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We hear a lot of discussion of concepts like ‘sustainable’, ‘renewable’, ‘green’ and ‘environmentally friendly’, but it’s often not entirely clear what those terms actually mean. Much of it is a serious, conscientious effort to explain and reduce the impact we have on our environment, but an unfortunate minority is hype and mis-direction, with minimal grounding in fact.
Problem is that there are no generally accepted definitions of just what products and practices are ‘green’ or ‘sustainable’ or ‘environmentally friendly’ and which are not – little agreement, in fact, about what those words actually mean. There’s little guidance for developing and presenting evidence of ‘green-ness’, and only the loosest scrutiny of how the terms are used or of the claims that advertisers make.
“Greener Materials and the Markets that Use Them” is an attempt to bring a bit of order and objectivity to the range of ‘green’ related topics that seem to sow confusion and dissatisfaction among users of traditional chemicals and plastics and of the ‘greener’ materials promoted as their more environmentally responsible replacements.
In researching this book, I found myself classifying claims for environmentally friendly products and initiatives into four ‘green’ buckets:
Renewable raw materials, derived from ‘natural’ (that is, plant or animal) sources
Biologically-based processes for transforming raw materials (usually from renewable sources) into intermediate or finished products
Recyclable, compostable or bio-degradable materials to minimize products’ end-of-life impact
Energy efficiency and waste reduction, through process design, supply chain management, and operating excellence to reduce a product’s cradle-to-grave carbon footprint
Each of these buckets is undergoing intensive debate, R&D, new product development, and new business creation – along with a fair degree of public and regulatory interest. And along the way, I was surprised to learn just what a long and important list of traditional products fall into one or more of these buckets:
In “Greener Materials and the Markets that Use Them”, I describe the many ‘green’ materials available today - and some soon to emerge from R&D - and many of the important applications in which they’re used today. I lay out the essentials of the key green-ness debates, regulation and development, and outline pathways for entrepreneurs and established businesses to become ‘greener’ – and to profit from it.
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There is a great deal of discussion - in the public, within the chemicals and plastics industries, and in the global regulatory community - about terms like ‘sustainability’, ‘renewable’, ‘green’ and ‘environmentally friendly’ in regard to the products we consume, the raw materials, manufacturing and distribution processes that bring them to us, and their disposal at the end of their useful life. In the public arena, there is little common understanding of what these terms actually mean, and little agreement about just how ‘green’ specific products and processes actually are.
At one end of the spectrum, the business and scientific community – ASTM, ISO, and the EPA, the academic community, the national research labs, and others - have published guidelines and standards for judging the ‘green-ness’ of chemical products and processes and for estimating their cradle-to-grave carbon footprints. At the other end of the spectrum, marketers occasionally trumpet the environmental friendliness of their products based on considerably looser definitions of green-ness and sustainability. The general public, and often, even the experts, can make only the haziest of distinction between facts, hype, and scare tactics about the chemicals and plastics they encounter.
While data-driven measurement of “green-ness” is, and will remain, intrinsically difficult, the industry seems to be following pathways that will eventually converge upon practical methods to objectively compare competitive products and processes. As important, regulators and private agencies will develop guidelines and impose limits upon how these terms can be used for product description and promotion (similar to limitations placed upon terms like “organic” and “natural” in food and beverage applications).
The chemicals and polymers industries have been quite successful at achieving one very real and very important kind of green-ness and sustainability – through substantial and continuing improvements in process efficiency, waste reduction, and energy conservation.
While these do indeed make real and substantial contributions to improving the environment, this report focuses upon more non-traditional avenues toward ‘green-ness’ which seem to dominate the public discussion of green-ness and sustainability.
More Environmentally Friendly Materials
Many materials in use today, and many emerging from R&D labs, substantially reduce the environmental burden of using chemicals and polymers. In general, these materials-related contributions to ‘green-ness’ fall into three categories:
Materials derived from renewable plant or animal sources
Materials produced through biological processes like fermentation
Materials which are readily recycled, composted or bio-degrade
The use of raw materials derived from plant or animal sources is an area of intensive ‘green’ product development, but it is also the basis for a surprisingly large number of traditional high volume chemicals and plastics, for example:
Natural rubber, especially important to automobile and transportation sectors, is the key ingredient in a wide variety of elastomeric products
Unsaturated fatty acids, derived from vegetable oils and wood, pulp and paper wastes are used in alkyd paint resins, adhesive and sealant compounds, paper and textile processing chemicals, and a host of smaller specialty applications.
Epoxidized soy bean oils form an important class of plasticizers for Poly Vinyl Chloride. Other, saturated, fatty acids are the basis for a multi-faceted detergent and surfactant marketplace.
Large segments of the multi-billion dollar urethane foam industry utilize sugar based sucrose polyols; and others use polyols derived from forest products industry wastes.
Some of the important dibasic acids (sebacic acid, for example, from castor oil) used to make synthetic lubricants, specialty nylon resins, adhesives, paper chemicals are extracted from plant sources
Industrial enzymes accomplish a number of industrial and consumer products tasks, notably in laundry and cleaning products, in food processing, and in pulp, paper and textile production.
Cellulose (from plant fibers) underpins large cellulose polymers and cellulose chemicals businesses, and the Tall Oil Fatty Acid business is built upon forest products wastes.
Non-traditional materials, made from biologically based manufacturing processes such as fermentation, are beginning to replace products which were traditionally derived from oil, natural gas or coal. Some notable examples include:
Ethanol from corn or cane sugar for motor fuels is, of course, the largest and most prominent of the bio-based chemicals.
1,3-Propane Diol, an intermediate for specialty polyester resins used, for example, in carpeting.
Commercial scale ventures to make ethylene and ethylene derivatives are coming on line in Brazil and China, based on bio-ethanol feedstocks.
Bio-based processes to make a number of other traditional industrial chemicals are nearing commercialization (often hindered more by their economics relative to petroleum than by their science or engineering). Examples include:
Soon-to-be commercialized succinic acid, as precursor to butanediol and related C4 monomers, 5-member hetero-cyclics, and ‘natural’ cleaning products.
Butanol (and higher alcohols) for both fuel and chemical uses
Greener polymers and greener plastics applications include polymers made through biological processes, plastics which disintegrate or decompose in the environment, and aggressive plastics recycling / reuse systems. Important segments of the food & beverage, consumer packaged goods, agriculture and food service industries have substantially lowered their environmental impact through polymer-based initiatives. Prominent examples of more environmentally friendly plastic usage include:
Many hundreds of millions of pounds of plastics are recovered and reused each year. Notable examples include recycling of post-consumer PET polyester bottles, HDPE containers.
Biodegradable or compostable PLA and PHA polymers are made by fermenting starches and sugars in bio-processes. These are being used in variety of packaging film and container applications.
Markets for Green Products
Products made from renewable raw materials, bio-based processes, or recyclable polymers have already achieved substantial success – in the automotive and transportation sectors, in building and construction materials, in food and beverage processing and packaging, and in a variety of smaller market niches. Initiatives nearing commercialization promise to greatly expand the footprint of ‘green’ materials.
The Benefits of Being “Green”
Companies are motivated to invest in ‘green’ technologies for a number of reasons:
Complying with laws and regulations designed to promote energy conservation and emissions reduction
A desire to improve manufacturing economics by reducing raw materials and energy consumption, and by minimizing scrap and waste
Marketing strategies designed to increase sales and profits by satisfying customers’ desires for green products and suppliers
A commitment to “do the right thing”
Companies may earn a return on this investment in ‘green-ness’ by reducing their costs for energy and raw materials, by earning price and market share advantages from their customers, or through stronger corporate stature and reputation.
While we hear a great deal of discussion and marketplace ‘buzz’ about sustainability, green materials and renewable resources, there seems to be no general agreement upon definitions and standards for determining just what is and is not “green”. Perhaps the best place to start is with the EPA’s “Twelve Principles of Green Chemistry”
It is better to prevent waste than to treat or clean up waste after it is formed.
Synthetic methods should be designed to maximize the incorporation of all materials used in the process into the final product.
Wherever practicable, synthetic methodologies should be designed to use and generate substances that possess little or no toxicity to human health and the environment.
Chemical products should be designed to preserve efficacy of function while reducing toxicity.
The use of auxiliary substances (e.g. solvents, separation agents, etc.) should be made unnecessary wherever possible and, innocuous when used.
Energy requirements should be recognized for their environmental and economic impacts and should be minimized. Synthetic methods should be conducted at ambient temperature and pressure.
A raw material or feedstock should be renewable rather than depleting wherever technically and economically practicable.
Reduce derivatives - Unnecessary derivatization (blocking group, protection/ de-protection, temporary modification) should be avoided whenever possible.
Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.
Chemical products should be designed so that at the end of their function they do not persist in the environment and break down into innocuous degradation products.
Analytical methodologies need to be further developed to allow for real-time, in-process monitoring and control prior to the formation of hazardous substances.
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