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This standard is issued under the fixed designation D 6852; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

There is an increasing desire in United States and other parts of the world to use materials and
products derived from biobased or renewable resources as a means of reducing dependency on fossil
based resources and decreasing their environmental profile. Central to the determination of biobased
content, resource consumption and environmental profile of materials and products is the origin and
fate of the carbon contained in or released during their production, use, and disposal.

Both biobased and fossil materials have carbon as a common foundation. The amount of renewably
fixed carbon utilized is a measure of the biobased resource content of a product. Carbon also
represents a large part of a product’s environmental profile. It is thus reasonable to use carbon and
carbon equivalent to combine and track raw materials and energy consumption in the creation of a
product.

It is very useful to know the biobased content of a material or product. However, knowledge of all
the resources consumed and byproduct materials and energy released allows determination of its
environmental impact and thus materially raise the understanding of the consequences of the creation
of the product.

1. Scope ation. In general, the level of detail required to evaluate

1.1 This guide covers a process to determifiebjobased ~Material and energy inputs and outputs can be reported without
content of materials and productg) fotal resource consump- 'evealing proprietary unit process information. Unit processes
tion, both biobased and nonrenewable, in the form of rawf@n be treated as black boxes with inputs and outputs. If
materials and energy, an@)(an environmental profile, which business con_ﬁdentlahty is _st|II a concern, unit processes can be
would also include emissions and waste generated. further combined or the final LCA (Life Cycle Assessment)

1.2 Reference to the use of factors to convert materials ant§sults can be reviewed and certified by an external, indepen-
energy to carbon equivalents are proviq@eb). In addition, dent expert with which the vendor will have the appropriate
the use of ISO standards to determine the material and enerCcrecy agreement.
inventories and an environmental profile of the products an% Referenced Documents
materials is discussed. It is outside the scope of this guide to’
provide a detailed description of the use and application of life 2:1 1SO Standards: _
cycle assessment tools and conversion factors for the determi-1SO 14040 Environmental Management-Life Cycle
nation of a biobased material’s environmental profile. Future _ASSessment-Principles and framework _

ASTM International standards are being prepared to cover SO 14041 Environmental Management-Life Cycle
these subjects. Assesgment-GoaI and scope definition and inventory

1.3 In the application of this guide, the protection of _analysis

business confidential information is an important consider- SO 14042 Environmental Management-Life Cycle
Assessment-Life cycle impact assessment

ISO 14043 Environmental Management-Life Cycle
* This guide is under the jurisdiction of ASTM Committee D20 on Plastics and Assessment-Life cycle interpretation
is the direct responsibility of Subcommittee D20.96 on Environmentally Degradable
Plastics.
Current edition approved December 10, 2002. Published February 2003. Origi-
nally approved in 2002. —
2 The boldface numbers in parentheses refer to the list of references appended to * Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
this guide. 4th Floor, New York, NY 10036.
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2.2 Presidential Orders® materials and energy, where energy has been converted to
13101: 9/16/1998 Greening the Government through Wastearbon equivalents: is thus the total fossil resource equivalent
Prevention, Recycling, and Federal Requisition used in creation of the material.
13123: 6/3/1999 Greening the Government through Effi- 3.1.8 fraction biobased carbon equivalent or biobased re-
cient Energy Management source content, E(B}fraction of total carbon equivalent
2.3 Legislative Actt attributable to biobased origifE(B) = B/(F+B), as fraction or
Farm Security and Rural Investment Act of 2002 (P. L.percent.
107-171), Title IX Energy, Section 9002. 3.1.9 life cycle assessment (LGAYhe collection and as-

. sembly of materials and energy input and output data including

3. Terminology an evaluation of the potential environmental impacts of a

3.1 Definitions: specified product system. The categories of environmental

3.1.1 biobased carbon equivalent-Btotal biobased carbon impacts that should be considered include resource use, human
used in the creation of the materials, including raw materialhealth and environmental emissions, and ecological conse-
and biobased energy, where energy has been converted doences.
carbon equivalent using well documented methods and con- 3.1.10 life cycle impact assessment (LCtA)he assessment
version factorsB is thus the total biobased resource equivaleniyf g product system’s environmental profile through identifi-
used in creation of the material. _ cation and evaluation of relevant impact categories.

3.1.1.1 Discussior—Examples of factors to convert a unit 3.1 11 life cycle inventory (LCH-the collection and assem-
of energy into carbon equivalent are referenced in this guidemy of materials and energy input and output data for a
However, it is outside the scope of this guide to describe theigpeciﬁed product system. LCl is only one of the phases in
use and application. This will be the subject of future ASTM ¢onducting an LCA and is not an assessment of the environ-
International standards. mental impacts associated with the product system.

3.1.2 biobased content, W(Byamount of biobased material 3 1 12 net biobased carbon equivalent, E(NBamount of

as fraction weight or percent weight of the total material.  hisnased carbon equivalent, less fossil carbon equivalent, used
3.1.3 biobased materiat-organic material in which carbon i, the creation or manufacture of a material.

is derived from a renewable resource via biological processes. 3.1.12.1 Discussior—Net biobased carbon equivalent is a

Biobased materials_ inclu_de all plant and_animal mass OleriVefheasure of the relative consumption of biobased and fossil
from CG, recently fixed via photosynthesis, per definition of @ asources associated with creation of a material

renewable resource. .
) : 3.1.13 product syster-for the purposes of this standard,
3.1.4 biobased produet-product generated by blending or the product system is the energy and material inputs and

assembling of biobased materials, either exclusively or in . .22 .
combination with non-biobased materials, in which the bio_outputs from raw material acquisition through production of

S . . t?e biobased material or product. This phase in a product’s life
based material is present as a quantifiable portion of the totg . “ "
ycle is commonly referred to as “cradle-to-gate.” “Cradle-to-

mass of the product. Biobased material in a mqucomponen‘frave,, LCl and LCA, while important, are not being prescribed

gLofhueCthhh;glirzzlﬁfasured on a component basis rather th| this guide because the ultimate function unit or use of the

. . . . biobased material could take many forms and have many
3.1.5 environmental profile or environmental footprrt ifferent fates
environmental consequences of the creation of a materiaﬂ ' . : .
measured in terms of impact indicators such as the generation3'1'.14 renewable carbon equn_/alen{carbon cor)t_amed n
or recapture of CQ biodegradability, recycling, and so forth. material created from recently fixed GGhat qualifies as a
3.1.5.1 Discussior—References are provided to interna- renewable resource. .
tional 1SO standards for conducting life cycle inventories and 3-1-15 renewable resoureeresource that replenishes or
environmental impact analysis. The specific applications of@n P& made to replenish on an essentially predictable time
these 1SO standards for determining an environmental profil§chedule, such as farm and forestry products and abundant
of biobased products are outside the scope of this guide. Thiildlife. Old growth forests, rare species and aII.fauna and flora
will be the subject of future ASTM International standards. not r(_agenerated on an essentially predictable time scale are not
3.1.6 fossil carbor—carbon contained in materials pre- C_on5|_dered renewable resource. Generally the renewal cycle
sumed to represent remnants from prehistoric life, and thulime is less than human life span (<100 years).
representing nonrenewable resources, such as oil, gas, coa|,3-1-16 total carbon equivalent or total resource consump-
and kerogen in oil shale. Fossil carbon age since fixation i§on. E() = F + B—E(T) represents the total resources

measured in thousands and usually millions of years. required to create or manufacture a material, and is thus a
3.1.6.1 Discussion—Peat moss is not fossil carbon, but is Measure of total resource demakqr)is expressed as weight
usually considered nonrenewable. of carbon per unit weight of finished material, since there is no

3.1.7 fossil carbon equivalent, Ftotal of fossil carbon defined molecular weight associated with the carbon equivalent
equivalent used in creation of the material, including rawof energy. _
3.1.16.1 Discussior—Other sources of energy, such as
wind, solar, hydroelectric, nuclear, and so forth, are reflected as

4 Available from U.S. Government Printing Office Superintendent of Documents,reducno_n in the magthde Gfthroth apprOp!"ate changes in
732 N. Capitol St., NW, Mail Stop: SDE, Washington, DC 20401. conversion factors for energy to carbon equwalent.
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3.2 Abbreviations: homogenous material, a blend or an assembly of components.
If an assembly, each component will be examined separately
and biobased components identified for further examination as
materials. Identification by components versus an assembly has
two significant merits: 1) the materials are amenable to testing
4. Significance and Use via isotope analysis an@) a rational determination of proper

. . . mount of biobased material must start with the homogenous
4.1 Biobased materials are considered a means to reduce t Sbunits and then progress to the whole assembly

consumption of nonrenewable resources and reduce the envi-g o 1he compilation and verification of biobased content

ronmental impact associated with the creation of materials angnd resource consumption data are shown in Fig. 3 and Fig. 4

Br%duétg‘\‘/esrlrjlﬁeﬁf g:sre;(serzég;'fﬁéogzs?rgd tzou]csoert?té Tbhue i The vendor is requested to supply a life cycle inventory (LCI)
N P ngr the material, which will include all raw materials and

power to promote usage of biobased materials, as evidenced ergy flows. Only a portion of the LCI data, namely the origin

éa
Presidential Orders 13101 and 13123 and the recently pass : . . : L
Farm Security and Rural Investment Act of 2002 (P.O. 107 ‘3 d quantity of biobased components contained in the finished

171) material, is used to calculate biobased cont&hifp) LCI

. . . . . jnformation on total feedstock and process energy is used to
4.2 This guide provides a vendor with a Stand"’“d'Zecgetermine biobased and total resource consumpkE¢(B) and

B:
Fy

weight of biobased carbon in finished material
weight of fossil carbon in finished material

Eéggﬁfcse;ocgﬁgjrlgg d airr‘]dcfge:gg'rlle Olfnf;)rmr%tcljourlt Orc]je:‘ihni tvc\)/ﬁl (T). Energy is converted to carbon consumption equivalent
P ’ ia accepted conversion factors. Alternately, the vendor may

fract|on .Of _the resources are biobased, ant_:l transmit th8eve|0p conversion factors and documentation for a nonstand-
information in a clear and logical way. Carbon is the founda-

. - . ard process, for example, one using large amounts of biobased
tion of both biobased and fossil (nonrenewable) resource b ' pie, glarg

Carbon also represents a large fraction of the environmentzqrsozhe'\:l;?e”r?;:;:g{] i\g:tz)lg ipee;'?eyd via svnthesis from fossil
profile considerations of a product. Therefore carbon is used in_~’ y

s guide 1o combie and tack eneroy and raw materialG7 SOUEES 2% el 2 e bovesed e (on exanrle
resources consumption involved in creation of a product. g P ' g

4.3 This guide provides a way to determine and reportcarbon in the material requires validation, it can be subjected to

weight fraction of biobased material in a product, or itscagbg nvlso(';ope anall_yzlsd per Fig. 3'. . q b .
biobased contenty/(b). .5 Vendor-supplied documentation is used to substantiate

4.4 This guide also provides for verification and validation¢laims regarding the biobased content of materials or products

of the information supplied by vendors to support their produc r both. In most. cases, vendors shou!d already have or should
claims. e able to obtain data on raw materials and resources and a

4.5 This guide provides a way to determine the biobase&'igh level description of the production processes sufficient to
and nonrenewable (fossil) resource consumption, both as ra mo_nstrate Its b|obasgd.content._ Ve_ndors are encouraged to
materials and as energy, involved in creation of a product an§'9an'2€ and present this mformatlon in the form of a LCI per
to combine the biobased and nonrenewable resources into to acdo_ 14041. for two reasons. F'rSt.’ the LCI should satisfy the
resource consumption on a consistent basis. asic requirement to document biobased content. Second, the

4.6 A companion standatdprovides a test method for LCI should establish a baseline for developing an environmen-
authentication of the origin of carbon claimed to be derivedi@ Profile by quantifying the use of energy and raw materials

from renewable resources and their associated emissions to air, water, and land.
5.5.1 The completeness of the vendor-supplied documenta-
5. Procedure tion and the nature/type of biobased material can be used to

5.1 Fig. 1 shows the main steps or elements in the proceé_%etermine if an audit step ig, necessary. By using an gxternal,
to identify and determine biobased content and resourcéldependent expert to audit the vendor documentation, any
consumption of materials and products. Note that the determEoncems regarding the disclosure of business confidential
nation of biobased contenWV(b) is concerned only with nformation can be addressed. _ N
composition of finished material. In contrast, the total re- 5.6 Based on the LCI, the following quantities are deter-
sources consumption includes the feedstock materials as wéllined as shown in Fig. 4:
as process energy involved in manufacture of the final product.

Both materials and energy are expressed as carbon equivalenw(b) -

5.2 The biobased content will be determined on homog-
enous materials or the simplest subunits into which the objecig —
can be divided. Fig. 2 describes separation of products into
component materials. A product will be identified either as af

fraction of biobased material in finished product,
that is, its biobased content
total weight of biobased carbon equivalent used in
the manufacture of the material
total weight of fossil carbon equivalent used in the
manufacture of the material

weight of biobased carbon in finished material
5 Test Method D 6866, to Determine the Biobased Content of Natural RangeF’

Matoras e Radocets e B e G A e weight of fossil carbon in finished material

aterials using Radiocarbon ana Isotope Ratio Mass spectrometry Analysis, IS a s .

newly designated standard that is, at the time of this guide’s publication, awaiting 5-6-_1 Thus quant|t|esB and F include energy and raw

final approval. materials and represent the total resource demands for the

B’
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IDENTIFY BIOBASED
MATERIALS IN PRODUCTS

|

VERIFY / VALIDATE
VENDOR SUPPLIED INFORMATON

!

CALCULATE BIOBASED CONTENT, W(b)

v

CONVERT RESOURCES
(ENERGY & MATERIALS) CONTENT
TO CARBON EQUIVALENT

|

CALCULATE BIOBASED AND TOTAL
RESOURCE CONSUMPTION, E(B), E(T)

v

DETERMINE ENVIROMENTAL PROFILE
» CO, EMISSION
* OTHER

FIG. 1 Overview Process to Determine Biobased Content, Resource Consumption and Environmental Profile of Materials and Products

manufacture or creation of the material. The quantiesnd 5.7 There are several quantities that are useful in the
F' refer to the finished material and are useful in authenticatiomlescription of the biobased content of the material and should
of the origin of carbon. The emphasis is thus on total amountbe available either to the audit agency or the purchaser or both.
and nature of carbon used, not whether the carbon appears in5.7.1 W(b), Biobased ContentW(b) is defined above and
the finished material or is used as a source of energy. Within this usually expressed as % wt. It is an easily calculated measure,
scope of this guidé- and B should be the focus of environ- but does not reflect the total resources consumed in the creation
mental impact of the material. of the material.
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MATERIAL PRODUCT
FOR
IDENTIFICATION

IDENTIFY BIO-BASED

COMPONENTS
IDENTIFY
PHYSI
BL]?N%%?L ‘Y“—‘—"" BIO-BASED -
) INGREDIENTS
N
MATERIAL FOR
BIO-BASED
CONTENT <
DETERMINATION

|

FIG. 2 Process for Separation of Products into Their Biobased Material Components

5.7.2 B, Biobased Carbon Content EquivaleAB includes  weight finished material. Again, the energy component does
all carbon from biobased sources, including raw materials andot represent a specific molecular structure or material weight,
energy. Energy from biobased sources is converted to equivandF is expressed in carbon equivalent weight.

lent carbon via conversion factoiB.is expressed as weight of 5 g There are several expressions derivable fRandF.
biobased carbon per unit weight finished material since there is

no specific weight of biobased material associated with the E(B) = %,biobased carbon content equivalent. 1)
energy component.
5.7.3 F, Fossil Carbon Content EquivalertF includes all
carbon from fossil sources, that is, both raw materials and
process energy. It is thus analogousBofor the biobased
component and is expressed as weight fossil carbon per unit
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VENDORSUPPLIES |,
PRODUCT INFORMATION
LCI
DATA N DEVELOP
AVAILABLE? " || DATA
%
NEED CONDUCT
TO AUDIT? VENDOR
AUDIT
lN
VERIFIED |
INFORMATION
o>y [ oo
? —
TO VALIDATE? ANALYSIS
VALIDATED
INFORMATION
CALCULATE BIOBASED
CONTENT, W(b)

FIG. 3 Process to Determine and Verify Biobased Content

Where: E(B) represents the fraction of biobased resources Where:E(T) represents the total expenditure of resources in
among the total resource consumption in the creation of @&arbon or carbon equivalent attendant to creation of a material,
product.E(b) should thus be the quantity used in assessment dioth from renewable and nonrenewable resources.

biobased content of a product in the environmental sense. E(NB) = B — F, net biobased carbon content equivalent (3

E(T) = B + F, total carbon content equivalent (2)
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|

VALIDATED INFORMATION

ENERGY
MATERIAL (AS FEEDSTOCK)

CONVERT RESOURCES (ENERGY AND
MATERIALS) TO CARBON EQUIVALENT

FOSSIL-BASED BIO-BASED

CARBON EQUIVALENT (F) CARBON EQUIVALENT (B)

» B/(F + B), BIO-BASED CARBON CONTENT EQUIVALENT
* F+ B, TOTAL CARBON CONTENT EQUIVALENT
* B-F, NET CARBON CONTENT EQUIVALENT

FIG. 4 Determination of Biobased and Total Resources Consumption

E(NB) is the difference between the renewable carbon andhately equivalent to starch) and no fossil carbon. Let the total
the nonrenewable or fossil carbon resources and represerggocess energy consumption be equivalent to 0.6-kg carbon/kg
thus the net “gain” or “loss” of recently fixed carbon. Since thematerial. All process energy is assumed to be derived from
terms contain both energy and materiBl,and F must be fossil carbon. Process yield is assumed to be 100 %, sdthat
expressed in terms of carbdB(NB) can assume values from = B’. Thus:
<0 to +1, if unit weight of carbon is used in definition Bfand
F

A material with E(NB)= 1 denotes a pure biobased carbon B = 0.4
material manufactured without the use of fossil carbon. - 0.6
5.9 F and B’ are quantities needed in authentication of B, - B
claims in regard to biobased content of materials by means ot~ 0

carbon isotope analysis.
Hence:

6. Numerical Examples

6.1 Assume that a hypothetical biobased material contain

0.4-kg biobased carbon per kilogram of material (approxi—ﬁN(b) = biobased content = 1.0 or 100 %
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E(B) = 0.4/(0.4+0.6)=0.4 or 40 % globally as an important tool in documenting material and
E(T) = 04+06=1.0 energy inputs and outputs for a given product system and for
E(NB) = 0.4-0.6=-0.2 assessing possible environmental impacts. The International

6.2 The net equivalent biobased carbon content shows th&lrganization of Standardization (ISO) has developed a series
the fossil carbon use slightly outweighs the renewable carbonf recognized practices for conducting the various stages of life
use. The example illustrates the potential significance of theycle assessments (ISO 14040, 14041, 14042, and 14043). Itis
energy component in manufacturing. outside the scope of this test method to prescribe methods for

6.3 Most manufacturing represents negative net biobaseebnducting LCA. However, the use and application of LCA
carbon flow on the basis @&(NB). Agriculture, which usually tools for the determination of an environmental profile of
shows a positiveE(NB), can also show a significafit value  biobased materials and products will be the subject of future
because of the energy component. ASTM International standards.

6.3.1 Consider the above case, with 50 % of the energy Within the context of this test method, LCA as a technology
derived from biobased fuels (for example, bagasse or residusill be referred to and used in two ways. The first is called life
from saw mill). cycle inventory analysis (LCI). The second is called a life cycle

impact assessment (LCIA), which, in addition to the inventory,
includes the development of an environmental profile for the

B = 0.4+0.3=0.7 biobased material or product or both. By their nature, aspects
E, _ 82 of LCI and the more inclusive LCIA may be subjective, ar)d
= O. therefore, the scope, boundary conditions, and assumptions
used must be clearly specified. ISO 14040 describes the uses
Thus and limitations of the LCA technology.
7.2 Use and Limitations
7.2.1 The purpose of the LCIA is to develop an environ-
Wh) = 1.0 mental profile of a product system’s energy and raw materials
E(B) = 07 inputs and outputs as determined in the LCI. ISO 14042
E(TY =07+03=10 specifies a process for selecting environmental impact catego-
E(NB) = 0.7-0.3=0.4 ries and their associated environmental indicators that can then
6.4 Thus use of biobased material as a source of energy cde used to quantify the environmental issue of concern. For
have a significant effect oB(NB). example, the environmental indicator for the climate change

6.5 Assume a hypothetical synthetic material containsmpact category could be greenhouse gas emissions. It is
0.85-kg carbon/kg finished material (similar to polyolefins) andoutside the scope of this guide to specify a particular set of
the manufacture requires 0.4-kg carbon equivalent, all fronimpact categories for developing an environmental profile. The
fossil resources. Thus primary reason for this is that the selection of relevant
environmental impact categories is highly product system
specific. Details for conducting the LCIA can be found in ISO

E f885+04—125 14042.
W(b) _ EI(B): 0 T 7.2.2 Results of the LCIA form the basis of an environmen-
B -0 tal profile. No attempt is made in this guide to provide an
= - 0.85 interpretation or make a recommendation. The intent behind
E(TY = 0.85+0.4=125 the development of an environmental profile is to provide
E(NB) = 0-1.25=-1.25 consumers and users of the biobased material or product with
information so that they can make more informed purchasing
7. Summary of Environmental Profile Determination decisions.

7.1 Aprocess for determination of a material’s environmen-
tal profile is shown in Fig. 5. Life cycle assessment (LCA),8- Keywords
while still at an early stage of development, is recognized 8.1 biobased content; carbon; renewable resource
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DETERMINE ENVIRONMENTAL PROFILE
» CO, EQUIVALENT EMISSIONS +—
+ OTHER

DEFINE SCOPE
IDENTIFY RELEVANT IMPACT CATEGORIES
SELECT ASSOCIATED INDICATORS

LCIA
DATA N DEVELOP
AVAILABLE? ’ LCIA DATA
DOCUMENT ASSUMPTIONS BY

RELEVANT IMPACT CATEGORY

DEVELOP ENVIRONMENTAL PROFILE

FIG. 5 Determination of Environmental Profile of Materials and Products
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