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A life cycle analysis (LCA) of Exaphen® resins is herby presented using a process-based “Cradle-to-Gate”
type of analysis.  This type of LCA analyzes the impacts to the environment that our products have from
the time they begin to grow to the time they leave our production facilities.
Additionally, a comparison of our products to similar competing products has been included, such as soy
and petrochemical derived products. 

Environmental Impact Assessment
The environmental impact was assessed with the U.S. Life Cycle Inventory Database (U.S. LCI).  These LCI's
meet the ISO 14040 Series Standards.  Additionally, the conversion factors for each output were obtained
from the Building for Environmental and Economic Sustainability (BEES) guidelines, which were themselves
based on the Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts
(TRACI), which are also ISO 14040 series compliant (2, 4). 

Results
Our products show gains in all areas, especially in fossil fuel depletion and global warming potential.
Note that on the graphs, smaller area indicates better performance.

The model was constructed using the concept of a mass balance, where every process had associated with
it various environmental impacts. These impacts were calculated on an intensive (per mass, volume, or
energy) basis, so that conversion and comparison calculation was the following:

Net = Generation − Consumption

In this instance, Generation refers to a particular environment impact increasing in the environment, and
Consumption meaning it decreases. So CO2 consumption is the desired goal in terms of the GWP impact.

Summary 
The LCA shows great improvements in the areas of GWP for all of our products when compared to petrol-
based (Table/Figure 2, 3).  This is due to the potential of the cashew tree to sequester CO2.  In the case of the
polyols, the usage of fossil fuel is improved over the petrol-based polyol, but not as much as the soy-based 
polyol.  However, our Novocard resin improves fossil fuel usage greatly over both soy- and petrol-based 
resins.  The diference is due primarily to the additional petrol-based material sources for the soy-based 
resins.  In the case of the soy polyol, the amount of petroleum-based is much less than in the soy resin, thus 
accounting for the drastic increase in the amount of fossil fuel depleted.  The same reasoning is applied to 
the smog impact.  The greater the amount of petrol-based materials in a product, the closer its impact will be
to the petrol-resin.

Our low numbers in terms of Eutrophication and Ecotoxity are due to fertilizer usage and pesticide usage
(or lack thereof).  As the cashew tree requires little/no irrigation and pesticides to grow and produce
nuts, the environmental impacts in these areas are only dependent upon the amount of petrol-based
materials used in these hardeners and resins, of which there is very little.

Overall, it was shown that CNSL-derived products have the potential to sequester a large amount of CO 2

from the atmosphere while improving the impact the material has on the environment.  Other bio-based
materials have similar potential to reduce the negative impact of petrol-based products.
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Illustration 2: NovoCard LCA results in comparison
with Soy and Petrol Resins

Illustration 1: PolyCard LCA results in comparison
with Soy and Petrol polyols

Illustration 3: Overall PolyCards and NovoCards LCA comparison



Glossary
Global Warming Potential (GWP):

The GWP is the total amount of equivalents of Carbon Dioxide released into the environment.
Based on the GWP of Carbon Dioxide.  Measured in kilograms CO2 equivalents per kilograms
product.

Eutrophication (Eutro):
The potential for increasing the nitrogen content of the environment, especially bodies of
water.  This leads to algae population explosion, which deoxygenates the water, killing the
life in the body of water.  Based on the eutrophication potential of Nitrogen.  Measured in
kilograms Nitrogen equivalents per kilogram of product.

Fossil Fuel Depletion (Fossil):
The amount of potential energy from fossil fuels used during the process.  Measured in MJ
per kilogram product.

Water Intake:
Amount of water used during the process.  There is no conversion factor for water usage,
thus identifying the total amount of water usage is the best that can be accomplished.
However, this proves to be difcult as the database doesn't list the amount of water used in
processes.  Water intake is not yet included in the LCA model at this time.

Smog:
The potential for smog creation due to a process.  Based on the standard smog-forming
potential of Nitrogen Oxides.  Measured in kilograms Nitrogen Oxide equivalents per
kilogram product.

Ecological Toxicity (Ecotox):
The increased levels of chemicals and materials that may cause ecological damage.  Based on
the toxicity of 2,4-dichlorophenoxy-acetic acid.  Measured in kilograms 2,4-D equivalents
per kilogram of product.
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