage 
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