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Overview

• Why alternatives assessment
• What is alternatives assessment

• Definitions and frameworks
• Goals and considerations

• Principles and main elements of alternatives assessment
• Evolution of the scientific literature on alternatives assessment
• Policies and applications of alternative assessments
• Example:  Massachusetts Toxics Use Reduction Institute’s approach
• Moving from alternatives assessment to green chemistry
• Lessons learned and additional resources



#SerdpEstcp2019

About me…



#SerdpEstcp2019

Drivers of safer chemicals

• Impacts/clean up costs of existing problem chemistries
• Legislation/regulations
• Market demand to “avoid” chemicals of concern
• Consumer advocacy
• Evolution of science/tools
• Increasing focus on sustainability, circularity and potential trade-offs
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The focus on safer chemistry is consistent with years of practice in 
chemicals management and essential for effective product stewardship
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Starting point for transitioning to safer chemistry

• Know what’s in it
• Know function and application
• Know hazards and potential exposures and other “concerns”

Then….
• Thoughtfully compare options (including trade-offs) to meet a particular 

functional need – alternatives assessment
• If better options don’t exist, employ tools of green chemistry to design new 

ones
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What is alternatives assessment?

“A process for identifying, comparing, 
and selecting safer alternatives to 
chemicals of concern on the basis of 
their hazards, comparative exposure, 
performance, and economic viability” 

- NAS 2014
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NAS 2014: Alternatives Assessment

Is:
• is a process for identifying, 

comparing and selecting safer 
alternatives to chemicals of 
concern.  

• has a goal of facilitating an 
informed consideration of the 
advantages and disadvantages 
of alternatives to a chemical of 
concern.  

Is not:
• a safety assessment, where the 

primary goal is to ensure that 
exposure is below a prescribed 
standard.

• a risk assessment where risk 
associated with a given level of 
exposure is calculated.

• a sustainability assessment that 
considers all aspects of a 
chemicals’ life cycle, including 
energy and material use. 
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A considered transition from a chemical of particular concern to safer chemicals 
or non-chemical alternatives.  
The goals of informed substitution are to: 
• Minimize the likelihood of unintended consequences, which can result from a 

precautionary switch away from a chemical of concern without fully 
understanding the profile of potential alternatives (including performance), 
and 

• Enable a course of action based on the best information - on the environment 
and human health - that is available or can be estimated.

Goal is Informed Substitution 
EPA - 2010
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Regrettable Substitutions
A Few Examples

NMethylene chloride & 1-Bromoproane (NPB) BPA & BPS
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• Focus on function not the particular chemical 
• Focus on “intrinsic impact reduction”
• Considers the “necessariness” of a chemical

• Finding a safer alternative and getting industry to adopt the use of 
it are not the same thing.

• Must also be affordable and effective

• In some cases, safer, feasible alternatives may not exist and need 
to be developed

Focus of Alternatives Assessment
Alternatives assessment is a step-defined, action-oriented process



#SerdpEstcp2019

Tickner, et al, 
Environmental Science 
and Technology, 2014

Function
The starting point of Alternatives Assessment
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Three Essential Steps of Alternatives Assessments (O’Brien 2000)

“One of the most essential, and powerful steps to change is 
understanding that there are alternatives”

1. Presentation of a full range of alternatives
2. Presentation of the potential adverse effects of each option
3. Presentation of potential benefits of each option
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• Reduce Hazard
• Minimize Exposure
• Use Best Available Information
• Require Disclosure and Transparency
• Resolve Trade-Offs
• Take Action

Commons Principles for Alternatives Assessment
www.bizngo.org/alternatives-assessment/commons-principles-alt-assessment
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Source: 
Tickner et al. IEAM 
2018
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AA Methods and Tools

• Most developed
• Data gaps remain a challenge

Comparative Hazard 
Assessment 

• More “academic” socio-economic analysis 
methods available, but difficult for SMEs to use

• Limited tools

Economic 
Assessment

• Very limited
• Case/application-specificTechnical Performance

Lifecycle considerations, comparative exposure characterization and decision analysis, but tools specific for AA limited.
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Connector tools

ChemSec’s 
Market Place

CleanGredients

Restricted/ 
preferred lists

SIN List

Sector-based 
lists (e.g., Global 

Automotive 
Declarable List)

US EPA Safer 
Chemical 

Ingredient List

Screening tools

GreenScreen List 
Translator

PRIO

RISTOX

SINimilarity

UL The Wercs 

Comparative 
assessment tools

GreenScreen®

Quick Chemical 
Assessment Tool (QCAT)

SciveraLENS

Column Model

P2OASys

Data tools

ECHA data

Data Commons

OECD QSAR 
Toolbox

EPI Suite

Landscape of Hazard Assessment Tools 
(Not comprehensive, or mutually exclusive) 
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There is a need to address remaining gaps in methods and 
practice and build a community of practice



#SerdpEstcp2019

Alternatives Assessment in Policy 

Regulatory policies
- Require alternatives assessment to demonstrate availability or lack of safer feasible 
alternatives to a chemical of concern (REACH, CA SCP)
- Require alternatives assessment to support regulatory actions (WA, ME, OR)
- Integrate safer alternatives considerations in procurement (SF)
- Require facility planning that examines alternatives (MA TURA)
- Classification-based substitution requirements (EU occupational)

Non-regulatory programmatic support policies
- Conduct assessments for priority chemicals (WA, EPA DfE, TURI)
- Provide technical support, demonstration, networking, training (TURI)
- Provide data, positive listing, labeling (EPA Safer Choice)
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Addressing adoption of safer alternatives – the Massachusetts 
Toxics Use Reduction Institute approach

• Train professionals on how to do assessments, providing tools
• Evaluate alternatives to chemicals of concern in the state
• Support supply chain engagement to address adoption challenges
• Fund collaborative research to identify safer, cost-effective new 

technology options. 
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Tools for Finding and Assessing Safer Solvent Alternatives

Comparing chemical, product and process alternatives: https://p2oasys.turi.org/

Gathering data to support evaluation process:  http://guides.turi.org/beyondmsds

Identifying safer parts cleaning solutions: www.cleanersolutions.org

https://p2oasys.turi.org/
http://guides.turi.org/beyondmsds
http://www.cleanersolutions.org/
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CleanerSolutions.org 
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https://p2oasys.turi.org/

https://p2oasys.turi.org/
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Case Study: Trichloroethylene

The Result of the Massachusetts Toxics Use Reduction Planning and Technical Support Process

Trichloroethylene 
Cleaning Use Data
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• Garment cleaning (professional dry cleaning)
• Industrial vapor degreasing
• Automotive aerosols

Uses in Massachusetts

• Neurotoxin
• Skin and eye irritant; Causes defatting of skin
• Liver, Kidney and CNS damage
• Carcinogen (NTP: Reasonably anticipated to be a human carcinogen; IARC Group 2A Probably 

carcinogenic to humans)
• Toxic to aquatic organisms

Why Higher Hazard Substance

Case Study: Perchloroethylene
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• n Propyl bromide
• Siloxane (D5)
• Propylene glycol 

ethers
• Acetal (Solvon K4)
• High flashpoint 

hydrocarbons
• Liquid CO2

• Wet Cleaning

http://www.turi.org/TURI_Publications/TURI-Methods-Policy-Reports/Assessment_of_Alternatives_to_Perchloroethylene_for_the_Dry_Cleaning_Industry

Alternatives Evaluated

http://www.turi.org/TURI_Publications/TURI-Methods-Policy-Reports/Assessment_of_Alternatives_to_Perchloroethylene_for_the_Dry_Cleaning_Industry
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Reducing Use of Hexavalent Chromium
Aerospace/Defense Applications

Aluminum 
Substrate

Cr+6 Conv. Coating

Cr+6 Sealant

Topcoat

Cr+6 Primer

Aluminum 
Substrate

Cr+6  Conv. Coating

Non-Cr+6 Sealant

Topcoat

Non-Cr+6 Primer

Aluminum 
Substrate

Non-Cr+6 Sealant

Topcoat

Non- Cr+6 Primer

Non-Cr+6 Conv. 
Coating

Traditional Materials DFARS* Compliant Hex Chrome Free

* Defense Federal Acquisition Regulation Supplement (May 2011)
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Industry Collaborative Performance Testing Approach

Accelerated 
Corrosion Test, 
Inspection & 

Analysis

Long-term 
Corrosion Test

Statistical Analysis 
&

Documentation

Conversion 
Coating

Test Vehicle 
Assembly*

Test Vehicle 
Preconditioning

Evaluating 
Relative Hazard 
of Alternatives
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Hex Chrome Free Sealant  Evaluation Team

Government Academia

Industry

Statistical analysis
Project mgmt

Customer 
requirements

Technical expertise
Funding, and In-kind 
contributions
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New England Lead-free Electronics Consortium

Government Academia

Industry

Pull testing
Statistical analysis
Project mgmt

Funding
Outreach

Technical expertise
Funding, and In-kind 
contributions

$1.5 million total in direct funding and in-kind contributions

20+ companies in the 
electronics industry

2001 – 2009 Four 
Phases of Research
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Sometimes new solutions need to be designed

Paul Anastas and John Warner, Green Chemistry: 
Theory and Practice (1998)

Green chemistry is the design of 
chemical products and 
processes that reduce or 
eliminate the use and generation 
of hazardous substances.

Follows 12 Principles of 
molecular design
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Great idea but there are lots of challenges….

Green Definition
Supply Chain 
Complexity
Incumbency

Confusion

Switching Risk

Price/Performance

Supply & Demand

Transparency
New Technology 

Access/Placement

AD
O

PT
IO

N

Government Regulation

Consumer Awareness

Collaboration
Technology Forcing

Compromise

Enhanced Education

TIME

Growth Drivers

Growth Deterrents

Inhibitors dominate and 
adoption rate is slow 

Drivers enable some growth in 
adoption

Accelerators can create significant 
growth in adoption

Growth Accelerators

https://greenchemistryandcommerce.org/resources/gc3-publications
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GC3: Bridging the Supply Chain to Accelerate 
Green Chemistry Innovation

* Established companies & startups

Green chemistry 
market/policy 
requirements & 
desires

Green chemistry 
ideas & technology 
options

FORMULATORS/
CONVERTERS
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Accelerating the Commercialization of Green Chemistry: 
Major GC3 Platforms and Projects

Platforms Projects

Advocacy

Collaborative 
Technology 
Innovation

Supply Chain 
Engagement
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Connecting to emerging global themes driving 
action on chemicals

https://www.un.org/sustainabledevelopment
https://www.unenvironment.org/explore-topics/chemicals-waste/what-we-do/policy-and-governance/global-
chemicals-outlook
https://www.chemicalfootprint.org/
https://www.ellenmacarthurfoundation.org/

https://www.unenvironment.org/explore-topics/chemicals-waste/what-we-do/policy-and-governance/global-chemicals-outlook
https://www.chemicalfootprint.org/
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What the future is likely to bring…

• Increased scrutiny of chemical problems - legacy
• Increased regulatory and market focus on avoiding chemicals of 

concern – including classes of chemicals
• Greater focus on end of life of materials (circularity) reuse/recovery 

and toxicity particularly in Europe – new regulatory policies
• Increasing regulatory scrutiny in Asia on chemicals
• When governments don’t act, marketplace, including investors will…

37



#SerdpEstcp2019

Where alternatives assessment and informed 
substitution will be going

• Growth and greater standardization of tools and best practices
• Growth of community of practitioners
• Shift from informed substitution being a “compliance” activity to an 

innovation opportunity (and increased funding) – from problem space 
to solutions space

• Will lead to greater pre-competitive collaboration to solve problems 
and address cost, technical, transitional barriers

38



#SerdpEstcp2019

Lessons learned on driving safer chemistry

• A mix of regulatory and non-regulatory policy tools is needed to support the 
transition to safer chemicals including requirements to evaluate alternatives when 
restrictions are proposed

• Don’t get caught up in paralysis by analysis, keep alternatives assessment 
flexible and iterative and adaptable to decision-contexts and different users

• Focus on both assessment and adoption 
• Responsibility to create, use, procure materials that are high performing but 

ALSO do not create unintended consequences through their lifecycles.
• The transition will take decades, but defense community plays a critical role in 

supporting it
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Alternatives Assessment Resources

• OECD Substitution and Alternatives Assessment Toolbox – Tools and model alternatives assessments 
[http://www.oecdsaatoolbox.org]

• OSHA Transitioning to Safer Chemicals – Simple alternatives assessment process for small and medium 
sized companies with links to many tools [https://www.osha.gov/dsg/safer_chemicals]

• Massachusetts Toxics Use Reduction Institute – TURI reports, tools, library, assessments [www.turi.org]

• Interstate Chemicals Clearinghouse – Policy database, hazard assessment database 
[http://www.theic2.org]

• Subsport – Tools, assessments, frameworks and training materials [www.subsport.eu]

• Clean Production Action – GreenScreen, Chemical Footprint and alternatives assessment resources –
[www.cleanproduction.org]

• Chemical Commons – Searchable chemical hazard data [https://commons.healthymaterials.net]

http://www.cleanproduction.org/
https://commons.healthymaterials.net/
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Thank You!

Joel Tickner, ScD
Email: Joel_tickner@uml.edu

For more information, visit:
Green Chemistry & Commerce Council (GC3) | www.greenchemistryandcommerce.org
Association for the Advancement of Alternatives Assessment (A4) | www.saferalternatives.org
Toxics Use Reduction Institute (TURI) | www.turi.org


