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Different lenses to approach safe and 
sustainable chemistry solutions

Research and 
Strategic 
Engagement

Supply chain needs 
and applications 
and innovation 
policy

Adoption in industry, 
particularly SMEs

Building multi-
disciplinary science 
and practice 
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Topline messages

• It will be difficult to reduce or eliminate PMTs without a supply of 
safer, more sustainable solutions at scale

• The use of alternatives assessment is essential to help guide 
the transition process, to avoid regrettable substitutions and 
identify areas where additional R&I are needed

• Identifying alternatives is not enough.  They have to be 
adoptable in the marketplace. Substitution is hard!

• Need to create an interdisciplinary community of practice to 
design, identify, develop, evaluate, scale safer, more 
sustainable solutions. 
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A shared goal:  Accelerate the growth of green and sustainable 
chemistry and its adoption and scale in the market
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The Goal: Substitution
• “Substitution means the 

replacement or reduction of 
hazardous substances in 
products and processes by less 
hazardous or non-hazardous 
substances, or by achieving an 
equivalent functionality via 
technological or organizational 
measures.”

• A “hazard reduction” approach
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US EPA 2010 - Informed Substitution 
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, and 

• Enable a course of action based on the best information - on the 
environment and human health - that is available or can be 
estimated.
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Alternatives Assessment as a step-wise 
process to support substitution
“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

• 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.  

• 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. 

IS: IS NOT:
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Commons Principles for Alternatives Assessment

• Reduce Hazard
• Minimize Exposure
• Use Best Available Information
• Require Disclosure and Transparency
• Resolve Trade-Offs
• Take Action

www.bizngo.org/alternatives-assessment/commons-principles-alt-assessment
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“One of the most essential, and powerful steps to change 
is understanding that there are alternatives.” 
- Mary O’Brien, Making Better Environmental Decisions, 2001

“The focus on problem identification sometimes occurs at the 
expense of efforts to use scientific tools to develop safer 
technologies and solutions. Defining problems without a 
comparable effort to find solutions can diminish the value of 
applied research efforts.”
- National Academy of Sciences – Science for Environmental Protection: 
The Road Ahead, 2012

The solutions-lens is critical
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Critical to the action orientation…

• A decision to substitute.  The desired outcome, informed 
substitution.

• Considering the function, including if that function is needed or 
its performance in an application overprescribed

• Clear and consistent, yet flexible, approaches adaptable to 
different decision contexts are needed

• Minimum components that should be considered
• Consistent definitions of “safer”

• Avoid paralysis by analysis – don’t let perfect be the enemy of 
good enough
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Starting with Functional Substitution –
A Different Way to Look at Substitution

Tickner, et al, Environmental Science and Technology, 2014
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Example – Trichloroethylene substitution
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The need for science to 
support alternatives 
assessment

“Given the paucity of data, which can slow 
down CAAs, it is important that future CAA 

frameworks incorporate the use of in vitro and 
other high-throughput assays, toxicity 

pathway-centric assays, into the assessment 
process to address gaps in traditional 

knowledge… It is important that emerging 
developments in toxicity testing be able to 

support the evaluation, comparison (including 
hazard categorization) and design of safer 

chemicals and materials, not simply to obtain 
more refined risk estimates.”

Environ. Sci. Technol. 2015, 49, 4, 1995–1996
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Research Needs Moving Forward
• Hazard Assessment

• Improve approaches for ecotox, integrating multiple data types, and addressing 
uncertainty

• Establish approaches for mixtures and chemical to material comparisons
• Comparative exposure assessment

• Identify how results from a comparative exposure assessment should be integrated with 
hazard assessment results to identify trade-offs in the AA process

• Decision-Analysis
• Engage in method and tool development for different aspects of decision making (analysis 

and deliberation) for private and regulatory contexts
• Life cycle evaluation

• Streamline life cycle assessment needs during the initial scoping and problem formulation 
stage of an AA by targeting life cycle stages and impact categories that are most 
significant
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Connecting tools of alternatives assessment, 
substitution and safer chemical design

Green Chemistry Letters and Reviews, 14:1,23-44, DOI:10.1080/17518253.2020.1856427
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Linking Chemical/Material Design and Safety 
– Rational Design
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Identifying and evaluating alternatives is 
critical but not sufficient
• Substitution is hard and resource intensive. 
• It is important to focus as well on the adoption phase to:

• Address barriers to substitution
• Identify unexpected trade-offs
• Support companies that may not have knowledge or expertise

• Where alternatives don’t exist or are sub-optimal, we’ll need to 
develop new ones and expedite their time to market
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Green Definition
Supply Chain 
Complexity
Incumbency

Confusion

Switching Risk

Price/Performane

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

Inhibitors and Accelerators of Green 
Chemistry Solutions
https://greenchemistryandcommerce.org/resources/gc3-publications
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The barriers are real…

• Cost – r&d, capital, reformulation, retraining
• Performance – may not work the same or as good or multi-

functionality needed; may need to reformulate multiple times
• Supply chain – single supplier/potential disruption, complexity
• Regulatory – barriers to new entrants, timeframes too short
• Lack of clarity of what’s “safer” or “sustainable”
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• Strong drivers are needed to motivate 
action creating a “pressurized” system 
that can overcome the incumbency of 
existing technologies 

• Barriers must be clearly identified and 
addressed – enabling effective strategies 
and interventions to facilitate substitution.

• Sectoral and supply chain collaboration 
can overcome barriers to change, 
promoting understanding of challenges

https://greenchemistryandcommerce.org/documents/GC3-Plasticizer-Report-Dec-2021.pdf
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https://www.oecd.org/chemicalsafety/risk-management/guidance-on-key-considerations-for-the-
identification-and-selection-of-safer-chemical-alternatives.pdf
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Criteria for Safer AFFF 
replacements

24
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https://research-and-innovation.ec.europa.eu/news/all-
research-and-innovation-news/recommendation-safe-and-
sustainable-chemicals-published-2022-12-08_en
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Need to rethink performance - fit for 
purpose/sufficient performance
1. Understand the function and the application specific 

functional needs
2. Establish or use performance standards independent of the 

standards dependent on using chemicals/ materials of 
concern and adjust based on what’s on the horizon

4. Use a range of performance standard benchmarks,
• E.g.,: “inadequate” to “sufficient” to “best in class”

5. Consider technical performance separately from technical 
feasibility

6. Consult stakeholders for determining acceptable tradeoffs 
between performance results and other elements such as 
environmental health and safety



Sustainable Chemistry Catalyst

Designing Smart Policies to Support Safer 
Chemistry
• Core Elements

• Willingness
• Restrictions, information requirements, planning requirements, 

purchasing policies, recognition
• Capacity

• Technical assistance, information requirements, R&D support, 
Education

• Opportunity
• R&D, education, tax incentives, grants

Ashford, Nicholas. 1999. An innovation-based strategy for a sustainable environment. In Innovation-Oriented Environmental 
Regulation:  Theoretical Approach and Empirical Analysis. Potsdam, Germany: European Commission Joint Research Centre.



Lesson Learned: Regulation is Necessary

• Early regulatory signals critical for initiating 
innovation and informed substitution ahead of 
regulation

Regulations are needed to send 
a firm signal to the market to 

substitute

• Need to include explicit criteria for what is 
considered “safer” and “sustainable” in policy

Regulatory actions that restrict 
the use of priority toxic 

chemicals of concern should be 
linked to provisions for an 

evaluation of alternatives to 
avoid regrettable substitution



Lesson Learned: It’s not just regulation – program 
support, capacity, collaboration are needed

• e.g., tech assistance, demonstration projects, 
training, and supply chain engagement

Regulatory risk management actions 
should be supplemented with 

dedicated government support for the 
transition to safer chemicals

• Elevate alternatives assessment as part-and- parcel 
to substitution thinking and practice

Enhanced capacity on the use of 
alternatives assessment is needed to 

guide informed substitution long before 
agencies initiate restrictive risk 

management actions 

• Networking and collaboration opportunities focused 
on solutions for specific functions/ chemistries

Enhanced collaboration across 
government authorities, enterprises 

and the scientific community is needed
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Wood and LCSP:  Chemicals Innovation Action Agenda, 2019
https://publications.europa.eu/en/publication-detail/-/publication/2d7fc4d1-96f6-11e9-9369-01aa75ed71a1

Transition to Safer Chemicals and Technologies

Improving information and 
knowledge-sharing Enhancing supply chain 

collaborations and partnerships

Establishing a policy mix to de-
risk innovation 

Establish consistent criteria and definitions for safer chemicals and technologies, informed by increased data  generation 
and sharing

Encourage supply chain collaboration and action to accelerate innovation, commercialization, and scaling-up of solutions

Establish an EU-wide Safer Chemicals and Technologies Innovation Support Network

Create focused and coordinated financial incentives for safer chemicals and technologies 

Education, training, and awareness that improve knowledge about substances of concern and safer options among 
chemists/designers, consumers, and throughout the supply chain 

Metrics to evaluate progress towards increased research and innovation and adoption of safer chemicals and technologies

Objective 1 Objective 2 Objective 3
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Juvenile coho salmon LC50: 95 ng/L   (ongoing: 70-130 ng/L)
USGS LC50: 85 ng/L (J. Hansen, personal comm.)
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Options to address 6PPD

Change Bioavailability/Exposure

Change 6PPD Molecule

Change Rubber Material 

Change Tire Design
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Antidegradant Alternatives 
have many functions 

• Antiozonant

• Antioxidant

• Effective under stress

• Health and environmental safety

Focus area: 

Known alternatives to 
6PPD that have the 

potential to be 
implemented in
the short term

Disclaimer: Information presented here was gathered from a literature and web search (public sources) 
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• Rubber compounds for tires 
have 10 to 15 ingredients

»Raw material substitution 
can lead to unintended 
interactions

• With exception of inner liner, 
all rubber compounds in 
tires have 0.5 to 1.5 wt.% 
6PPD

https://www.ustires.org/whats-tire-0

Tires are complex composite structures that 
rely on chemistry, physics, and engineering 
for durability, road safety, fuel economy, etc.
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6PPD in tires
• Function as antiozonant and antioxidant to help 

prevent the degradation and cracking of rubber 
compounds (unsaturated elastomers) by protecting 
against ozone attack, oxidation, and heat aging

» Including internal rubber compounds which 
experience diffusion-limited oxidation (from tire air 
pressure) and thermal-mechanical degradation

• Protect the tire in static and dynamic loading 
conditions

• Undergo controlled blooming/diffusion to surfaces of 
sidewall and tread

To act like 6PPD, a drop-in substitute must: 

https://www.rubbernews.com/news/
ustma-california-epa-seek-alternative-
6ppd-tire-additive

with 6PPD without 6PPD

• Not interfere with crosslinking chemistry (accelerated sulfur vulcanization)

• Not interfere with important bonding between rubber and tire reinforcement cords
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Challenges

• Performance of alternatives 
(standards)

• Timeframes of designs and 
evolving materials

• What is “safer”
• Multiple suppliers
• …
• This will require supply chain 

collaboration, government 
support, research, etc.
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Necessary transformations to achieve safe 
and sustainable chemistry

Change policy

• Incentives
• Regulatory
• Push/Pull

Expand 
Science

•Green 
Chemistry

•Alternatives 
Assessment

•NAMs and 
other 
approaches

Transform 
Markets

•Demand-Side
• Supply-Side
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Building a Community of Practice for 
Alternatives Assessment

38
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Joel Tickner, ScD
Email: Joel_tickner@uml.edu

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

Thank you!
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