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Green Can Have Many Shades

Goals of Presentation
• Present Green in Industry

• Look at What is Being Done Now

• New Technologies for the Near Future
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What is Being Asked of Us (Supplier, User, Society)?



What is the Big Picture?

Paul Anastas at 2010 Green Chemistry Conference in 
Ottawa,  “We have to stop doing the wrong things for the 
right reasons.”

We need to take everything into account:
• Carbon footprint

• Life cycle assessment

• Water Impact Index

• Other impacts on environment and human health

• Principles of green chemistry and green engineering

• Quality of life

We need to innovate with the basis being sustainability, 
energy & water conservation, and green principles

Example: Indiana Auto Parts Manufacturer – Wastewater 
treatment plant discharge allowed at pH 10 to help the 
municipal treatment plant. 4



Understanding and Adapting Green Strategies

What does it mean to be green?

Are there green standards?

How can we be green?

Where can we be green?

What are the trade offs?

How can we implement green strategies in industry using green 
chemicals or nonchemical approaches?

Which methodolgies could be used to assess environmental 
performances of chemicals? 

In the end, to be adapted by industry, it has to make economical 
sense. (Real world truth).
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Veolia R&D Project: “Green Chemistry”

Hydrex Effort : Set-up “green standards” for chemicals 
and processes

WHAT IS A GREEN PRODUCT?

It does not exist !

Every product has impacts on the environment… There are 

only greener products

There are many ideas for potential greener solutions (bio-

based product, ZLD, transportation and optimization)

We have to check whether these solutions are actually more 

environmental friendly

Tools and metrics for environmental assessment of products 

are required
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Life Cycle Assessment: Methodology

Methodology to evaluate the environmental burdens of 
a product, process or service over its entire life-cycle 
(“from cradle to grave”)  

Standardized (ISO 14040)

Resources 
extraction

Production

Distribution

Use

End-of-life
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Life Cycle Assessment: Methodology

vs

1000 paper cup

… rather 1 cup VS 1000 paper glass!

A glass or a paper cup?

1 glass

LCA: a tool for comparing equivalent solution (based on a functional 
approach)
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Life Cycle Assessment: Methodology

How does it work?  compilation of resources consumption and 
pollutant emissions for each life cycle step

Flows are converted into environmental impact indicators 

Resources Emissions
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Life Cycle Assessment: Main Strength

LCA highlights shifting of environmental burdens

vs

vs
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Case Study: Cooling Water Disinfection – General 
Results (Carbon Footprint)

Improvement levers:

•Using less chemicals

•Using less diluted 
chemicals 

•Using packaging 
with high capacity 
volume

•Choosing closest 
suppliers

•Recycling packaging

•Reuse packaging 

Product A Product B Product C



Principles of Green Chemistry

1. Prevention: It is better to prevent waste than to clean up waste after it as 
been created.

2. Atom Economy:  Synthetic methods should be designed to maximize the 
incorporation of all materials used in the process into the final product.

3. Less Hazardous Chemical Synthesis:  Wherever practicable, synthetic 
methods should be designed to use and generate substances that possess little or 
no toxicity to human health and the environment.

4. Designing Safer Chemicals: Chemical product should be designed to 
effect their desired function while minimizing their toxicity.

5. Safer Solvents and Auxiliaries:  The use of auxiliary substances (eg. 
solvents, separation agents, etc.) should be made unnecessary whenever possible 
and innocuous when used.

6. Design for Energy Efficiency:  Energy requirements of chemical processes 
should be recognized for their environmental and economical impacts and should 
be minimized. If possible, synthetic methods should be conducted at ambient 
temperature and pressure.



Principles of Green Chemistry

7. Use of Renewable Feedstocks:  A raw material or feedstock should be 
renewable rather than depleting, whenever technically and economically practicable.

8. Reduce Derivatives:  Unnecessary derivation use of blocking groups, 
protection/deprotection, temporary modification of physical/chemical processes) 
should be minimized or avoided if possible, because such steps require additional 
reagents and can generate waste.

9. Catalysis:  Catalytic reagents (as selective as possible) are superior to 
stoichiometric reagents.

10. Design for Degradation:  Chemical products should be designed so that at the 
end of their function they break down not innocuous degradation products and do not 
persist in the environment.

11. Real-Time Analysis for Pollution Prevention:  Analytical 
methodologies need to be further developed to allow for the real-time, in-process 
monitoring and control prior to the formation of hazardous substances.

12. Inherently Safer Chemistry for Accident Prevention: Substances 
and the form of a substance used in a chemical process should be chosen to minimize 
the potential for chemical accidents, including releases, explosions, and fires.



THPS (tetrakis hydroxymethyl phosphonium 
sulphate) is a Biocide

It is used to kill bacteria and can kill aquatic plants

Phosphorus content - 11% minimum

COMPOUND DESCRIPTOR : Tumorigen; Mutagen 

Eye contact – THPS may cause severe eye irritation with 
the potential for corneal injury.

Skin contact – Repeated contact may cause severe skin 
irritation with local redness and discomfort. Additionally, 
THPS is harmful if adsorbed through the skin and has 
caused allergic skin reactions in laboratory animals.

Ingestion – THPS may be fatal if swallowed. Swallowing 
smaller amounts may cause gastrointestinal irritation.

Inhalation – Inhalation of THPS mist may cause severe 
irritation of the upper respiratory tract (nose and throat) 
and lungs. Prolonged excessive exposure may cause 
serious adverse effects, even death.
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THPS is Green Chemistry Award Winner

There are many shades of green:

Toxicity is relatively low compared to other biocides and less 
toxic to nontarget organisms

Relatively low treatment levels

Rapid breakdown in the environment

No bioaccumulation

Does not contain volatile organic compounds (VOCs)

Halogen-free so does not contribute to organic halides (AOX)

Overall reduction in risk of health and safety incidents
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Common Measures of Green

Organic and Biodegradable 

Aquatic Toxicity

Non Phosphorous

Minimal pollutants or By-products to Water, Solids, or Air

Carbon Footprint

Water Use Efficiency



Biodegradation & OECD 306 Test

Biodegradation testing of commercial chemicals is generally 
performed using test guidelines of the Organization for 
Economic Cooperation and Development (OECD).

Information on the degradability of organic chemicals may be 
used for hazard assessment or for risk assessment. 

Hazard assessment or risk in general, and aquatic hazard 
classification in particular, are normally based on data obtained 
in standardised tests for ready biodegradability.

Degradation rates, or half-lives, are preferably determined in 
simulation biodegradation tests conducted under conditions that 
are realistic for the particular environmental compartment.

Readily Degradable :  Six Test Methods in OECD Guidelines: 
Biodegradability: 70% DOC reduction in 28 days.

Inherently Degradable:  20% DOC Reduction in 28 days.



Achieving High Biodegradability 
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OECD 306 Degradation Study



Hydrex Carbon Footprint Determination

Carbon Footprint Assessment of Hydrex products being 
determined. Well along to being completed.

There have been steps and a process to go through to 
achieve the Carbon Footprint of Hydrex Products



Defining the Perimeter and Using Emissions 
Factors 

In every kind of carbon assessment , it is a summation of 
activities times emission factors:

Where i is the perimeter, Ai is the activity data (kW.h of 
natural gas, tons of steel, tons.km of freight, etc.) and EFi
is the emission factor.

Therefore, with an agreed perimeter and an agreed 
emission factors database, every accountant will achieve 
the same GHG emissions assessment!
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Carbon Footprint Methodology of Chemicals

Annual data per ton of Hydrex
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Confidentiel

From Carbon Footprint to Water Index

Carbon Footprint

Metric: ton – CO2 equivalent

Water Index

m3 – freshwater equivalent

VusedEi

Direct and Indirect WF3 scopes of evaluation

i

AiEiOne Formula 



Confidentiel

Water Footprinting (Indexing) Methodology 
Developed by Veolia

Water: a complex issue…

…but need for a stand-alone indicator!

Quality

Type of resource used

Different types of use

Related impacts?

Scarcity



Confidentiel
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What do we mean by Water Indexing?
The Water Index indicator accounts for…

… the availability reduction of water resources generated by an 
entropic activity. It allows evaluating how other water users 
(both humans and ecosystems) would potentially be deprived 
from this resource.

… expressed in “m3 - freshwater equivalent”
Following parameters are considered :

Volume of water used

• Water abstracted

• Water released

Water quality

• Water abstracted

• Water released

Local hydrological context

• Freshwater scarcity

Resource type



Confidentiel

Water Indexing Methodology Developed by Veolia: 
Scopes of Evaluation

Resources 
extraction

Production

Distribution

Use

End-of-life

Life Cycle Approach



Greener Polyacrylamide Flocculants:
Green Acrylamide Production Method



Greener Polyacrylamide Flocculants:
Green Acrylamide Production Method

Production of acrylamide by bio-route process, using a 
catalyst. This process is greener because it reduces waste 
production thanks to the high efficiency of the process, and 
the yield is almost 100%.

The catalyst is recycled by washing it, during 1-2 months, 
then it is incinerated.

No waste produced during this process.

They reuse some of the raw materials’ packaging

The waste water produced in acrylamide plant is reused in 
the emulsions plant



Why Natural Flocculants: “Green 
Polymers?”

Tighter and tighter legislation on 
A-PAM & C-PAM dosing for 
drinking water clarification. Some 
countries such as Spain even 
prohibit polyacrylamide dosing. 

Ballasted clarification does not 
work without flocculant aids.  

Monomers present in PAM are 
deemed carcinogenic.

Public scare and precaution 
principles may prevent PAM 
dosing.
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Origins of Natural Flocculants

Potato and Corn Starch, Alginates

Starch

Alginates



Biofilm Control With Engineered Phages

What if phages (bacteria 
specific viruses) could be 
functionalized to kill specific 
bacteria or create work on 
specific bacteria to create 
enzymes that would remove 
biofilms?
• Reduce adverse effects of 

biofilm

• Reduce or eliminate chemical 
biocides



Odor Control and Piping Network Protection

Veolia has witnessed 2 cm per year loss to concrete and 
ductile iron in sewer piping networks and total 
destruction in 3 years.

Chemicals are commonly used now to control odor and 
corrosion from hydrogen sulfide

Engineered phages and aeration could be the least 
expensive, most effective, and best environmental 
solution.



Electrobiochemical Reactors

What if the ORP in packed 
bed biological reactors 
could be closely controlled 
using low voltage?
• More robust bacteria

• Reduction in footprint and 
operating costs

• Improved metals removal or 
nitrate reduction

• Resource recovery 
opportunities



Legionella Control

Veolia Protocol for Legionella 
control in cooling tower waters 
and domestic water systems.

Technical control factors 
determined to minimize risk. 
Prioritized into four categories.

Implement all #1 technical 
categories and nearly eliminate 
the risk.



Zero Liquid Discharge for Cooling Towers

For the right cooling tower 
system:
• Soften makeup water with high 

efficiency softeners

• Use natural silica in water as 
corrosion inhibitor

• Use high pH and high TDS as 
biostat

• Operate with zero blowdown water 
to the envirorment

• Eliminate chemical use

• Reduce water consumption



Conclusions

Green is complicated

Understanding greener solutions takes a lot of work. It is 
not just what feels right

Many greener solutions are in use

Veolia innovates starting with green in mind: chemicals, 
energy, and water

Good News: Many green solutions are in the works
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