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WASHINGTON PENN PLASTIC CO., INC.

A RELATED DIVERSIFICATION ISSUE
By: Brant J. Harper (10/18/99)

CHOOSING WHETHER OR NOT TO PURSUE THE PRODUCTION OF THERMOPLASTIC VULCANIZATES (TPVs)

1. INTRODUCTION


Washington Penn Plastic Co., Inc. is a privately owned company of nearly three hundred employees with three manufacturing facilities in Washington, Pennsylvania.  WPP is in the business of supplying raw materials, both compounded and unfilled virgin polypropylene, to the plastics industry for molding into parts and products for distribution into a variety of end-uses.  While most of WPP’s direct customers are molders, the company is directly involved in marketing to a number of downstream customers including the domestic automotive manufacturers.  The company also acts as a reseller or distributor of items that do not involve any additional manufacturing steps like compounding or pre-coloring.


A thermoplastic compound is a plastic material that has been physically blended with other polymers or fillers by melt processing.  Typical fillers are fiberglass, talc and calcium carbonate.  Fillers are added to polypropylene and other plastics to alter the physical properties of the final molded part.  Most fillers are used to increase the stiffness of the material.  To increase the impact strength of polypropylene and other plastics, rubber is added to the materials by melt processing.  The most common type of rubber used to modify polypropylene is ethylene-propylene rubber.


When rubber is added to a thermoplastic material, it is known as a thermoplastic elastomer (TPE).  The Thermoplastic Elastomer Family Tree can be seen in Exhibit 1.  The materials with the highest growth rate within this family are thermoplastic olefins (TPOs) and thermoplastic vulcanizates (TPVs).  The annual growth rate of these materials is between seven and fourteen percent.  TPOs and TPEs are both used in a variety of applications but the highest volumes are used in the automotive industry.  Typical TPO applications are automotive bumper fascias, roof ridge vents and convoluted tubing.  TPEs are used for soft touch over-moldings like armrests, weather stripping seals, wire coatings and various consumer goods.

Exhibit 1: TPE Family Tree

(source: Robert Eller Associates, Inc., 1999)
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2. THE ISSUE


Washington Penn Plastic is currently a large supplier of thermoplastic compounds with sales totaling about 400 million pounds of final product.  Among this 400 million pounds, WPP produces TPO compounds. Due to the similarity between TPOs and TPVs, many customers have approached WPP to add TPV materials to Washington Penn Plastic’s product offering.  Early expectations are that Washington Penn Plastic should add TPV materials to its product offering.  The following uses the Analytic Network Process (ANP) to determine whether or not Washington Penn Plastic should pursue manufacturing TPVs.

A TPO is a physical blend of polypropylene (PP) and ethylene-propylene rubber (EPM or EPDM).  A TPV is a physical blend of polypropylene and EPDM rubber where the rubber has been fully or partially vulcanized (cross-linked).  Vulcanization, or cross-linking, is the process by which polymer chains are chemically joined to form a complex polymer network.

Both TPOs and TPVs are produced using the same manufacturing technology.  They are both produced by melting the base polymer, which is usually polypropylene, in an internal mixer or extruder and incorporating in a rubber phase, usually EPDM, into the material.  To cross-link the rubber phase to produce a TPV, a vulcanizing agent is added to the mixed blend in the compounding device prior to the finishing step.

An internal mixer consists of a mixing chamber with two rotors that melt, mix and knead the plastic to produce the final compound.  An extruder consists of either one or two flighted screws with different segments that are designed to melt, mix and knead the material to produce the final product.  Washington Penn Plastic currently has numerous internal mixers and compounding extruders for producing thermoplastic compounds.

The First EPDM-based TPV was introduced and commercially developed by Monsanto in the early 80s.  Since, many companies have started manufacturing TPVs and have erected patents to prevent entry by other competitors.  However, early patents are now expiring.  Also, the TPE industry has grown at about a 8.5% annual growth rate for the past decade.  Therefore, the opportunities for related diversification into this market are very interesting.

3. CREATING THE MODEL


The model for deciding whether or not to pursue the production of thermoplastic vulcanizates (TPVs) was designed using a benefits, costs, and risks model.  This model assumes that the weights associated with the three are equal.  To determine the overall decision, the benefits will be divided by the quantity costs times risks (B/(C*R)).


Exhibit 2 shows how the models is designed.  Each of the Benefits, Costs, and Risks clusters have an associated network linked directly to it.  Benefits will indicate the desirability of pursuing the production of TPV materials.  The costs will include the costs of developing, producing, modifing equipment and training co-workers how to produce TPV materials.  Risks are included to take into account the uncertain costs associated with failing to provide a good product to the industry if TPV production is desired.

Exhibit 2: ANP Model
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General Definitions and Terms Used

· Thermoplastic - A plastic material capable of being softened by heating and hardened by cooling.

· Thermoplastic Elastomer (TPE) – A thermoplastic modified with the addition of a rubber phase to impart elastic properties to the material.

· Thermoplastic Blends/Alloys –  A plastic material modified/reinforced with other materials.  The most common modifying agents are talc, calcium carbonate, glass, various rubbers (elastomers) and oils.

· Thermoplastic Compounding – The process by which plastic blends/alloys are mechanically manufactured.

· Olefin – A polymer comprised of simple carbon and hydrogen groups in the polymer chain.

· Styrenic – A polymer containing styrene groups in the polymer chain.

· Styrene Block Copolymers (SEBS, SEPS) – Thermoplastic elastomers obtained by anionic sequential polmerization.  These materials are comprised of repeating chains such as: styrene-ethylene-butene-styrene for SEBS.

· Polyvinyl Chloride (PVC) – A polymer consisting of vinyl chloride groups.

· Engineering – Chemically engineered resins of various types.

· Thermoplastic Olefin (TPO) – A blend of a plastic material, generally polypropylene, with an elastomer, generally EPM or EPDM rubber.

· Thermoplastic Vulcanizate (TPV) – A blend polypropylene and EPDM rubber in which the EPDM has been chemically cured (vulcanization).

· Vulcanization – The process by which polymer chains are  joined (cross-linked) via a chemical reaction.

· Thermoplastic Polyurethane (TPU) – A thermoplastic obtained by a chemical reaction between a diisocianate and a polyol in the presence of a chain extender.

· Polyether-ester Thermplastic Rubber (COPE) – A thermoplastic obtained by polycondensation.

· Copolymer Polyamide (COPA) -  A thermoplastic copolymeramide TPE.

· Reactor Grade Thermoplastic Olefin (RTPO) – A TPO obtained directly from the polymerization process.

· Partialy Vulcanized Thermoplastic (P-TPV) – A TPV in which the rubber component has been partially vulcanized (cross-linked).

· Fully Vulcanized Thermplastic (F-TPV) – A TPV in which the rubber component has been completely vulcanized (cross-linked).

· Outer dependencies – Interactions between clusters.

· Inner dependencies – Interactions within a cluster.

Facts

· TPOs and TPVs are comprised of the same raw materials.

· The market prices for TPOs are between $0.60 - $1.25/lb.

· The market prices for TPVs are between $1.25 - $2.00/lb.

· TPOs and TPVs can be processed on the same compounding equipment.

· TPVs are produced via reactive compounding.

· TPOs are not produced via reactive compounding.

· Large plastic processors desire full service suppliers.

· Early patents surrounding TPV production are now expiring.

· The industry growth rate for TPVs is about 9% annually.

· The industry growth rate for TPOs is about 12% annually.

· TPOs and TPVs are recyclable.

Discussion of Alternatives

The two alternatives used in this model are Pursue TPV and Don’t Purse TPV production.  A third alternative of Pursue at a Later Date was not added to the model because of the difficulty associated with its use in the decision making process.

Cluster Definitions


Under the benefits, costs and risks networks, there are different clusters established that interact with respect to the control network established.  The benefits and risks networks consist of economic, industry and internal factors; while the cost network consists of only economic factors.  Although the elements assigned to each factor differ in each network, the following general definitions apply.

Alternatives

· The alternative clusters in this model include the Pursue or Don’t Pursue TPV production alternatives.

Economic

· The economic clusters include the costs associated with modifying equipment, developing new products, training co-workers and producing TPV products.  Also, the potential increase in sales and profitability will be addressed in this cluster.

Industry

· The industry clusters define the needs of the industry.  The industry clusters may include competition, full service supplier, and knowledge needs.

Internal

· The internal clusters define Washington Penn Plastics requirements.  The internal clusters may include economies of scope, recognition, and technology.

4. BENEFITS NETWORK


Table 1 illustrates the clusters in the benefits network and their respective elements.  The benefits network takes into account the profitability, sales revenue, and economies of scale associated with TPV production.  Other items the benefits take into account are economies of scope, technology, competition, recognition, knowledge, and full service supplier benefits.

Table 1: Benefits Network; Clusters and Elements
Clusters
Elements

Economic
Profit, Sales, Economies of Scale

Industry
Competition, Full Service Supplier, Knowledge

Internal
Economies of Scope, Recognition, Technology

Alternatives
Pursue, Don’t Pursue

Interaction Between Clusters

The inner and outer dependencies of clusters in the benefits network are shown in Exhibit 3 and Figure 1.

Exhibit 3: Benefits Network Cluster Interactions
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Figure 1: Benefits Network
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Economic benefits influence industry benefits by creating a larger industry supplier that can provide customers with the products that they desire.  The economic benefits affect the decision of whether or not to produce new products because Washington Penn Plastic is in business to make money.  Economic benefits also influence internal aspects of the organization through creating economies of scope and increasing technological knowledge.


The industry benefits influence the economics of the organization by allowing the company to be in business to make money.  The industry benefits affect internal decision making by forcing certain issues such as recycling.  Industry also affects whether or not WPP should pursue this product line by demanding suppliers to have all encompassing resources.


Economic decisions and outcomes influence internal benefits as far as getting the needed support from the organization in order to be successful.  Internal variables are also affected by changes in the external environment such as customer requirements.  Internal aspects influence the decision of whether of not to pursue the production of this new product line.

Judgments

Clusters are first pair-wise compared relative to the alternative criteria to determine their relative importance in providing the benefits.  The cluster priorities are shown in Exhibit 4.  The rest of the judgements result in priorities for each element representing the strength of its individual influence.  Table 2 summarizes the priorities of the benefits network.  Highlights of the judgements are discussed below.

Exhibit 4: Cluster Priorities of the Benefits Network
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Table 2: Priorities of the Benefits Network

Element
Priority Normalized By Cluster
Limiting Priority
Experimental Priorities

Sales
0.280
0.092
0.089

Economies of Scale
0.085
0.028
0.026

Profit
0.635
0.209
0.207

Competition
0.660
0.143
0.146

Full Service Supplier
0.235
0.051
0.050

Knowledge
0.105
0.023
0.024

Economies of Scope
0.657
0.167
0.162

Recognition
0.178
0.045
0.043

Technology
0.166
0.042
0.049

Pursue TPV
0.836
0.167
0.169

Don’t Pursue TPV
0.164
0.033
0.036

Economic Elements to Industry Elements

· Profit, sales and economies of scale for a firm are all much more important benefits in business decisions than industry knowledge, industry competition and minor customer requirements.  Most customers will purchase materials from the suppliers that provide the best cost/service balance.

Economic Elements to Internal Elements

· Economic elements are also more important than increased technological knowledge, corporate recognition and economies of scope.  However, these internal elements lead to increase sales volumes and profit.

Economic Elements to Alternative Elements

· Profit, sales, and economies of scale are very important factors that will decide whether or not Washington Penn should pursue production of TPV products.  If the company desires to grow larger, it will have to diversify into other areas.  In the past Washington Penn Plastic has formed affiliations with Epsilon Products Company, Uniform Color Company, and Sirius Chemical Company.

Industry Elements to Internal Elements

· Industry competition and knowledge are important, but internal benefits from economies of scope, corporate recognition, and increased technological knowledge are more important.  If WPP cannot receive benefits from producing these materials, the industry will not receive any benefits from having an additional producer/supplier.

Industry Elements to Alternative Elements

· Industry competition and knowledge play an important role in determining whether or not diversifying into a new product line would be beneficial.  If the industry were too competitive, pursing the new product line would be unfavorable.

Internal Elements to Alternative Elements

· If Washington Penn Plastic can be recognized as a producer of a diverse line of materials, business can benefit across all product line due to brand recognition/loyalty.  Also, TPVs are used as raw materials in some of our current products.  Therefore, economies of scope can be achieved if production of these products is desired.

5. COST NETWORK


Table 3 illustrates the clusters in the cost network and their respective elements.  The costs network takes into account the developmental, training, equipment, and production costs associated with TPV production.

Table 3: Costs Network; Clusters and Elements

Clusters
Elements

Economic
Developmental, Training, Equipment, Production

Alternatives
Pursue, Don’t Pursue

Interaction Between Clusters
The inner and outer dependencies of clusters in the cost network are shown in Exhibit 5 and Figure 2.
Exhibit 5: Costs Network Interaction Between Clusters
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Figure 2: Costs Network
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Economic costs influence the decision of whether or not to pursue the production of TPV type materials.  This influence is very strong because capital expenditures directly affect a firm’s profitability.

Judgments

Clusters are first pair-wise compared relative to the alternative criteria to determine their relative importance in adding costs.  The rest of the judgements result in priorities for each element representing the strength of its individual influence.  Table 4 summarizes the priorities of the cost network.  Highlights of the judgements are discussed below.
Table 4: Priorities of the Costs Network
Element
Priority Normalized By Cluster
Limiting Priority
Experimental Priorities

Pursue TPV
0.165
0.055
0.066

Don’t Pursue TPV
0.0835
0.278
0.267

Development
0.158
0.105
0.087

Training
0.301
0.201
0.172

Equipment
0.476
0.317
0.369

Production
0.065
0.043
0.039

Economic Elements to Alternative Elements

· In the cost network, there are only two clusters.  In the economic cluster, the costs of each element decrease as follows equipment, training, development, and production.  Each of these factors influences whether or not to diversify into TPV production.  Commonly, if something costs money, it is better not to purse it unless a good return on investment can be realized.

6. RISKS NETWORK


Table 5 illustrates the clusters in the risk network and their respective elements.  The risks network takes into account the capital loss risk associated with TPV production.  Other items the risks take into account are excess industry capacity (supply greater than demand), organizational safety, and brand image concerns.

Table 5: Risks Network; Clusters and Elements

Clusters
Elements

Economic
Capital Loss

Industry
Capacity

Internal
Safety, Technological, Market

Alternatives
Pursue, Don’t Pursue

Interaction Between Clusters

The inner and outer dependencies of clusters in the risk network are shown in Exhibit 6 and Figure 3.
Exhibit 6: Risks Network Interaction Between Clusters
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Figure 3: Risks Network
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Economic risks are influenced by industry decisions to bring on excess production capacity.  If excess capacity exists, supply will exceed demand and surplus will occur.  The economic risks are also influenced by internal decisions.  Capital expenditures on internal safety and technological resources have a direct effect on the alternatives.  Also, economic risks play an important role on whether or not to pursue TPV production.


Industry risks are influenced by economic risks since both are tied together as previously stated.  Industry risks also affect the decision alternatives of whether or not to pursue TPV production.  Industry risks influence the internal risk of the organization through causing changes in technological staffing and safety mandates.


Internal risks are affected by economic risks, industry risks, and the alternatives pursued.  Money has to be spent to support the technological resource requirements and safety procedures need to produce TPV materials.  Further, brand image is very important to the organization with respect to industry as a whole.

Judgments

Clusters are first pair-wise compared relative to the alternative criteria to determine their relative importance in developing risks.  The cluster priorities are shown in Exhibit 7.  The rest of the judgements result in priorities for each element representing the strength of its individual influence.  Table 6 summarizes the priorities of the risk network.  Highlights of the judgements are discussed below.

Exhibit 7: Cluster Priorities of the Benefits Network
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Table 6: Priorities of the Costs Network

Element
Priority Normalized By Cluster
Limiting Priority
Experimental Priorities

Pursue TPV
0.191
0.044
0.042

Don’t Pursue TPV
0.809
0.187
0.160

Capital Loss
1.000
0.286
0.034

Capacity
1.000
0.186
0.175

Safety
0.600
0.178
0.182

Technological
0.298
0.088
0.074

Market
0.102
0.030
0.026

Economic Elements to Industry Elements

· In the risk network, the only node in the economic cluster is capital loss.  The risk of loosing capital is equally as important to WPP as introducing excess capacity into the marketplace.  If excess capacity exists in the market, older established firms with patent protection would be more successful.

Economic Elements to Internal Elements

· The risk of loosing capital through a bad business venture is slightly greater than the safety risks involved.  Further, capital loss is a much greater risk than diluting technological resources or the risk of hurting brand image.

Economic Elements to Alternative Elements

· The risk of loosing capital is the single greatest factor affecting whether or not to produce this new product line.

Industry Elements to Internal Elements

· Excess industry capacity is analogous to capital loss with respect to safety, market, and technological factors affecting this decision.

Industry Elements to Alternative Elements

· Capacity plays a strong role in determining risks with respect to whether to diversify into TPV production (see above).

Internal Elements to Alternative Elements

· The safety of the company’s employees is a more important risk than the dilution of the company’s technological resources or the potential marring of the company’s brand image.
7. SYNTHESIZED RESULTS


The synthesized results for this model are displayed in Table 7.  The model is designed to determine whether or not to pursue the production of TPV materials.  The ANP software automatically calculates the B/(C*R) quantity as is shown in Exhibit 20 in the Appendix.  The results indicate that Washington Penn Plastic should pursue the production of TPV products.  These findings support the early conclusion that producing TPVs would be favorable.


The results obtained would suggest that this decision is a “No Brainer”.  Since the model calculates the decision quantity based upon data entered by the user, information from other individuals should be used to further support the results obtained in this iteration.  Other individuals in the Washington Penn Plastic organization to review the results of this model would be Albert Andy (Owner), Paul Cusolito (Executive V.P.), and Adam Galambos (V.P. of Technology).

Table 7: Model: Benefits, Costs, and Risks Analysis

Alternatives
Benefits
Costs
Risks
B/C*R

Pursue TPV
0.836
0.165
0.191
0.99

Don’t Pursue TPV
0.164
0.835
0.809
0.01
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9. APPENDIX

Benefits Section

Exhibit 8: Benefits Unweighted Super Matrix
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Exhibit 9: Benefits Weighted Super Matrix
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Exhibit 10: Benefits Limit Matrix
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Exhibit 11: Benefits Synthesis

[image: image14.png]Priorities

Here are tha for e
antrosizd sltematve
ey

[-[oIx]

o toan [12Pursus TRV

o toan| 13Dart Pur~

ckay

3647

oas3s





Costs Section

Exhibit 12: Costs Unweighted Super Matrix
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Exhibit 13: Costs Weighted Super Matrix
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Exhibit 14: Cost Limit Matrix
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Exhibit 15: Cost Synthesis
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Risks Section

Exhibit 16: Risks Unweighted Super Matrix
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Exhibit 17: Risks Weighted Super Matrix
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Exhibit 18: Risks Limit Matrix
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Exhibit 19: Risks Synthesis
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Entire Model Section

Exhibit 20: Model Synthesis
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