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In the commercial area, classification of chemicals is not as straightforward as in
the scientific area. Depending on the perspective taken, different levels can be uti-
lized - moving from segments consisting of individual chemical compounds to the
other extreme of segments only defined by the end use of chemicals. In between,
there are several other levels in which both perspectives are mixed to a certain
degree. The different levels are discussed along with the issues arising from their
often simultaneous use. In addition, guidelines are given on the suitability of diffe-

1 Introduction

In the chemical industry, different chemical prod-
ucts, groups of chemicals, functions and end uses
are frequently utilized as a structural and organi-
zational framework:

B Evonik has six business units (BUs), i.e. Con-
sumer Specialties, Health & Nutrition, Inorgan-
ic Materials, Coatings & Additives, Performance
Polymers and Advanced Intermediates (Evonik,
2013).

® Typical market reports for the chemical indus-
try cover such topics as, e.g., polypropylene, aro-
matics, surfactants, paint additives.

B |ndividual positions in chemical companies are
often responsible for specific products (e.g., key
account managers), functions of chemicals (e.g.,
technical service specialists) and end uses (e.g.,
end use managers).

® From the customer side, requests may come for
specific chemicals (e.g., from procurement), for
test materials with shared functional groups,
or for materials suitable for a specific end use
industry.

Taking the Evonik case as an example, the classifi-
cation utilized for their products uses several lev-
els at the same time and thus has considerable
potential for creating confusion. Three of the six
segments (Consumer Specialties, Health & Nutri-
tion, Coatings & Additives) are primarily defined
by specific end use industries. One (Inorganic Mate-
rials) is loosely based on chemical similarities, one
on a combination of function and chemical prop-
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rent levels for specific areas of the chemical industry.

erties (Performance Polymers) and one on the posi-
tion in the overall chemical value chain (Advanced
Intermediates) (Evonik, 2013). Like a shoe shop offer-
ing different departments for red shoes, for men’s
shoes, for large-size shoes and for leather shoes,
the approach mixes a number of different perspec-
tives, and it is far from clear that the outcome is
serving its purpose.

Practitioners in the chemical industry are some-
times only vaguely aware of these different per-
spectives. Even if they are aware of this issue in
principle, it is not well defined how many different
levels are commonly utilized and what the individ-
ual segments are on each level. The issue is further
exacerbated by the tendency of chemical compa-
nies to each use their own market definitions, prefer-
ably if this allows them to claim market leadership
in segments with a questionable underlying ration-
ale.

This paper aims to describe the individual levels on
which chemicals are frequently categorized. The
core hypothesis is that 5 different levels are fre-
quently utilized, also often in parallel, without the
users of the classification being fully aware of the
resulting inconsistencies. As a consequence, sub-
stantial problems may arise in managing a chem-
ical business. These problems include duplication
of research efforts, reduced leveraging of syner-
gies,and unclear responsibilities for specific prod-
uct-customer combinations. An additional goal of
the paper is to give some guidance about which
categories are the most suitable in specific situa-
tions.

In the context of this paper,a number of terms with
specific definitions will be used. The term “Classi-
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fication” describes the overall process of grouping
different items. A classification may be done using
different levels as a basis for the classification
process.Therein, “Level” is the basic ordering prin-
ciple which forms the basis of the classification.
Within each level, there are different “Segments”,
the different items used to subdivide each level. To
give an example: If the objective is to classify all
objects in one room, this overall process is called
classification. Levels (i.e., ordering principles) used
to achieve this classification are, e.g., color, size,
weight, use, etc. Within the level “color”, different
segments are, e.g., green, blue, red, etc.

2 Classification Levels
2.1 Most commonly used levels

The 5 levels most commonly used move from
purely chemical ordering principles to those that
are more and more oriented towards the end user
industries. These levels are as follows:

® |ndividual chemicals (e.g., hydrogen peroxide)

® Chemical groups, i.e., groups of chemicals with
chemical similarities (e.g., aromatics)

m Functional segments,i.e., segments defined by
the function/property of chemicals in end prod-
ucts (e.g., surfactants)

m Application segments,i.e., segments defined by
customer industry (e.g., paint additives)

m End use industry (e.g., coatings).

2.2 An Example

Figure 1 shows which 5 different levels might
be used simultaneously for a single common mol-
ecule, BHT (2,6-di-tert-butyl-4-methylphenol). In
this figure, only one example is given for each level
—inreality, most chemicals fall into more than one
segment in at least some levels (see figure. 2).

m Onthefirst level, “Individual Chemical”,BHT has
a chemical name. This name describes exactly
the chemical entity and is thus defined by a spe-
cificformula, CAS number, chemical properties
and structure. In principle, each chemical com-
pound has only one official IUPAC name. In real-
ity, there is often a wealth of other commonly
used names, particularly in a more technical
than chemical environment.

B The next level, “Chemical Group”, contains seg-
ments of chemical substances that share a com-
mon functional group or a specific other com-
ponent, i.e., that from a chemical perspective
form well-defined groups. For these chemical
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groups, there is a hierarchical (rather than a sin-
gle) set of segments. For example, BHT can be
described as an aromatic compound or a mod-
ified phenol. In addition, many chemicals have
more than one characteristic chemical group
and thus may belong to multiple segments on
the same level.

m The level “Functional Segment”looks at chem-
icals from the perspective of a property that a
specific chemical may contribute to a finished
product,or a physical/chemical function a sub-
stance may have in a product. Here, the focus
has already shifted away from the chemical per-
spective. Chemically, substances with similar
function may have very different composition.
For example, other common antioxidants are
not based on sterically hindered phenols but on
amines, unsaturated functions etc. Again, many
chemical compounds will have more than one
function, either because they contain more than
one chemical group or because a specific chem-
ical group has more than one function.

m The level “Application Segment” contains seg-
ments that are commonly used as market seg-
ments within chemicals, as in the example of
BHT (“Paint Additive”, they frequently are com-
binations of broad functions (“Additive”) with
specific target industries (“Paint”)). Chemical-
ly, substances within the same application often
have no relationship to others. For example,
“Paint additives” also includes UV stabilizers,
rheology modifiers, surfactants, catalysts etc.,
which share no specific chemical characteris-
tics. As before, a specific chemical may have
numerous applications.To give another exam-
ple, BHT does not only belong to the segment
of paint additives but also to the segments of
cosmetics additives, food additives, fuel addi-
tives, pharmaceutical additives and rubber addi-
tives

m Finally, the level “End Use Industry” utilizes the
customer industries of chemicals as segments.
Obviously, many chemicals such as BHT also go
to a variety of (different) end uses, as already
indicated by the application level, and thus
belong to more than one end use segment.

2.3 From many chemicals to fewer applications
and end customers

For the number of segments on each level, there
is a broad trend towards a smaller number towards
the end use side (see figure 3). While there are tens
of thousands of commercially available chemicals,
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the number of end industries is well below 100,
unless a very narrow definition of the industries is
used.

2.4 A first draft of existing levels and segments
for the chemical industry

A first attempt is made to provide a list of the
individual segments on each of the 5 levels out-
lined above.This list will only give some examples,
particularly for the first level (Individual Chemicals,
where only some examples of the first few items
of commercially available chemicals are listed) and
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the second one (Chemical Groups) but aims to be
somewhat more comprehensive for the more lim-
ited number of segments on the levels of Func-
tions, Applications and End Customers (see
table 1). Nevertheless, such a list can clearly only
represent an illustration of the principle at this
stage. Preparation of a definite list will require a
much broader participation of a variety of indus-
try experts.

Figure 1Levels applicable to BHT (Considering only one example for each level).

Chemical Individual Chemical
Focus
Chemical Group
Functional Segment
Application Segment
End Use
Focus End Use Industry

2,6-di-tert-butyl-4-methylphenol (BHT)

Modified Phenol

Antioxidant

Paint Additive

Paint & Coatings

Figure 2 Levels applicable to BHT (Multiple examples are included if applicable).

BHT Modifed Phenol Antioxidant ~ Cosmetics additive Cosmetics
Phenol Food additive Food
Aror:gtiﬁg"m' Fuel additive Fuel
Modified toluene Lubricant additve Lubricant
Paint additive  Paints & Coatings
Plastics additive Plastics
Pharma additive =~ Pharmaceuticals
Rubber additive Tires
l |
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3 Issues arising from these levels

In itself, utilizing these different levels in paral-
lel is not an issue. However, it can easily turn into
a complication if users are not aware of the obvi-
ous nonalignment of the different levels. For exam-
ple, it may easily happen that within one compa-
ny,there are product managers for individual prod-
ucts (e.g., hydrogen peroxide), for chemical groups
(e.g., silicones), for functions (e.g., defoamers) and
possibly also for applications (e.g., paint additives).
Similar problems arise from defining relevant mar-
kets and competitors.

Coming back to the example of BHT, the ques-
tion is which segment(s) this chemical should be
assigned to.The answer is straightforward for the
level of “Individual chemicals”. It will probably also
not lead to major issues on the next two levels of
“Chemical group” and “Functional segment” but
will obviously be much more complex on the two
levels most closely related to customer industries,
“Application segment”and “End use industry”. Here,
it will be impossible to assign only one segment to
BHT unless the producing company is willing to
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restrict itself to only a small share of the total BHT
market. The solution commonly employed to deal
with these issues is to create overlaying structures
of responsibilities based on different levels (see
discussion below), which obviously leads to addi-
tional internal complexity.

Chemical companies use classifications for a
purpose. One key objective is to decrease internal
complexity and/or human resource requirements.
Instead of having one person responsible for each
segment on each level, which would either require
a huge number of staff or massive multiple assign-
ments to each employee, certain responsibilities
are bundled.This bundling should be done in a way
that it allows for some specialization of the employ-
ee responsible. This would not be achieved if the
bundling was done randomly. Therefore, there is a
strong case to be made for using classifications as
means to allow for specialization while at the same
time limiting the resource utilization.

Figure 3 Approximate number of segments for each level.

=
r

Number of Groups (log scale)

Chemical
Group

Individual
Chemical

Chemical Focus

Functional Application End Use
Segment Segment Industry
—_— End Use Focus
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Table 1 Levels to describe chemicals and indidvidual segments on each level.

ABS (acrylonitrile buta- Adhesives &

diene styrene) Acrylic monomer Absorbent Sealants Adhesives
Acetaldehyde Acrylic resin Accelerator Agrochemical Agriculture
Acetic acid Alcohol Adhesive API (actwe pha.rma- Automotive
ceutical ingredients)
Acetic anhydride Aldehyde Adsorbent Biotech chemicals Aviation
Acetone Alkylamine Antioxidant Clean.ers .(md.ustrlal Ceramics
and institutional)
Acetonitrile Aluminum Biocide Constrqctlon Chemicals*
compound chemicals
Acetophenone Amine Brightener Consumfer Care Construction
chemicals
Acetylene Amino acid Building b!OCk Electronic chemicals Cosmetics
(synthesis)
Acrylamide Amino resin Catalyst (emission Explosives Electronics
control)
S Ammonium o .
Acrylic acid compound Catalyst (process) Feed additive Explosives
Acrylonitrile Aromatic Chelating agent Food additive Flavors & Fra-
compound grances
Adipic acid Barium compound Colorant Imgaging chemicals Feed
Aluminum oxide Boron compound Coolant Laborafcory Food
chemicals
Ammonia Bromlnajced Corrosion inhibitor = Leather chemicals Fuel
organic
Ammopn;:g phos- Bromium organic Detergent Lubricant Furniture
Ammonium sulfate Calcium Disinfectant Lubricant additive Healthcare
compound
Aniline Cellulose acetate Dopant Membrane material Household
cleaning
Anthraquinone Chloroprene Drying Mining chemicals Imaging
rubber
Argon Chromium . . .
Dye Nonwoven fabrics Industrial cleaning
compound
AS (acrylonitrile Cycloalkane Elastomer I\!utracgutlcal Leather
styrene) ingredients
Barium carbonate Diisocyanate Engmegrmg Oil field chemicals Lubricant
plastics
Barium sulfate Diol Etchant Paints & Coatings ~ Medical device
Benzaldehyde Diolefin Explosive Paper chemicals Membrane

*) Inthis context, “chemicals” is defined as the industry producing chemicals (defined by specification) which do not have a specific application yet but rather those compa-
nies producing chemical materials for use in chemical or other products further downstream in the value chain.
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Continuation of table 1 Levels to describe chemicals and indidvidual segments on each level.

Benzene Epoxide Fertillizer Pesticide Mining
Benzoic acid Epoxy resin Fiber Pharma;?;cermedh Oil
Benzyl alcohol Fatty a.C|ds and Filler Plastics additive Packaging
derivates
. Fluorochemical - S . .
Bisphenol A (inorganic) Filling gas Printing ink Paints & Coatings
Borax Fluoropolymer Film former Rubber Paper
Boric acid Gas (elementary)  Flame retardant  Rubber processing Pesticides
Bromine Inorganic acid Flavor/Fragrance  Textile chemicals Chemicals
Butadiene Inorganic salt Fumigant Textile dye Pharmaceuticals
Butanediol (1,4) Ketone Fungicide Thermoplastics Plastics
Butanol (n) Lithium compounds  Heat stabilizer Watertregtment Publishing
chemicals
Butanone Magnesium com- Herbicide Wood tre.atment Sealants
pound chemicals
Butyl acrylate Metalorganic com- High perfqrmance Solar
pound plastics
Butyric acid Nitrile Initiator Steel
Calcium carbide Noble gas Insecticide Textile
Calcium carbonate Nylon Insulator Tire

Calcium hydroxide Olefin (alpha)

Camphor Olefin (other)

Light/UV stabilizer

Liquid crystall

Transportation
Utility

Water treatment

3.1 What level(s) should a chemical company use
as a basis for classification?

Continuing the thought from the previous para-
graph, this implies that classifications should gen-
erally be based on the level(s) in which the key
knowledge areas of a specific chemical company
are.Gains from specialization are most likely to be
achieved on these levels. What does this mean in
detail?
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The level “Individual chemicals”, in which each
segment consists of only one specific chemical com-
pound, is of somewhat limited use to most com-
panies as it does not cluster chemical products but
instead leaves them as individual units. Obvious-
ly, this is only reasonable if a company produces
only a few bulk commodity chemicals such as acetic
acid. It also has to be kept in mind that by using
this level, there is essentially no influence of cus-
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tomers and their requirements on the classifica-
tion.This limits its applicability to those chemicals
for which tight specifications exist and which are
so common that the buyers do not expect any kind
of product information apart from the specifica-
tions. Utilizing this level for classification empha-
sizes the production aspect of a company and is
thus suited if production costs are a key success
factor.

For the level “Chemical groups”, a key advan-
tage is that the perspective of the research chemist
reflects the focus. Chemists involved in more basic
research tend to think of molecules as assemblies
of different functional groups as there are many
similarities in properties and synthetic pathways
between chemical compounds carrying the same
functional groups. Therefore, this level is particu-
larly suitable for fine chemicals companies as the
efficient synthesis of a fairly large number of chem-
icals via a multitude of pathways appears to be
their key knowledge. It may also be suitable for
integrated production as it encourages parallel use
of similar chemical resources. A danger in using
this level is that problem solving may be restrict-
ed to specific chemical groups that are the focus
of the company (“If you have a hammer, everything
looks like a nail”). For example, a company focus-
ing on fluorochemicals for surface treatment may
neglect doing research on other chemicals that can
achieve the same functions. In the long run, if flu-
orochemicals fall out of favor due to environmen-
tal reasons, such a company may run out of busi-
ness.

The level “Functional segments”is utilized in a
number of specialty chemicals companies that offer
solutions to technical problems of customer prob-
lems rather than providing specific chemical com-
ponents such as on the two previous levels. If a food
producer is looking for an antioxidant to supple-
ment his food preparation, it is ideal for him to have
a counterpartin his supplier company specializing
in this function rather than in specific chemicals.
Of course, for a company this classification is only
meaningful if it can indeed offer various chemicals
that achieve the same function. This will then enable
the customer with his specific requirements (e.g.,
regarding price, color, toxicity, stability, etc.) to define
the best suited material in discussion with the
chemical supplier. Using this level already requires
a substantial amount of customer knowledge, if
only to be aware of the differences between dif-
ferent chemicals offering the same function. For
communication between technical staff of suppli-
er and customer, this level is the most suitable.

Utilizing the level “Application segment”, the
requirements for understanding the customer
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industry are again higher. Here the ownership of
the technical problem solving knowledge has shift-
ed completely to the supplier. On the level “func-
tional segment”, it is shared between supplier and
customer while on the two first levels it remained
exclusively with the customer. If the preconditions
are fulfilled (e.g., sufficient product portfolio, suf-
ficient technical knowledge), this level is ideal for
a solution provider in the chemical industry. Such
acompany would, e.g., be asked by a paint compa-
ny without strong own technical capabilities to just
provide the right mix of paint additives.

Finally, the level of “End use industry” is useful
in two cases. First, if the company focuses almost
exclusively on sales of chemicals without offering
too much technical service. For example, it is a use-
ful level for chemical distributors. This case has
some similarity with the very first one, “Individual
chemicals”,in that primarily isolated products are
delivered rather than solutions. Second, if the sup-
plying chemical company has such extensive knowl-
edge of the end industry that more or less all the
product knowledge comes from the supplier, with
the customer only providing production facilities
and marketing the product. In either case, mean-
ingful utilization of this level requires a large port-
folio for the covered end use industry —in this case,
the supplier may include the offer of “one stop
shopping” among the competitive advantages.

To summarize the key knowledge area of a com-
pany will mostly depend on whether it focuses on
commodity chemicals, specialties or providing solu-
tions (see figure 4). The somewhat obvious result
of such an analysis is that the more customer- or
application-focused the chemical products are, the
more an application-oriented level is suitable.

3.2 Different classifications for different functions?

Apart from basing the selection of the most
suitable level on the product portfolio of a compa-
ny,there is another perspective examining the issue
from the viewpoint of different internal functions.
Again, the question is on which level the different
internal functions are most likely to have the high-
est level of knowledge, as specialization is likely to
have the highest benefits on this level.

An analysis following this approach shows that
for procurement and for production, the level “Indi-
vidual chemicals” is the most suitable. Both func-
tions primarily deal with specific chemical entities
which they either procure or produce - any gains
from having insight into larger segments are like-
ly to be small. In contrast, product management
can also benefit from using the levels “Application
segments” and “End use industries” as product
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managers in chemical companies do not only deal
with the capacity planning and assignment of indi-
vidual products but also with the marketing of
these products. Therefore, for the sales and mar-
keting function, these latter two levels are the most
suitable as any synergies from multiple responsi-
bilities will most likely arise from a good knowl-
edge of the applications and end use industries.
For technical staff, the levels “Functional segments”
and “Application segments” are the most impor-
tant as the key knowledge of this function is in the
area of the interaction of chemicals with specific
products and applications. Finally, the R&D func-
tion is likely to benefit from focusing on the first
three levels as they are all to some extent related
to chemicals and their chemical functions.
Figure 5 summarizes these considerations.
However, while using different classifications
for different functions will allow each function to
focus on its core areas of knowledge, it can also
lead to additional issues. For example, the cooper-
ation between Marketing and R&D is likely to suf-
fer if both functions are utilizing different classifi-
cations. In addition, even functions such as R&D,
which generally focus more on the chemical than
the application properties, still need to be aware
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of the different applications relevant for their prod-
ucts.

3.3 The best level for a specific company

All levels described are being used by different
chemical companies,and as stated before, there is
not one ideal level for all companies. However, some
summarizing trend statements can be made
depending on the key strength of a company.

If this strength lies in efficient production, then
the level “Individual chemicals” seems to be best
suited. For example, Celanese has the business units
“Ethanol”and “Cellulose acetate” as these are cost-
driven bulk chemicals (Celanese, 2013). If the main
strength is in innovation, either the level of “Chem-
ical groups” (for chemical synthesis) or the level of
“Functional segments” (for specialty chemicals) is
preferable. The level “Chemical Groups”is utilized
to alarge extent by Bayer MaterialScience, reflect-
ed in the business units Polycarbonates and
Polyurethanes (Bayer, 2013), as well as by Arkema
(BUs Fluorochemicals, Acrylic Monomers, Sartomer
Specialty Chemicals) (Arkema, 2013). In contrast,
the level of “Functional segments” is utilized by
Clariant, e.g., as a structural basis for the BU Pig-

Figure 4 Type of chemical product and most relevant levels.

Figure 5 Functions within chemical companies and most relevant levels.
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ments and the BU Catalysts (Clariant, 2013). Final-
ly, if the focus is on the relationships to end cus-
tomers, either the level “Application segments” (if
technical service is important) or the level “End use
industries” (if shopping convenience is important)
are most likely to lead to success. The distinction
between these two is often somewhat arbitrary.
Lanxess has some BUs based on these two levels,
for example, the BU Leather and the BU Rubber
Chemicals (Lanxess, 2013).

Of course, there is always the alternative of using
more than one level. The increasing popularity of
matrix structures in modern chemical companies
facilitates such multi-level organizations. A possi-
ble approach is to use different levels for different
functions. As outlined before, levels on the left hand
side are most suitable for production and procure-
ment functions, the levels in the middle are most
suitable for research and technical functions and
the ones on the right hand side are best suited for
sales and marketing operations. Obviously, such an
approach brings its own problems. The different
functions do not have a single obvious counterpart
—the sales manager for paints and coatings may
have to deal with 5 or 6 technical segments or in
the worst case many more segments on the level
of individual chemicals. Finding the right level of
complexity is an issue which does not lend itself
well to generalization, and indeed companies them-
selves tend to fluctuate between highly complex
and specialized organizations (in which for exam-
ple three or four of the described levels are utilized)
and more streamlined ones (which possibly only
use one or two levels) which are more efficient on
paper but may not fully utilize market opportuni-
ties.

Though itis often hard to argue against increas-
ing specialization and thus the use of a larger num-
ber of levels, it should be kept in mind that this
often means the same number of levels cannot be
utilized outside of a company’s headquarter. For
example, in a smaller country utilizing the same
number of levels will lead to a perplexing number
of functions being held by the same three or four
managers, which is highly dysfunctional in itself.

4 Further complications

It merits mentioning that the different levels
described in this paper are not the only complica-
tion in describing and defining markets. Apart from
the levels shown in here, which all basically are
defined from the perspective of chemicals, there
are other aspects such as processing steps (e.g.,
closed mold, cold cure for plastics) or on
countries/regions. Understanding the issue illus-
trated in this paper will thus only partly solve the
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broader problem of confusing and inconsistent
market definitions.

5 Outlook

As mentioned above, the suggested list of lev-
els and segments represents only a first draft for
a classification that is generally accepted within
the chemical industry. Therefore, there is a strong
need for discussion and review of the drafted list.
In particular,agreeing on the five levels suggested
(or alternatively adding or eliminating/subtract-
ing some) would already be a major step in clari-
fying the overall perspective on the chemical indus-
try.On a more detailed level, itis also suggested to
refine the segments given for each level, particu-
larly for those levels with a relatively small num-
ber of segments. A formal solution to any initial
disagreements may be toadd an “Other” segment
on each level,though this does not solve the actu-
al problem.

As for the suitability of different levels for spe-
cific companies and the related question of utiliz-
ing multiple levels within one company, the author
suspects that an application of theories employed
in other sciences such as sociology may yield fur-
ther insight. This could be another fruitful approach
for further research.

The author greatly appreciates feedback and/or
suggestions for alternatives to the proposed clas-
sification. The overall objective is definitely not to
agree on one or the other level to be the most suit-
able as this will certainly depend on the specific
goals of such a list. However,agreement on a num-
ber of basic levels and their main segments will go
a long way to increase transparency within the
chemical industry, particularly to relative outsiders
with limited understanding of the different per-
spectives currently used.
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