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ABSTRACT

In responseto current market pressures, firms areforming strategies under various industry
initiatives to gain competitive advantage. Whether these initiatives entail better service, lower
costs, or both, they sharea common essence: integrating the supply chain. The objective o this
project was to contrast firm-level strategc decision criteria with integrated supply chain decision
criteriafor three activities in the wheat supply chain. The model developed provides a mechanism
to better understand information requirements necessary for firms to evaluate supply chain
integration strategies. Consistent with thestrategy literature, these strategies have, heretofore,
primarily been analyzed qudlitatively.

Differences in wheat quality preferences among individual firms comprising the wheat
supply chain were found. With the exception of protein, these are al but lost in the complexity of
the competitive structures facing eachindividual firm. Therefore, benefits of supply chain
coordination exist, but are gther not compelling or tangible. Methads to quantify these benefits
and how they are distributed among firms in the supply chain, however, have not been adequatdy
addressed. By quantifying benefits and how they are distributed among a supply chain, firmscan

better negotiate vertical coordination strategies, ultimately improving their competitive position.
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CHAPTER I: INTRODUCTION

In responseto current market pressures, suppliers, manufacture's, distributors, and retailers
are all scrambling under the guise of various industry initiatives to gain competitive advantage.
Whether these initiatives take the form of better service, lower prices, or some combination of
both, they all share acommon essence: integrating the supply chain.

These market pressures and structural changes are taking place in many food-based
industries in the United States. The industries that comprise the wheat supply chain, which reaches
from farmers to end-consumers, have not been immune to these changes. For exarmple, an industry
initiative termed efficient consumer response (ECR) is revolutionaliz ng the way groceries are
distributed to consumers. The goal isto reduce the number of daysininventory between the
manufacturer and the retailer from 104to 61, a reduction of over 40 percert, and to reduce system
costs by 10.8 percent (Walsh, 1995).

A pervasive theme among food-based industries has been consolidation, resulting in fewer
and larger firms, larger plants, and increased concentration (Wilson, 1995). In addition to these
across-industry trends, firmscompete within unique industries with unique competitive forces.
However, changes in one of these industries often impact the network of buyers and suppliers for
firmsin that industry, ultimately affecting an entire supply chain.' Implications of these trends on
the entire supply chain are seldom analyzed. Instead, analyses usually focus narrowly on the
impact to the specific industry or particular firm in question.

Several industry analyses identify and assess changes in competitive structure without
addressing the entire wheat supply chain. Examples of these include a transportation analysis, an

ingredient quality analysis, and acompetitive analysis.

A supply chain is the network that products move through as firms process and convert raw
materials into finished products and deliver them to the end-consumer (Stenger, 1994).

1



Babcock, Cramer, and Nelson (1985) used a transportation analysis to examine the
locational attraction of flour mills between pointsof wheat production (origin) and those of flour
consumption (destination). With their linear programming model, they analyzed flour milling
location based on relative transportation costs for wheat and flour. The current industry situation
confirms the model’ s results that flour mills are shifting their location forward. Thistrend has
implications for elevators, bakers, and others with an interest in the wheat supply chain. For
example, wheat shipments become larger and cover longer distances impacting elevator sourcing
and the quality variance within and between shipments. Additionally, relationships between flour
mills and bakeri es might be impacted by the flour mill’ sincreased customer specificity.

Various wheat quality attributes impact the efficiency and costs of flour milling (Liu et al.,
1992). Using an economic-engineering approach, Liu et al. (1992) simulated the milling efficiency
and production cost of 99 indvidual whea transactions with various known wheat quality
attributes. Although their work identifieslinks, or relationships, between flour milling and wheat
suppliers, they only assessed the inplications of this relationship on flour millers andignored the
implications for others in the wheat supply chain.

The dynamic evolution of the wheat flour milling industry wasanalyzed by Wilson (1995).
According to Wilson (1995), there are two particularly important observations regarding the U.S.
flour milling industry. First, even though the industry is consolidatinginto fewer firms and plants,
both firm and plant capacity have increased. Second, flour milling firms are increasingy
multiplant firms with interests in other grain businesses (e.g., Cargill, Archer Daniels Midland, and
ConAgra) as opposed to being vertically integrated food processors (eg., Pillsbury, Nabisco,
General Mills, and Internaional Multifoods). Wilson's (1995) other observations concern
Canadian and Mexican flour mills. These firms are increasingly able to use procurement as a

strategy due to changesin agricultural policies. Additionally, there are differencesin the direction



of vertical i ntegration between U.S. firms (traditionally largely integrated backward into milli ng)
and Canadian or Mexican firms (traditionally integrated forward into flour milling). The degree of
and incentives for vertical integration ina supply chain are important concerns for al playersin the
supply chain.

Firms throughout the wheat supply chainare formulating competitive strategiesin
response to industry changes such as those previously presented. In the elevatar industry, firms are
shifting to multiple railcar shipments and emphasizing volume and throughput. Flour mills are
shifting to farward locations, plant and firm size areincreasing, and wheat is being procured in
large multiple-railcar lots from multiple geographic locations, instead of from local wheat
producers. Wholesale pan bread bakeries are under growing competitive pressurefrom in-gore
bakeries and other baked goods products which consumers easily substitute for bread. This has
caused bakers to become more technology-driven, where conformance to specificationsis the
definition of quality as opposed to simply “more” of an attribute traditionally considered as
representing quality. This has changed procurement strategies for wholesale pan bread firms and,
correspondingly, affected flour milling firms.

Competitive strategy formulation, both for firms throughout thewheat supply chain and
others, has always been an important managerial concern. However, it was not until the late 1970s
that the strategic planning process received formal recognition within firms and in the literature.?
Increased formal attention by business and non-profits has enhanced the state of the art of strategy
evaluation.

Porter (1985) first suggested that strategic options should be assessed with respect to the

firm’s value chain or supply chain. Based on this work, Shank and Govindarajan (1993) presented

2The development of strategic management can be traced to Chandler (1962), Andrews (1971),
Henderson (1979), and Porter (1980, 1985). The first issue of Journal of Business Strategy was published in
1980.
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the theory of Strategic Cost Management (SCM) which expands Porter’ s work to include an
assessment of cost drivers and competitive advantages to evaluatestrategy choices?® Although
there is general agreement with the ideas and concepts suggested by Porter (1980, 1985) and
enhanced by Shank and Govindarajan (1993), the literature indicates they are not inwidespread
use by practitioners. This begs the question whether analytical toolsare availableor if the toolsare

unattractive for widespread use.

Research Problem and Justification

Numerous changes are taking place simultaneously throughout the wheat supply chain.
However, many of thesechanges are analyzed and treated as if they are occurring independently or
at oneisolated point in the supply chain. Even if these changes are occurring independently, they
often have ramifications throughout the supply chan. Ignaring supply chain ramifications distorts
aternative strategic choices available to managers throughout the wheat supply chain.
Additionally, strategic opportunities may be missed.

Historically, strategic decision analysis focused on the effects on individual firms.
Decisions were based solely on firmoptimization criteria, such as return oninvestment and net
present value Increasingly, firms are recognizing that their internal strategic choicesaffect their
suppliers and customers. However, traditional firm profit-maximizing criteria (e.g., return on
investment and net present value) often reject new and emerging technologies (Shank and
Govindargjan, 1993). They also may reject alternative strategies that do not involve new
technology such as new procurement strategies by Mexican and Canadianflour millers. The
problem is that these strategies often are necessary for the firm and the firm's suppliers and

customers to remain competitive in the future, especially in global markets. However, returns from

3Costs are caused by many factors that are interrelated in complex ways — these factors are referred
to as cost drivers (Shank and Govindarajan, 1993).



these investments do not necessarily flow back to the entity responsible for them. Another
criticism is that these frameworksplace a great deal of emphasis on short-term financial results and
little emphasis on difficult-to-quantify issues such as quality enhancement or manufacturing
flexibility (Shank and Govindarajan, 1993).

Strategy formulation is important to firms for several reasons. Likeindividuals, firms seek
to perpetuate their existence. To accomplish this, they seek to create or sustai n competitive
advantages over their competitors. Thisis accomplished through their strategic choices, which
may be made either explicitly or implicitly. Ascompetition intensifies, the importance of
explicitly choosing the best strategy increases. Inherent in thestrategic choices of firmsare

relations with buyers, suppliers, and the ertire supply chain.

Objective
The objective of the research reported in this thesis was to contrast firm-level strategc
decision criteriafor each firm within the whea supply chain with integrated supply chain decision
criteria. To accomplish this objective, the specific sub-objectives of this study wereas follows:
1. Gather information about the wheat supply chain, especialy regardingthe linkages
between activities.
2. Determine the relationship among wheat quality attributes and theeconomic
efficiency of each activity (i.e., economic and technical performance).
3. Using the information gathered, compare the results of a singlesupply chain
decision criteriaand individual firm dedsion criteriafor each activity in the supply

chain.



4, Specifically consider the impacts of changes in wheat g uten prices and flour mill
location on the various participants in the wheat supply chain as well as the impact
on the supply chain as awhole.

This study provides a mechanismfor developing a better understanding of the information
requirements necessary for firms to evaluate supply chain management strategies. These
information requirements form the basis for negotiation among firms participating, or for
determining under what conditions partidpation would be appropriate, in the supply chain
management strategy. This information also would be important for evaluating vertical integration
strategies which may range from open market transactions tointernalization by another player in

the supply chain.

Research Method

Several methods were used to develop a better understanding of the information
requirements for a supply chain management strategy. These methods included aliterature review,
development of a spreadsheet model, and a sensitivity analysis of model results for selected
strategy scenarios.

The supply chain management literature has evolved from several subject areas. The
purpose of the literature review was to provide an overview of the strategy and logistics literatures
as they relate to supply chain management theories. Inaddition, insight into firm decision-making
was gained by areview of industrial organization literature. These literatures, aswell as those
specifically related to various industriesin the wheat supply chain, were integrated into this thesis

in the context of the wheat supply chain.
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Based on the literature review, a spreadsheet model was devel opedto reflect procurement,
operation, and logistics cods and relationships in the wheat supply chain. The wheat supply chain
modeled included three activities: elevation, milling, and baking.

The data used in the wheat value chain model were obtained from secondary sources. The
primary sources and types of data used included bakery budgets and financial and operating
characteristics for each of the activities in the wheat supply chain gleaned from the Census of
Manufactures prepared by theU.S. Department of Commerce; budgets for elevators and flour mills
developed by Bangsund, Sell, and Leistritz (1994); and inventory, cycle-time, and finandal ratios
for food-based firms including flour mills and bakeries taken from Starbird and Agrawal (1994).
As such, the results were industry averages for plant capacities, throughput, and other operational
characteristics. In addition, the assumed value chain reflected a specific set of players, in this case
an elevator, aflour miller, and a wholesale pan white bread baker. Within thisset of firms, plant
capacities werefixed. Thus, the effects of economies of scale were not considered. Other data
were derived from industry publications and contacts. While the hope is that the data reflect
reality, their accuracy are not known. The model’s intent was to illustrate the construction of an
analytical tool that allows practitioners to better evaluate supply chain management concepts.

Fundamental to the analysis were wheat quality data. These data were takenfrom the 1994
report of an amnual series onwheat quality prepared by North Dakota State University’s
Department of Cereal Science (Moore et a., 1994). Two sets of data were used. Frst, genera
attributes of wheat were used in the elevation, milling, and bakery activities. This data set included
437 observations, of which 333 obsearvations were considered to be of milling quality (classified as
either U.S. Number 1 or 2). The second data set contained flour, dough, and baking properties.
These data were generated from the same observations reported in the first data set. However, to

determine the attributes reported in the second data set, the first data set was consolidated by crop
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reporting district. Assuch, there were 22 observationsin the second data set. This second data set
was used to develop relationships among wheat quality attributes and milling and baking
performance measures.

Given abase case scenario, the model provides many opportunities to measure the
sensitivity of the results to various changes. Model results are presented for both the total supply
chain aswell asindividual activities, including elevation, wheat transportation, milling, flour

transportation, and baking.

Thesis Organization
The remainder of thisthesisisdivided intofive parts. Theory is examined in Chapter 1.
The wheat supply chain is discussed in Chaoter I11. In Chapter 1V, the greadsheet model used to
evaluate supply chain strategy alternativesis developed. Model results are presented in Chapter V.

Finally, Chapter VI presents a summary and conclusions.



CHAPTER II: LITERATURE REVIEW

The literatures on industrial organization, strategy, supply chain management, and
Strategic Cost Management (SCM) were reviewed. First, the theory of the firm as presented in the
industrial organization literature was reviewed. Particular attention was given to the economic
issue of firm objectives. Additionally, the issue of afirm’s vertical size, the boundaries between a
firm and its customers and suppliers, was addressed. Following this, thestrategy literature was
reviewed. This literature builds upon the econamics of industrial organization while incorporating
ideas from business management fields such as marketing, finance, and organizational behavior.
The supply chain management literature was then reviewed. Supply chain management is a
combination of strategy and logstic concepts. Finaly, areview of Strategic Cost Management
(SCM) was undertaken. The SCM work is an evolution of the managerial accounting and finance

literature to incorporate strategic ideas, and it mirrorsthe ideas of supply chain management.

Industrial Organization
Thetraditional paradigm for firm behavior is profit maximization or, stated differently,
firm optimization (Tirole 1993). Failureto follow this objective, according to Tirole (1993),
resultsin firm losses as increased costs are unabl e to be transmitted to customers. Sustained |osses
either will lead to a devaluation of the firmand the threat of elimination through acquisition, or
elimination of the firm through bankruptcy (Tirole, 1993). A theoretical objective function fora

profit maximizing firm can be depicted as

Max m = P(Q)- Q - C(Q (B.1)

where = = profit, P = price which is afunction of quantity, O = quantity, and C = cost which isa

function of quantity.
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The paradigm of firm optimization as the root for decision-making prevails throughout the
managerial accounting and microeconomic literature. Practitioners, building upon managerial
accounting principals, generally apply optimization criteriawithin the context of a business
enterprise or organization, the “legal” definition of afirm. Thisfacilitates debate on whether
enterprises maximize pradfit or some ather objectivefunction. However, it appears the differenceis
in how one should define the firm for purposes of profit maximization.

According to Tirole (1993), there are threebasic views df the firm: technological,
contractual, and incomplete-contracting views. The technological view statesthat afirmisa
collection of activities that exploit economiesof size or of scope at a givenpoint in time (Tirole,
1993). The contractual view of the firm is based on alonger-run arrangement of activitiesor units
incorporating the hazards which result fromlonger-run exchange such as the possibility for “hold-
up” and “opportunism” (Tirole, 1993). Thethird view, incomplete-cortracting, emphasi zes that
firms and contracts are simply different modes for governing activities or units (Tirole, 1993). The
nature of afirm isthe authority and ability to resolve problems between activities arising from
unforseen contingencies when a contract was made (Tirole, 1993). According to Tirde (1993),
thislast view comes closest to the legal definition of a firm as opposed to the first two which have
little to do with legal definitions and agreat deal to do with traditional economic theory.

For practitioners, firm profit-maximizing criteria are clouded by this confusion over the
definition of afirm. Separate legal entities often are presumed to be separate firms even when they
coordinate themselves and function asa single firm. Similarly, large multi-divisional firms often
are legally asingle entity, but actually function as separate firmsin their operation and
management. This raisesissues for themanagerial accounting field where practical analytical tools

for achieving profit-maximizing behavior are devel oped.
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Strategy

Thereisarich, interdisciplinary literature devoted to managerial decision making. The
literature builds upon industrial organization thearies as well as marketing, finance, and accounting
literatures. As such, there are considerable synergies and commonalities among the fields. The
industrial organization literature capturesthe theory of the firm while the strategy literature
develops techniques for managers to survive through confor mance to economic theory.

The profit that economists seek to maximize is afunction of firm costs and revenues.
However, to maximize this profit equation, the decision maker must first know the firm’ scost and
revenue functions. Over 30 years ago, the principles of managerial accounting emerged as the
standard for decision-making (Shank and Govindarajan, 1993). According to Shank and
Govindargjan (1993), managerial acoounting replaced cost accounting andintroduced the concept
of “relevancy” for decision making. A cost is relevant for decision-making when it is avoidable.
Avoidable costs are those that can be entirely or partially eliminated as a result of selecting one
alternative over another (Garrison and Noreen, 1994). However, managerial accounting data still
are focused onthe actions of the manager and do not provide suffident insight <o that firm profits
can be maximized. Furthermore, the theoretical underpinning of managerial accounting is that cost
isafunction, primarily, of output voume (Shank and Govindargjan, 1993).

The notion of firm strategy surfaced about 20 years ago as a factor to consider when
evaluating decisions (Shank and Govindarajan, 1993). Strategy became the fundamental ingredient
for evaluating firm decisions as aresult of Porter’s (1980) work. Elevating the importance of
strategy, Porter (1980) argued tha non-quantifiable strategic concerns often are more important
than quantifiable costs and benefits derived from cost analysis or managerial accounting data.

Porter successfully rooted strategi ¢ analysisinto firm decision-making.
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The value-chain concept and its strategic role also were introduced by Porter (1985). A
value-chain represents the collection of activities that firms perform in different functional areas
(Figure 2.1). Porter (1985) also argued that one firm’'s value-chain is linked with value-chains for
its buyers and suppliers. This established the notion that a firm, legally defined, does not operate
as an isolated entity. To be successful, afirm s strategy must consider buyer and supplier
relationships. Furthermore, competitive strategy, whether deliberately chosen or not, should

enhance the entire supply chain to achieve a sustainable competitive advartage. In other words,

the firm’s economic concerns extend beyond their own legal and managerial boundaries.

Research &
Development

Raw Materials Distribution

Figure 2.1. Chain of value activiti es within afirm.

Adapted from Michael Porter, Competitive Advantage: Creating and Sustaining Superior
Performance, New Y ork: The Free Press, 1985, p 37.

The literature has expanded on Porter’ sideas of the value-chain. Oster (1994) includes the
industrial organization field's noti on of vertical linkages. According to Oster (1994), firms have
incentives to develop vertical linkages which, in effect, extend the firm's managerial boundaries.
These incentives include taxes and regulatory issues, transaction-cost savings opportunities, and
improved access to information. From a strategic perspective, information access and transaction

costs are the rel evant issues. A successful vertical linkage does not requi re or imply ownership. It
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does, however, require profit maximizing behavior across therelationship. In other words, the

vertical relationship must be managed asif it were asingle firmregardless of the equity stakes.

Supply Chain Management

The supply chain management literature defines a supply chain as a set of facilities,
technologies, suppliers, customers, products, and methods of distribution (Arntzen et al., 1995).
This definition is similar to that of the value<chain presented by Shank and Govindarajan (1993).
However, the basis of supply chain management is log stics as opposed to accounting or strategy.
Logistics has been defined as

the process of planning, impl ementing, and controlling the efficient, cost-effective

flow and storage of raw materials, in-process inventory, finished goods, and

related information from point-of-origin to point-of-consumption for the purpose

of conforming to customer requirements. (Lambert and Stock, 1993)
Logistics is the mechanian allowing a supply chan of multiple entities, whether divisions within
the firm or entirely separ ate legal entities, to be managed as asingle, profit maximizing firm.

Although thestrategic concept of a value-chain and the logisticsconcept of supply chain
management appear to bevery similar, there are notable differences. Logisticsisthe efficient
coordination of material and information flows between customers and suppliersina supply or
value-chan. Strategy exploits and configures relationships among playersin the valueor supply
chain to achieve sustainable competitiveadvantage. Engagingin alogistics strategy of supply
chain management is an overt strategic choice by afirmto change its value-chain.

A fundamental barrier to the application of supply chain management, as well as other new
managerial techniques, is the traditional arganization of most firms(Sloan, 1989). Firms and
supply chains are made up of separate production, digribution, and sales organizations often with

conflicting objectives. To aleviate these conflicts, firms and managers must view their activities

as a continuous flow of both products and information with the focus being to accelerate them
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(Sloan, 1989). Thisfocus on product and information flows is often depicted through the concept

of apipeline (Hgure 2.2).

(Materials Management ) l <«——— Information Flow '

1. Plant Location 1. Distribution Communications
1. Requirements Planning 2. Internal Plant Logistics 2. Customer Service
2. Procurement 3. Demand Forecasting 3. Parts/Service Support
3. Sourcing Partnerships 4. Production Planning 4. Return Goods/Handling
Inbound Producti Outbound Cust Customers & Their
Vendors Sourcing Storage & ch’)r By Storage & Di l::boTierrl Quality Requirements
E—— Transp. 0cess Transp. stributio e
1. Transportation 1. Distribution Planning
2. Inventory Control 2. Order Processing PR
3. Warehousing & Storage 3. Transportation ( Product Distribution )
4. Materials Handling 4. Inventory Control

5. Warehousing & Storage
6. Industrial Packaging

' Material Flow - '

Figure 2.2. The logistics pipeline.

Adapted from John J. Coyle, Edwad J. Bardi, and C. John Langley, Jr., The Management of
Business Logistics, 5th ed., St. Paul, MN: West Publishing Company, 1992, p 71

The logistics concept is not arecent phenomenon in the literature. In the 1960s, a strong
focus on physical distribution resulted in the prdiferation of warehouses, expanded inventories,
and enhanced customer service (Sloan, 1989). Through the 1970s, the focus shifted toward
manufacturing and production scheduing which helped to reduce inventaries (Sloan, 1989).
Refinements continued through the 1980s with an emphasis on new manufacturing techniques and
supplier programs. These, however, were not all-encompassing solutions (Sloan, 1989). Three

recent developments have renewed an emphasis on integrated logstics (Turner, 1993). These
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include an increased importance of logstics and customer service in the marketing mix, logistics
becoming an increasingly important cost component of the firm, and the evolution of information
technology which is making true integration possible.

A recurrent thame within the literature is that supply chain management is necessary to
reduce costs. However, little work actually analyzed the extent of these cost reductions.
Furthermore little work was found inthe literature that provided aframework for practitioners to
evaluate theimpact of supply chain management strategies on the various members of the supply
chain.

Of the supply chain optimization models found in the literature, the most inclusive was a
mixed integer programming model that optimized multiple products, facilities, production stages,
technologies, time periods, and trangoortation modes for Digital Equipment Corporation’s global
operation (Arntzen et al., 1995). The model minimizes total cos and activity days subject to
service (inventory), locd content requirements, and other constraints. However, this model is
limited to the internal logistics of Digital Equipment Corporation and is computationally intense.

Another method proposed by Cavinato (1991) identified six interfirm total cod factorsin
supply chain relationshi ps that need to be addressed: |abor rate, productivity, capital availability,
capital cost, tax rate, and depreciation or other tax elements. Cavinato (1991) suggested firms have
different cost structures, factor inputs, management skills, and buying powers that provide
opportunities to evaluate jointly which firm should perform each task. Histheory isthat firms
within a supply chain shoud determinewhere each adivity shoud take placein the value-chain

based on the lowest total cost across thenmsel ves compared against another set of competing firms.
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Strategic Cost Management

Shank and Govindargjan (1993) proposed an alternative approach for evaluating strategy.
Their approach recognizes the weaknesses of current managerial acoounting principles. However,
it also recognizes that decisions should not be made solely on the basis o strategic implications
without considering cost. Their approach, termed Strategic Cost Management (SCM), includes
analyses of the value chain, cost drivers, and competitive advantages. The important contribution
of Shank and Govindarajan (1993) is the integration and combination of supply or value-chain
ideas with strategy concepts, such asPorter’ s competitive advantage and cost concepts from the
managerial accounting literature. This integration builds upon ideas from theindustrial
organization literature.

The value-chain is defined as the linked set of activities required to transform raw
materials to products for end-users (Shank and Govindarajan, 1993). This analysis considers a
strategy’ s impacts on the firmas well as on suppliers and customersthroughout the value-chain.
Considering the importance of linkages among members of a value-chain makes this method
superior to traditional value-added approaches.

Cost driver analysis explains variations in costs at each value activity. In managerial
accounting, costs are seen only as a function of output volume (Shank and Govindargjan, 1993). In
Garrison and Noreen (1994), a graduated evel managerial accourting text, cost discussionsare
dominated by fixed versus variable cost, average versus marginal cost, cost-volume-profit analysis,

break-even analysis, flexible budgets, and contribution margin, all based on output volume.

“For an example of a Strategic Cost Management analysis, see “Cost Analysis Considerations and
Managerial Applications of Value Chains: An Extended Field Study” as presented in John K. Shank and Vijay
Govindarajan, Strategic Cost Management: The New Tool for Competitive Advantage, New Y ork: The Free
Press, pp. 73-92.
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Although these concepts are based upon simple microeconomic models, Shank and Govindarajan
(1993) indicated that output volumeexplains little of the cost behavior in avalue chain.

To get away from output volume, Shank and Govindarajan (1993) built upon models from
the economics of industrial organization literature, primarily Scherer’s (1980) work. Shank and
Govindarajan (1993) indicated it is more useful to explain cost position in terms of strucural
choices and executional skills that determine afirm’s competitive position. Structural choices
include plant and operational scale, degree of vertical integration or scope, experience, process
technologiesemployed, and product line complexity. Executional skills aredetermined by work
force involvement, total quality management, capacity utilization, plant layout efficiency, product
configuration, and exploiting supplier or customer linkages. According to Shank and Govindaajan
(1993), increasing a structural driver is not always better for the firm s cost position; however,
increasing an executional driver alwaysis.

The competitive advantage portion of Shank and Govindarajan’'s (1993) model is taken
directly fromthe strategy literature, primarily from Porter (1980, 1985). There are three generic
strategies for sustainable competitive advantage: cost leadership, differentiation, and focus (Porter,
1980). A cost leadership strategy achieves lower costs relative to competitors. It can be attained
through economies of scale of production, learning curve effects, cost contrd capabilities, and cost
minimizaion in research and develgpment, service, or marketing (Porter, 1980). Differentiation is
a strategy to create something customers perceive as unique (Porter, 1980). Brand loyal ty,
customer service, distribution networks, product design and features, and product technology can
be used to achieve differentiation (Porter, 1980). The focus strategy achieves its dbjectives by
serving a particular group of buyers better than afirmthat competes more broadly in the industry
(Porter, 1980). The difference between afocusstrategy and the other two is the enphasis on a

particular group or niche of buyers as opposed to the entire industry.
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The goal of SCM is supply chain optimization. The motivation for supply chain
optimization is sustainable competiti ve advantage for all playersin the value-chain gained through
lower costs and/or greater differentiation. Upstreamlinks are largely dependent for their survival
on the competitive position of firms or links satisfying the ultimate end-user. Similarly, the
competitive position of downstreamfirmsislargely dependent upon their supplier’s costs and
actions. Implications of SCM and supply chain management include modifying the individual
business entity’ s objective function to be compatible with a single profit maximizing objective for
the entire supply chain. Identification of performance measures between activitiesis required to
manage the supply chain.

In summary, the economic definition of afirm haslittle to do with the “legal” definition of
afirm. This creates challenges for profit seeking managers. Asaresut, the strategy literature has
developed the notion of thevalue-chain, integrating industrid organization theory with firm
specific actions. Additionally, recent work in supply chain management or supply chain
optimization in the logistics literature hasevolved parallel to the valuechain concept. The
literature of both areas attempts to provide decision-makers with justification and methods for
employing the strategies. However, little evidence of quantitative methods for analyzing the value
or supply chain were discovered ineither of the literatures. Strategic Cost Management (SCM) isa
recent literature devoted to devel oping quantitative tools for evaluating alternative strategies on a
value chain. However, even this liteature has not evolved to where the tools and methods are
easily deployed in a practical setting. Furthermore, the SCM is an accounting approach and does
not consider the parallel evolution of supply chain management in thelogistics literature.
Therefore, it is desirable to integrate the advancements in value-chain evaluation and analysis from

the SCM literature with the logistics literature.



CHAPTER III: WHEAT SUPPLY CHAIN

This chapter provides background information on the wheat supply chan. Although the
objective of thisthesis as well as the concepts devel oped are not industry specific, the theoretical
underpinnings are best communicated and appreciated through a specific appication. This chapter
was included solely as areference for the reader. The intention was simply to provide background
information on the specific application. As such, the contents of thischapter are nat essential to
attaining the objectives of this thesis®

The chapter is organized around three stages or links in the wheat value chain: elevators,
flour millers, and bakers. Eachof these links represents an important economic activity within the
supply chain Although heavily intertwined, eachlink competes in a unique economic

environment. The discussion for eachlink focuses on industry structure and competitiveness.

Elevators

Thefirst link in the supply chain, elevators, serves two primary purposes. First, it provides
amechanismfor accumulating and combining the production of several individual wheat producers
(farmers). Second, thislink provides storage because wheat is a seasonal commodity. Inessence,
the elevation activity issolely alogstical function. Asaresult, this activityis particularly
impacted by transportation. Elevators also provide numerous additional services including
cleaning (removing non-wheat matter), inspection (identifying and measuring variousquality
attributes), and blending (combining portions of wheat with differing quality attributes to attain a
certain specification in that attribute).

Dramatic changes in infrastructure have impacted the grain handling and transportation

system in the United States. Most of this change hasoccurred since1980. Important factors

5This chapter was largely adapted from Barber and Titus (1995).
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impacting this change include the widespread adoption of multiple railcar grain rates, rail line
abandonment, energy considerations, and technological advances (Mingand Wilson, 1983). Asa
result of theseforces, considerable economic pressure is exerted on the devator indudry to attain
efficiencies in both transportation and handling. An economic incentive exists for the devel opment
of large elevators, commonly referredto as subterminals, capableof loading and transporting grain
in multiple railcar shipments or what the industry refersto as “unit trains” (Ming and Wilson,
1983).

Industry Structure

The production of grain and the development of country elevators weredirectly influenced
by the development of the railroad network.® In turn, the success of country elevators expanded the
development of the railroad network, particularly branchlines. Country elevators often were
located within afew miles of each other a ong the rail li ne as producers could not transport large
quantities of grain large digances in the “horse-and-wagon” era (Ming and Wilson, 1983).

The original structure of the industry was determined largely by constrairnts on the inbound
movemert of grain. Asthese constrants were lifted over time, size economies exerted more
influence on the structure of the industry. Thereplacement of the “horse-and-wagon” erawith the
development and subsequent improvement of motor vehicles and road networks began an unending
trend that has had substantial implications for theelevator industry, including fewer and larger
elevators (Ming and Wilson, 1983). In 1923, North Dakota had 1,832 country elevators, by 1965
there were 789, and in 1981 there were 592 (Ming and Wilson, 1983). Although the number of
elevators declined to 425 in 1994, the rate of decline appears to have dowed (Andreson, Y oung,

and Vachal, 1994). Over this same time span, the average elevator’ s trade area increased

Country elevators are the initial receiving poirt for grain produced by local farmers and are |ocated
within the production area (Bangsund, Sell, and Leistritz, 1994).
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substantially as did average storage capacity (Ming and Wilson, 1983). These trends are not
unique to country elevators in North Dakota but have occurred throughout wheat producing areas
of the United States.

Although thenumber of devator firms has diminished dramatically, the industry can still
be described as extremely competitive. Elevator ownership isamixture of privately held and
farmer-owned cooperative firms. Farmer-owned cooperatives exceed the number of elevators
privately held by a sizeablemargin. Profit maximization is often not a sole objective of these
cooperative firms. This behavior preserves excess capacity and fosters low profitability.
Additionally, afarmer’ sswitching cost among devatorsis limited to thedifferencein
transportation costs between competing elevators.” Similarly, grain buyers can purchase grain
from alarge number of homogenous elevator suppliers, with the only switching cost again being
transportation. Finally, no single firmor small group of firms appear to dominate the elevator
industry. Inthe 1993 to 1994 marketing year, North Dakota’ s largest 10 elevator firms controlled

less than 20 percent of the total grain handed (Andreson, Y oung, and Vachal, 1994).

Milling
The second link in the wheat supply chainismilling. Milling is a pracess of grinding and
sifting wheat into flour and millfeeds (Harwood, Leath, and Heid, 1989). Flour is aningredient in
baked-goods destined for human consumption while millfeeds are sold as animal feed.
The U.S. milling industry hasexperienced many changes since the mid-1970s. A mgjor
change occurring is atrend toward larger firms and increased concentration (Wilson, 1995). A
result of thisisfewer, high capacity firms exploiting economies of scale making it difficult for

small millsto compete. In addition, large mills are increasing the level of automation and

"Switching costs are one-time costs incurred by either buyers or suppliers resulting from either party
switching to an alternative, or competitor, to the original buyer or supplier (Porter, 1980).
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incorporating new technologies to improve plant efficiency (Harwood, Leath, and Heid, 1989). In
addition to economies of scale, these large milling firms are increasing capacity utilization.
Furthermore, they are marketing specialized products for particular market niches with an objective
to differentiate products and increase profits (Harwood, Leath, and Heid, 1989).

A positive trend for the industry hasbeen increased consumer demand for flour products.
In 1987, per capita consunmption in the United States was 128 pounds, up dramatically from the
1960s and 1970s (Harwood, Leath, and Heid, 1989). This trend has continued into the 1990s and
can be attributed to increased health concerns, the introduction of more flour-based products, and
higher consumption of fast foods containing wheat flour. Although flour exportshave historically
been arelatively small percentage of demand, they do provide an important source of revenuefor
some millers. From 1980 through 1987, exports averaged about 8 percent of total flour demand or

disappearance (Harwood, Leath, and Heid, 1989).

Industry Structure
As previoudy mentioned, the structure of the wheat flour millingindustry hasgreatly

changed in the last few decades. Thisindustry segment istypical of the structural dynamics
confronting other segments of the agricultural processing industry (Wilson, 1995). Flour milling
accounts for over 90 percent of domestic wheat processing use (Harwood, Leath, and Heid, 1989).
The primary product is wheat flour for baking, while by-products are used for such things as
livestock feed, pet food, and industrial applications.

The number of wheat flour millsin the U.S. was 204 in 1990, downfrom 280 in 1974
(Table 3.1). However, industry capacity rose 22 percent over approxi mately the same period. In
addition, the number of mills operated by each firmincreased from 1.7 to 2.2, with averagefirm

capacity more than doubling (Wilson, 1995).
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Table 3.1. Flour milling industry statistics

Y ear
Characteristics 1974 1980 1990

Mills:

Number 280 255 204

Average Capacity (cwt/day) 3,541 4,212 5,937
Firms:

Number 161 140 95

Average Cagpacity (cwt) 6,158 7,672 12,534

Average Number of Mills 17 1.8 2.2

Percent with Mutiple Mills 37% 42% 58%

Adapted from Sosland Companies Inc., Milling Directory & Buyer’s Guide, Merriam, KS:
Sosland Publishing Company, 1974, 1980, and 1990.

Due to changing rail transportation rates, new mills usually have been built near population
centers. Incontrast, many of the older mills were located near wheat growing areas. As aresult,
the number of millsin Southernand Midwestern states fell during the 1980s while it increased or
remained constant in large population areas throughout the country.

Two technological changes were responsible for this change in transportation cost. The
first was the introduction of multiple car or unit train technology. This provided atransportation
cost incentive for shipping larger quantities at one time. However, since individual bakers do not
require large quantities of flour or desire to hold large quantities of flour inventory, shipments of
flour generally do not take advantage of these rail pricing mechanisms. Asaresult, it isfeasible
for large quantities of wheat to be shippedto a mill located near flour demand even though the
milling processis aweight losing activity. A second innovation was enhanced hopper car

technology that reduced costs of bulk wheat shipments. In addition to these technological changes,
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apricing mechansim known as “transit” was gradually eliminated. Transit allowed a shipment of
wheat to stop en route and be milled intoflour.

Asthe number of millsinthe United States has fallen, the industry also has become more
concentrated. Thetop four firmsin the industry controlled 70 percent of capacity in 1992, up from
34 percent in 1974 (Wilson, 1995). In addition, ownership of milling companies has changed
drastically from the early 1970s. Traditionally, single-plant firms dominated the industry.
Furthermore, these firms wer e typically small family owned and managed operati ons, but have
since given way to an industry increasingly dominated by large multi-plant corporations. For
example, ConAgra, the largest flour miller in the United States, expanded its capacity from 88,300
cwt. in 1973 to 270,000 cwt. by 1988 (Harwood, Leah, and Heid, 1989). Much o this capacity
was gained through acquisition of existi ng structures as opposed to new construction. Theselarge
multi-plant firms often have agribusiness interests other than milling, including prepared foods,
restaurant holdings, grain merchandising, feed manufacturing, and others.

The acquisition of flour mills often allowsthese firms to become more vertically
integrated. Interestingy, the reasons for this arenot clear. While some firms may be abde to
reduce costs through improved communication and scheduling, this has not always been the case.
The milling operations of severa agribusiness firms have been sold because of high risk and low

profits (Harwood, Leath, and Heid, 1989).

Baking
Thefinal stage in the wheat supply chainisthe baking activity. Flour is a principal
ingredient in the manufacturing and production of bakery goods.
The domestic wholesale baking industry uses 70 percent of the flour produced by domestic

flour mills (Harwood, Leath, and Heid, 1989). Other major uses of flour include the production of
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macaroni and spaghetti (9 percent), and blended and prepared flour packages (6 percent)
(Harwood, Leath, and Heid, 1989). The wholesale baking industry iscomprised of two groups.
bread, cake, and related products; and cookie and cracker manufacturers. The bread, cake, and
related products segment consumes three times the flour consumed by the cookie and cracker
segment (Harwood, Leath, and Heid, 1989). Wheat flour represented 26 percent of the value of all
ingredients purchased by bread and cake wholesale bakeriesin 1992 (U.S. Department of
Commerce 1995).

In 1992, there were approximately 3,150 wholesale bakery plantsin the United States
(U.S. Department of Commerce, 1995). The majority (2,539) were classified as bread and cake
bakeries while cookie and cracker (441) and frozen non-bread bakery products (172) completed the
industry (U.S. Department of Commerce, 1995). The differencesin plant numbers between
segments can best be explained by the perishability of each segment’s products. Since bread and
cake products are more perishable than either cookie and cracker products or frozen products,
bread and cake plants are more locally ariented (Harwood, Leath, and Heid, 1989).

Although per-capita consumption of flour has been increasing, this trend has not carried
into wholesalebakery products (Harwoaod, Leath, and Heid, 1989). With the exception of variety
breads and bagels, consumption of bakery products has remained flat throughout the 1980s
(Figures 3.1and 3.2). In general, the consumption of higher value products, including cetain
cookies, select crackers, and vaiety breads, has increased while consumption of lower value
products, including white bread, decreased through the 1980s (Harwood, Leath, and Heid, 1989).
What was lost during the 1980s in white bread consumption appears to have been regained during
the 1990s. Harwood, Leath, and Heid (1989) attribute these trends to the increasing popularity of
in-store bakeries which offer the consumer convenience, service, and variety. To compete within-

store bakeries, wholesale bakers are increasing their efficiency and exploiting economies of scale.
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Figure 3.1. Per capita consumption of white pan bread, variety bread, and hamburger and hot dog
rolls from 1982 to 1993.

Adapted from U.S. Department of Commerce, International Trade Administration, 1988 U.S.
Industrial Outlook and 1992 U.S. Industrial Outlook, Washington, DC: U.S. Government Printing
Office, 1988 and 1992, respectively.
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Figure 3.2. Per capita consumption of sandwich cookies, crackers(excluding pretzels), pretzels,

and bagels for 1982 through 1993.

Adapted from U.S. Department of Commerce, International Trade Administration, /1988 U.S.

Industrial Outlook and 1992 U.S. Industrial Outlook, Washington, DC: U.S. Government Printing

Office, 1988 and 1992, respectively.

Industry Structure
The wholesale bakery industry is undergoi ng rapid changes. A consolidation of large

bakeries with diversified agricultural firms has linked bakeries more closely to other food

processing activities, inaeasing marketing strengths and cepital available to the bakery industry

(Harwood, Lesth, and Heid, 1989).
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Additionally, the number of plantsproducing bread and cake productsis changing. From
1972 to 1982, the number of plants decreased as larger firms took advantage of size economies and
smaller firms exited the industry (Harwood, Leath, and Heid, 1989). However, as Figure 3.3
shows, in both the 1987 and 1992 Census of Manufactures, the number of plantsincreased (U.S.
Department of Commerce 1995). Thisincrease has primarily occurred in plants with fewer than
20 employees (U.S. Department of Commerce, 1995). The implications of this increase are not
clear. Aninaease associated with the growth of in-store bakeries may imply grocery stores are
further eroding the wholesale “bread” market with niche products perceived by consumersto be
superior. Alternatively, this growth may be the result of facilities exchanging capital for labor.
Therefore, number of employeesmay be less important as anindicator of output or size. Smaller
bakeries, interms of employment, may be alde to compete more effectively withlarger wholesale
bakeries by exploiting recent techndogical advancements. For example, a newly constructed
bakery in Mexico produces 14,600 pounds of white pan bread per hour per linewith only eight

employees per line (“Producing 14,600 Ibs. of Bread an Hour,” 1994)
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Figure 3.2. The number of bread and cake plants by number of employees.

Adapted from “Baking Census Report.” Milling and Baking News, 16 May 1995: 28-30.

Although large plants (those employing more than 100 persons) have declined in number,
their share of the total market remains stable. In the 1992 Censusof Manufactures, firms with
more than 100 employeeswere responsible for approximately 87 percent of the total bread and
cake market comparedto 81 percent in 1977, 86 percent in 1982, and 86 percent in 1987 (U.S.
Department of Commerce 1995; Harwood, Leath, and Heid, 1989; U.S. Department of Commerce,
1993).

The ownership of every major wholesale bakery, whether in the bread and cake segment or
the cookie and cracker segment, has changed (Harwood, Leath, and Heid, 1989). Furthermore,
Harwood, Leath, and Heid (1989) indicated that many of these changes occurred since 1982 and
involved large, diverse food-oriented firms. These large firms have introduced financial,

managerial, and markeing resources previously not available to the bakery industry (Harwood,
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Leath, and Heid, 1989). This has worked to increase operational efficiencies, new product
development, and deployment of new technologies.

Like the evolution in the elevator industry, advances in transportation and logistics have
had a profound impact on the bread and cake segment. The development and continued
improvement of the highway network and motor vehicles, combined with technologies that have
diminished product perishability, have extended the geographic scope of firms in the bread and
cake segment (Harwood, Leath, and Heid, 1989). Since there isatradeoff between product
distribution and plant size, relative decreases in product distribution costs would dlow firms to

increase their plant size and market areato exploit additional economies of scale.

Summary

Competitive forces are changing the structure of industries that encompass thewheat
supply chain. Elevators are increasingthroughput (facility utilization) with larger shipments taking
advantage of multiplerailcar technologies. Flour mills are shiftinglocations, increasing plant size,
investing in technology, and developing strategic alliances with customers. Mergers among Class |
railroad carriers, price incentives reflecting rail cost advantages far multiplerailcar movements
over long distances, and evdution in innovations in forward-pricing mechanisms continue to affect
the structure of the transportation sector. Consolidation and acquisition of the largest bakeries,
changing procurement practices, increasing deployment of new technologies, increasing plant size,
increased research and product development efforts, and improving efficiency of distribution

practices all are forces taking shape in the bakery industry.



CHAPTER IV: MODEL DEVELOPMENT

A goal of thisthesiswas to devdop a spreadsheet model of the wheat aupply chain. The
spreadsheet model developed requires coefficient estimates to determine ingredient, operating,
inventory, and logistics costs for the elevation, milling, and baking activities in the supply chain.
Within each of these cost categories, the spedfic model coefficient values are develgped in

Appendix A.

Cost Categories
The discussion on costs has been organized around four principle categories: ingredient,
operating, inventory, and logstics. Within each category, issues associated with the elevation,

milling, and baking adivities are presented.

Ingredient Costs

Acquisition costs at the elevation activity are afunction of the firm’smargin, the firm's
location relative to competitors, wheat quality, quality of wheat in the firm' s inventory, established
grain exchange prices, and localized demand for elevated wheat. In addition, an elevaor’s
transportation characteristics(e.g., truck only, singlerailcar, or unit train) relative to competitors
influence the firm’ s acquisition cost.

At the milling activity, acquisition costs are basicdly afunction of established grain
exchange prices adjusted for quality requirements and transportation. Alternativdy, the mill’s
acquisition cost could be viewed as the sum of the elevator’s costs, elevatar margin, and transit.
Some of these quality reguirements are characteristics of the wheat while others, such as grain
cleaning or conditioning, may require services to be performed by the elevator. The primary
controllable determinant of mill ingredent cost is qudity specifications, which ae partially

derived from flour customer requirements.
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Bakery ingredient costs are a function of established grain exchange pricesfor wheat and
flour quality purchased. Hour quality specificationsare determined by produdion requirements
and substitution relationships with other ingredients. For example, bakeries can dend vital wheat

gluten into their wheat flour to increase protein content and enhance other flour attributes?

Operating Costs

The operating cost at the elevation stageis primarily afunction of asset utilization and
scale. Elevaor utilization is measured by compaing an elevator’s total shipments for one year to
its one-time physical storage capacity. Operating costs includelabor, utilities, maintenance and
repair, sampling or inspection, depredation, interest, and administrative and miscellaneous
expenses (Bangsund, Sell, and Leistritz, 1994). An additional operating cod is cleaning. Cleaning
costs are afunction of beginning dockage levels, ending dodkage levels, capacity per time period,
and cost per time period (Johnson, Scherping, and Wilson, 1992).

Utilization and scale are important operating cost determinants in flour milling. Flour mill
utilization is measured by comparing the product of a mill’s daily capacity and the number of
milling daysin atimeperiod (usually a six-day work week) to the actual flour production in that
same timeperiod. Operaing costs far flour milling include labor, utilities, maintenance and repair,
sampling or inspection, depreciation, interest, and administration and miscellaneous (Bangsund,
Sell, and Leidritz, 1994).

Bakery operating costs, with reference to flour, are primarily a function of the flour

characteristics. Flour characteristics impact the technicd production process or bakery output as

8vital wheat gluten is obtained by “washing” a dough of wheat flour and water (Harwood, Leath, and
Heid, 1989). W heat flours can be fortified with vital wheat gluten to produce a desired protein level as well
as to increase water absorption, improve dough handling and mixing characteristics, andincrease the volume
of bread loaves (Harwood, Leath, and Heid, 1989).
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well as the requirements for alternativeingredients. Overall bakery operating costs in the white
bread segment appear also to be heavily influenced by scale economies. A new Grupo Industrial
Bimbo bakery in Mexico, for example, produces 14,600 pounds of white bread per hour with eight
employees (“Producing 14,6800 Ibs. of Bread an Hour,” 1994).

Economies of scale appear to be important in all activities of the wheat supply chain.
However, in a specific valuechain analysis, the importance of these economies are diminished
because plant scale, for all linksin the suppy chain, are fixed. In cortrast, the importance of

utilization is enhanced for the same reason.

Inventory Costs
Inventory costs for the elevation, milling, and baking activities are a function of utilization,

value-added, and carrying cost:

Inv = (U, V, CC) (4.1)

where Inv isinventory cost, U is utilization, V'is value-added, and CC is carrying cost. Utilization
is determined by comparingthe firm’stotal shipments to its capacity. Value-added issimply the
accumulation of procurement and operating costs for each link in the supply chain. Finally,
carrying cost represents those costs that vary with the level of inventory. Carrying cost includes
the cost of capital; inventory servicing costs, such as insurance and taxes on inventory; storage

space costs; and inventory risk, includng damage and pilferage (Lambert and Stock, 1993).

Logistics Costs
L ogistics cogds were definedin this modd as the transportation and in-transit inventory
linkages between members of the supply chain. A set of logistics costs exists between the elevator

and the flour mill and betweenthe flour mill and the bakery. These two sets of costswere



34

attributed to the inbound or recipient member of the supply chain. The following shipment
characteristicswere incorporated into the model: transportation cost, shipment volume, transit
time, and in-transit carrying cost. An in-transit carrying cost is similar to the carrying cost
described in the previous section on inventory. Although in-transit inventory generally doesnot
incur space costs or have as great arisk of obsolescence or deterioration, it doestieup capital and
incurs insurance costs (Coyle, Bardi, and Langley, 1992). Therefore, intransit inventory requires a

carrying cost, abeit less than that for warehoused inventory.



CHAPTER V: MODEL RESULTS

In this chapter, empiricd results for the wheat supply chain model are presented. First,
results of the base case analysis are presented. Potential uses of the model are discussedin the
second secti on, including alternative scenarios that could be analyzed with the model. Finaly,
scenarios analyzed by the model are presented, then discussed and compared with the base case

results.

Base Case

Assumptions for the base case scenario were discussed in detail in the preceding chapter.
However, the major assumptions for the base case were as follows:

1 Elevation takes place at the origin of wheat production;

2. Milling takes place at an origin location with inbound shipments of wheat received

in 26 railcar lots from 146 miles away; and

3. Baking takes place at a pant of flour consumption, 757 miles fromthe flour mill,

where flour isreceived in singlerailcar lots.

Procurement, operating, cleaning, and inventory results fromthe elevator module of the
model are presented. In themodel, it was assumed that the elevator stored wheat on the basis of
protein. Therefore, within a given protein category, all other quality attributesare blended
(averaged).

Procurement reflects the elevator’ s cost of purchasing wheat. The price of wheat at an
elevator is driven by mgor commodity markets, competition from other elevators, current
inventory dtuation, and available transportation capacity. Inthe model, wheat was purchased at a

discount to theMinneapolis cash price for wheat. This discount was the same for all protein levels
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of wheat. In addition, protein premiums and discounts were computed based on Minneapolis
prices.

Operating costs include the cost of labor, utiliti es, maintenance and repair, sampling,
depreciation, interest, and administration and miscellaneous expenses. A relationship between
these costs and wheat quality attributes was not identified. However, plant utilization did affect
these costs in the model.

Cleaning cost reflects the cost of removing dockage from wheat. 1n the model, theelevator
was assumed to pass 80 percent of this cost back to suppliers (farmers) in theform of alower
purchase price. The remaining 20 percent was passed forward to the customer (flour mill) in the
form of a higher sales price. Since dockage varies independently from wheat protein, cleaning
costs varied across protein categories.

Inventory reflects the opportunity cost of owning and storing wheat at the elevator. On
average, there is a certain quantity of wheat in an elevator. Larger average inventory quantities
require greater capital investments and have a greater risk of loss. Also, greater unit vaduesin
inventory require greater capital investment. With a premiumfor higher protein wheats, thereisa
greater cost associated with holding that inventory relative to lower protein wheats. In this model,
inventory cost accounts for maost of the variation in elevator costs acrossprotein levels.

Model results for the elevator activity arepresented in Table 5.1. Thetotal cost incurred
by the elevator, excluding purchase of wheat, varies from $0.133 to $0.143 per bushel. Subtracting
total cost, including wheat purchases, from sales revenue results in an elevator margin that varies
from $0.013 per bushel for the highest protein wheats to $0.024 per bushel for thelowest protein
wheats. Again, most of thevariation can be explained by greater inventory carrying costsfor
higher protein wheats. Low margins and little control over wheat quality greatly increase the

importance of volume and utilization for elevators.
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Table5.1. Base case empirical resultsfor the elevator activity in the wheat supply chain
model
Whest Procurement Sales Elevator
Protein  Wheat Operating Cost Inventory Cost Cost Revenue Margin
(%) Grade ($/bushel) ($/bushel) ($/bushel) ($/bushel)  ($/bushel)
<115 usi1 $0.1075 $0.0256 $3.2006 $3.3581  $0.0240
us2 $0.1075 $0.0256 $3.2006 $3.3581  $0.0240
<125 usi1 $0.1066 $0.0272 $3.3815 $3.5383  $0.0230
us2 $0.1066 $0.0272 $3.3815 $3.5383  $0.0230
<130 us1 $0.1074 $0.0280 $3.4707 $3.6281  $0.0220
us2 $0.1074 $0.0280 $3.4707 $3.6281  $0.0220
<135 us1 $0.1064 $0.0287 $3.5618 $3.7184  $0.0220
us2 $0.1064 $0.0287 $3.5618 $3.7184  $0.0220
<140 us1 $0.1066 $0.0297 $3.6515 $3.8083  $0.0210
us2 $0.1066 $0.0297 $3.6515 $3.8083  $0.0210
<145 usi1 $0.1067 $0.0305 $3.7414 $3.8983  $0.0200
us2 $0.1067 $0.0305 $3.7414 $3.8983  $0.0200
<150 usi1 $0.1075 $0.0315 $3.8606 $4.0181  $0.0190
us2 $0.1075 $0.0315 $3.8606 $4.0181  $0.0186
<155 us1 $0.1061 $0.0331 $4.0420 $4.1984  $0.0172
us2 $0.1061 $0.0331 $4.0420 $4.1984  $0.0172
<165 us1 $0.1070 $0.0341 $4.2211 $4.3782  $0.0160
us2 — — — — $0.0000
16.5 < us1 $0.1056 $0.0374 $4.5225 $4.6785  $0.0129
us2 $0.1056 $0.0374 $4.5225 $4.6785  $0.0129

— No observati ons were recorded in this category.

Whest i s often transpor ted betw een the elevator and flour mill by either rail or truck. In
this model, wheat was assumed to move by rail. Therail carrier’s costs and revenues are constant
regarding wheat quality. However, when calculated on a per unit basis, these costs and revenues
exhibit somevariation across wheat qualities (Table 5.2). Thisis primarily caused by variationsin
wheat test weight which appearsto beinversely related to protein levelsin the wheat data set used
in the model. Additional variationwas caused by the conversion to a common unit of measure,

1,000 pounds of white pan bread. This variation results from differing quantities of wheat required
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to manufacture the bakery unit. The margin for wheat transportation varied from $3.59 for lower
protein wheats to $3.97 for higher protein wheats on a per 1,000 pounds of bread basis.

There was considerable variaion in flour mill results across wheat protan levels. This
variation comes from the impact of wheat attributes on the technical milling process as well as
wheat and flour pricing pradices. The principle ingredient in flour ismilled wheat. However,
mills also may use wheat gluten as an ingredient. Wheat guten typically increases flour protein,
improves water absorption, and erhances other dough handling and mixing characteristics
(Harwood, Leath, and Heid, 1989). The conversion of wheat into flour varied from 2.26 to 2.62
bushels of wheat to produce one hundred pounds of flour. Better efficiencies were achieved with
lower protein wheats. All flours were manufactured to comply with or exceed the bakery’ s pratein
specification. Therefore, some required a mixture of milled wheat and wheat glutenwhile others

simply contained milled wheat.
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Table5.2. Base case empirical results for the wheat trangortation activity in the wheat
supply chain model
Wheat
Protein  Wheat URCS Rail Cost Rail Tariff Revenue Rail Margin

(%) Grade ($/unit") ($/unith ($/unit")

<115 Us1 $1.4144 $5.0087 $3.5944
us?2 $1.4246 $5.0449 $3.6203

<125 Usl1 $1.4382 $5.0931 $3.6549
us2 $1.4852 $5.2597 $3.7745

<130 usl $1.4667 $5.1939 $3.7272
us2 $1.4985 $5.3065 $3.8080
Usl1 $1.4797 $5.2401 $3.7604

<135
us2 $1.5441 $5.4683 $3.9242

<140 Uusl1 $1.4855 $5.2606 $3.7751
us2 $1.5367 $5.4419 $3.9052

<145 Usl1 $1.4994 $5.3099 $3.8105
us2 $1.5326 $5.4274 $3.8948

<150 usl1 $1.5070 $5.3367 $3.8297
us2 $1.5364 $5.4408 $3.9044

<155 usl1 $1.5026 $5.3211 $3.8185
us2 $1.5611 $5.5282 $3.9671
Uusl1 $1.5262 $5.4049 $3.8787

<165
us2 — — $0.0000

16.5 < Usl1 $1.5340 $5.4323 $3.8983
us2 $1.5617 $5.5304 $3.9687

A unit is based on the requirements to manufacture 1,000 pounds of white bread.

—No observati ons were recorded in this category.

The maximum regquirement for wheat gluten required was approximately 3 percent of total flour
composition. 1n 8 of 20 categoriesmodeled, wheat gluten was required. Hour mill model results
are presented in Table 5.3. Margins for the flour mill ranged from $1.68to aloss of $1.03 per
hundredweight of flour. Those containing a mixture of lower protein wheats and wheat gluten

resulted in larger margins.
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Table5.3. Base case empirical resultsfor the flour mill activity in the wheat supply chain
model
Wheat Operating  Inventory  Purchase  Inbound Sales Mill
Protein  Wheat Cost Cost Cost Cost Revenue Margin

(%) Grade ($/cwt) ($/cwit) ($/ewt) ($/cwi) ($/ewt) ($/ewt)

US1 $2.6778 $0.0802 $8.5191  $0.8280 $13.6541  $1.5489

<iLs Us2  $2.6780 $0.0794 $8.3807  $0.8362 $13.6541 $1.6798
<125 US1  $2.6785 $0.0821 $8.6576  $0.8482 $13.6541  $1.3877
US2  $2.6791 $0.0839 $8.8747  $0.8745 $13.6541 $1.1419
<130 US1  $2.6790 $0.0831 $8.7370  $0.8672 $13.6541  $1.2877
US2  $2.679% $0.0850 $8.9748  $0.8863 $13.6541  $1.0285
<135 US1  $2.6792 $0.0841 $8.8099  $0.8790 $13.6541  $1.2019
US2  $2.6801 $0.0873 $9.2310  $0.9151 $13.6541  $0.7406
<14.0 US1  $2.6795 $0.0862 $9.0830  $0.8843 $13.7233  $0.9902
US2  $2.6802 $0.0886 $9.3839  $0.9136 $13.7233  $0.6569
<145 US1  $2.6799 $0.0890 $9.4590  $0.8957 $13.8616  $0.7380
US2  $2.6804 $0.0906 $9.6574  $0.9145 $13.8616  $0.5188
<150 US1  $2.6800 $0.0916 $9.8174  $0.9035 $14.0000  $0.5075
US2  $2.6805 $0.0931  $10.0009  $0.9204 $14.0000  $0.3052
<155 US1  $2.6802 $0.0955 $10.3409  $0.9048 $14.2767  $0.2553
US2  $2.6810 $0.0987  $10.7288  $0.9387 $14.2767  ($0.1705)
<165 US1  $2.6804 $0.0994 $10.8581  $0.9237 $14.5535  ($0.0081)
us?2 — — — — — $0.0000
165 < US1 $2.6812 $0.1082  $12.0474  $0.9359 $15.1069  ($0.6658)

US2  $2.6816 $0.1101  $12.2573  $0.9522 $14.9686  ($1.0326)

—No observati ons were recorded in this category.

Flour transportation costs and revenues to thetransportation service provider are constant
with regard to wheat quality. However, when calculated on a per unit basis, these costs and
revenues exhibit some variation acrosswheat qualities (Table 5.4). Thisis caused by variationsin
the quantity of flour required in a bakery unit, 1,000 pounds of white pan bread. Variationsin
flour requirements are determined by flour attributes. Converted to acommon unit of measure

from the bakery activity, 1,000 pounds of white pan bread, the margin for flour transportation
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varied from $3.60 to $3.73 per bakery unit. Larger costs, revenues, and margins occur on flour

from lower protein wheats when the bekery has greater flour requirements.

Table5.4. Base case empirical results for the flour transportation activity in the wheat
supply chain model
Wheat
Protein Wheat URCS Rail Cost Rail Tariff Revenue Rail Margin
(%) Grade ($/unith) ($/unith ($/unit")

<115 Usl1 $3.0112 $6.7417 $3.7305

' Us?2 $3.0031 $6.7236 $3.7205

<125 Usl1 $2.9918 $6.6983 $3.7065

' Us?2 $2.9969 $6.7097 $3.7128

<13.0 Usl1 $2.9855 $6.6841 $3.6986

' Us?2 $2.9846 $6.6821 $3.6975

<135 Usl1 $2.9727 $6.6555 $3.6828

' UsS?2 $2.9798 $6.6713 $3.6915

<14.0 Usl1 $2.9682 $6.6455 $3.6773

' us2 $2.9721 $6.6541 $3.6820

<145 usl $2.9595 $6.6259 $3.6664

' us2 $2.9629 $6.6335 $3.6706

<15.0 usl1 $2.9503 $6.6053 $3.6550

' us?2 $2.9526 $6.6105 $3.6579

<155 Usl1 $2.9402 $6.5827 $3.6425

' us2 $2.9441 $6.5916 $3.6474

<165 usl $2.9270 $6.5532 $3.6262

' us2 — — $0.0000

16.5 < usl $2.9090 $6.5129 $3.6039

' us2 $2.9109 $6.5170 $3.6062

A unit is based on the requirements to manufacture 1,000 pounds of whitebread.

—No observati ons were recorded in this category.

There was limited variationin bakery results across the wheat protein categories. Thisis

primarily because flour is a small portion of the bakery’ stotal cost. However, the quantity of flour

required to manufacture bread does vary with flour attributes. InTable 5.5, model results indicate

avariation in the cost of flour from $33.84 to $88.84 for a unit of bread (1,000 pounds of bread).

The bakery margin ranged from $79.85 to $85.84 per bread unit. Smaller marginsoccurred at the
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highest and lowest wheat protein categaries, while greater margns were experienced in the middle
wheat protein categories.

In summary, costs vary in the operations of all the slected supply chain players.
Furthermore, the variations are not cond stent among these players. Higher protein wheats result in
higher inventory costs for elevators. Asaresult, elevators havelittle incentive to store higher
protein wheats when they providea lower return than lower protein wheats. Furthermore, the
elevator margin is smdl, providingincentive for large volume shipments. Enhancing the elevaor’s
incentive toward large shipments are railroads, the principle transporter of wheat, who gain
operating efficiencies from these movement types. Flour mills enjoy the largest margins when they
include wheat gluten in their flour products. Thisindicates that the tradeoff between wheat gluten
and higher protein wheats appears to favor wheat gluten. 1n anothe observation regarding the
flour mill activity, USNumber 1 wheats provide consistently greater margins than US Number 2
wheats with the exception of the lowest protein wheat category (<11.5 percent protein). Flow is
transported by both rail and truck. In the base case scenario, flour is transported by single railcar.
The railroad’ s margins for theflour and wheat shipmentsare similar, although therates and costs

differ substantively for these shipmerts.
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Table5.5. Base case empirical resultsfor the bakery activity in the wheat supply chain
model
Wheat Operating Inventory Purchase  Inbound Sales Bakery
Protein  Wheat Cost Cost Cost Cost Revenue Margin

(%) Grade ($/unith ($unith  ($unith) ($/unith ($/unit") ($/unit")
US1 $423.1100 $1.4966  $83.8360 $6.8814 $600.00 $84.6756

<iLs US2 $423.1100 $1.4960 $83.6106 $6.8629 $600.00  $84.9200
<125 US1 $423.1100 $1.4952  $83.2956 $6.8371 $600.00 $85.2615
US2 $423.1100 $1.4956 $83.4381 $6.8488 $600.00 $85.1070
<130 US1 $423.1100 $1.4948 $83.1192 $6.8226 $600.00  $85.4529
US2 $423.1100 $1.4947  $83.0941 $6.8205 $600.00  $85.4801
<135 US1 $423.1100 $1.4939 $82.7636 $6.7934 $600.00 $85.8386
US2 $423.1100 $1.4944  $82.9605 $6.8096 $600.00  $85.6250
<14.0 US1 $423.1100 $1.4959  $83.0583 $6.7839 $600.00 $85.5514
US2 $423.1100 $1.4962  $83.1660 $6.7927 $600.00 $85.4346
<145 US1 $423.1100 $1.4999 $83.6485 $6.7653 $600.00 $84.9758
US2 $423.1100 $1.5002 $83.7436 $6.7730 $600.00 $84.8727
<150 US1 $423.1100 $1.5039  $84.2206 $6.7457 $600.00 $84.4193
US2 $423.1100 $1.5041 $84.2870 $6.7510 $600.00 $84.3474
<155 US1 $423.1100 $1.5124 $85.5916 $6.7254 $600.00 $83.0602
US2 $4231100 $1.5126 $85.7068 $6.7344 $600.00 $82.9356
<165 US1 $423.1100 $1.5206 $86.8599 $6.6980 $600.00 $81.8110
us2 — — — — — $0.0000
16.5 < US1 $423.1100 $1.5375 $89.6089 $6.6623 $600.00  $79.0808

US2 $423.1100 $1.5331 $88.8441 $6.6651 $600.00 $79.8472

A unit is based on the requirements to manufacture 1,000 pounds of whitebread.
—No observati ons were recorded in this category.

Bakery margins are greatest at mid-protein wheats. Thisindicates that a tradeoff in technical
efficiency, flour requi rements, and ingredient cost exists. Asflour protein increasesinitialy,
technical efficiency increases. However, at some paint, the cost of higher protein flours exhausts
these efficiency gains. Additional information is necessary on the attributes of flour contaning
both milled wheat and whea gluten to derive any specific conclusions on the impact of flours

containing lower protein milled wheat and wheat gluten.



Base case results for each of the activities are shown in Figure 5.1. For comparison

purposes, al information is reported using a common unit, 1,000 pounds of white pan bread.

The

elevator and the two transportation activities, wheat and flour, have rel atively stable results across

al wheat categories. The flour mill activity exhibits the greatest variation. Thisinturn causes the

majority of variationin the total supply chain results. The bakery activity also exhibits some

variation, albeit much less than the flour mill. Aswheat protein increases, bakery performance

initially improves and then falls off.
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Figure 5.1. Summary of base case margins for each activity and for the entire wheat supply chain.

Note: A unit isbased on the requirementsto manufacture 1,000 pounds of white pan bread and Fr

Trans pertains to the flour transportation activity and Wht Trans pertains to the wheat
transportation activity.
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Scenarios Evaluated

In addition to the base case, three scenarios were analyzed with the model. The first and
second scenarios evaluated the implications of specific changes in the price of wheat gluten. Inthe
third scenario, the location of the flour mill was changed from an origin to a destination mill.

In the first wheat gluten pricing scerario, the price of wheat gluten was assumed to
increase 50 percent. In the second, the price of wheat gluten was assumed to increase 100 percent.
Currently, many experts inthe industry consider the U. S. wheat gluten market a“dump” market
for Canadian, Australian, and European wheat gluten. If thisisthe case, one would expect the
price of wheat gluten to increase over time.

At a 50 percert increase in the price of whea gluten, model results differ substantidly
from the base case. The differenceisentirely realized by changesin the flour mill activity. The
profitability of making flour out of lower protein wheats and wheat duten declines relative to those
flours made without wheat gluten. Although the flour mill achievesitslargest margin at the same
wheat proteinlevel asin the base case, the supply chan optimum shifts from lower-proten toward
middle-protein wheats (Table 5.6). This shows the diminished substitutability of wheat gluten for
milled wheat flour as the price of wheat gluten increases.

A 100 percentincrease in theprice of wheat gluten further decreases the total supply chain
margin, paticularly theflour margn. However, the flour mill’ s optimal wheat protein shifts
toward middle-protein wheats when gluten prices are increased 100 percent (Table5.7). Optimum
wheat proteins remain the same for the entire supply chain and all of the other activities in both the
50 percent and 100 percent scenarios. By increasing gluten prices from 50to 100 percent, the flour
mill’ s optimum result shifts to a common optimum wheat protein category shared by the supply

chain, bakery, and flour mill.
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Table 5.6. Scenario 1 activity marginsfor the elevator, flour mill, bakery, wheat
transportation, and flour transportation components of the wheat supply chain on
a 1,000 Ibs. of bread basis

Base Case
Wheat Flour Wheat Flour Supply Supply
Protein Wheat Elevator Mill Bakery  Transport Transport Chain Chain

(%) Grade Margin Margin  Margin  Margin Margin Margin Margin
usi $0.3289 $5.9158 $84.6756 $3.5944 $3.7305 $98.2452 $101.8398

<1L5 uS?2 $0.3313 $7.3519 $84.9200 $3.6203 $3.7205 $99.9440 $102.8780
<125 UsSi $0.3174 $6.4795 $85.2615 $3.6549 $3.7065 $99.4197 $101.4061
us?2 $0.3277 $5.0828 $85.1070 $3.7745 $3.7128 $98.0048  $99.9001
<130 USi $0.3111 $6.8617 $85.4529 $3.7272 $3.6986 $100.0516 $101.0291
usS2 $0.3179 $5.1206 $85.4801 $3.8080 $3.6975 $98.4241  $99.5626
<135 usSi $0.3071 $7.0377 $85.8386 $3.7604 $3.6828 $100.6266 $100.8739
us2 $0.3205 $4.0605 $85.6250 $3.9242 $3.6915 $97.6217  $98.0609
uSi $0.2961 $5.9931 $85.5514 $3.7751 $3.6773 $99.2929  $99.2929
<14.0
usS?2 $0.3063 $3.9809 $85.4346 $3.9052 $3.6820 $97.3091 $97.3091
USi $0.2876 $4.4537 $84.9758 $3.8105 $3.6664 $97.1940 $97.1940
<145
usS?2 $0.2940 $3.1345 $84.8727 $3.8948 $3.6706 $95.8666 $95.8666
<150 usS1 $0.2728 $3.0528 $84.4193 $3.8297 $3.6550 $95.2297  $95.2297
us2 $0.2782 $1.8372 $84.3474 $3.9044 $3.6579 $94.0251  $94.0251
<155 usSi $0.2535 $1.5306 $83.0602 $3.8185 $3.6425 $92.3054  $92.3054
us2 $0.2633 ($1.0238) $82.9356 $3.9671 $3.6474 $89.7897  $89.7897
<165 uSi1 $0.2370 ($0.0483) $81.8110 $3.8787 $3.6262 $89.50  $89.5045
us?2 — — — — — $0.0000 $0.0000
165 < uSi $0.1977 ($3.9493) $79.0808 $3.8983 $3.6039 $82.8316 $82.8316

us?2 $0.2013 ($6.1289) $79.8472 $3.9687 $3.6062 $81.4945  $81.4945

'Scenario 1 reflects a 50 percent increase in the vital whea gluten pricefor the flour mill.
—No observati ons were recorded in this category.
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Table5.7. Scenario 2 activity marginsfor the elevator, flour mill, bakery, wheat
transportation, and flour transportation components of the wheat supply chain on
a 1,000 Ibs. of bread basis
Base Case
Wheat Flour Wheat Flour Supply Supply
Protein Wheat Elevator Mill Bakery Transport Transport  Chain Chain
(%) Grade Margin  Margin  Margin  Margin Margin Margin Margin
usi $0.3289 $2.3211 $84.676 $3.5944  $3.7305 $94.6505 $101.8398
<115
us?2 $0.3313 $4.4178 $84.920 $3.6203 $3.7205 $97.0099 $102.8780
<125 usi $0.3174 $4.4931 $85.262 $3.6549 $3.7065 $97.4334 $101.4061
us?2 $0.3277 $3.1875 $85.107 $3.7745 $3.7128 $96.1096  $99.9001
<130 usi $0.3111 $5.8842 $85.453  $3.7272  $3.6986 $99.0741 $101.0291
us?2 $0.3179 $3.9821 $85.480 $3.8080 $3.6975 $97.2856  $99.5626
<135 usi $0.3071 $6.7904 $85.839 $3.7604  $3.6828 $100.3793 $100.8739
us?2 $0.3205 $3.6213 $85.625 $3.9242 $3.6915 $97.1825 $98.0609
<140 usi $0.2961 $5.9931 $85.551 $3.7751 $3.6773 $99.2929  $99.2929
usz2 $0.3063 $3.9809 $85.435 $3.9052 $3.6820 $97.3091 $97.3091
<145 Uusi $0.2876 $4.4537 $84.976 $3.8105 $3.6664 $97.1940 $97.1940
us?2 $0.2940 $3.1345 $84.873 $3.8948 3$3.6706 $95.8666 $95.8666
<150 Uusi $0.2728 $3.0528 $84.419 $3.8297 $3.6550 $95.2297  $95.2297
us?2 $0.2782 $1.8372 $84.347 $3.9044  $3.6579 $94.0251  $94.0251
<155 usi $0.2535 $1.5306 $83.060 $3.8185 $3.6425 $92.3054  $92.3054
usz2 $0.2633 ($1.0238) $82.936 $3.9671  $3.6474 $89.7897  $89.7897
<165 usi $0.2370 ($0.0483) $81.811 $3.8787 $3.6262 $89.5045  $89.5045
us?2 — — — — — $0.0000 $0.0000
16.5 < Uusi $0.1977 ($3.9493) $79.081 $3.8983 $3.6039 $82.8316 $82.8316
us?2 $0.2013 ($6.1289) $79.847 $3.9687 $3.6062 $81.4945  $81.4945

'Scenario 2 reflects a 100 percent increase inthe vital wheat gluten price for the flour mill.

—No observati ons were recorded in this category.

Aswas discussed earlier, changes are taking place in the location of the flour milling

industry. Most of this change has occurred through the expansion of flour millingactivity in

destination markets. The final scenario analyzed was the implications of flour mill location on the

supply chain and its players. Inthe model, all prices are free-on-board (FOB) origin. This means

the purchaser pays the freight. Asaresult, the flour mill pays for the transportation of wheat from
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the elevator to its location and the bakery pays for thetransportation of flour fromthe mill to its
location. The flour mill’ s inbound transportation costs will increase as the flour mill’ s location
shifts further avay from the source of wheat. Similarly, the bakery’ s inbound transportation costs
would be expected to decline as the flour mill becomes closer to the bakery.

Given the assignment of transportation costs in the model, FOB origin, it would appear the
flour mill would be worse off and the bakery would be better off froma destination flour mill
because actual flour price was unchanged. However, one also would expect the price of flour to
change. The bakery’stotal expenditure on flour, including transportation, woud be expected to be
similar under both scenarios. Thiswould compensate the flour mill for its additional wheat
transportation costs. However, exactly how the net change in transportation costswould be split
between the flour mill and the bakery would be a point of negotiation between them. Therefore,
the model did not specificdly consider a change in the price of flour. Asaresult, model resuts
make the flour mill appear to be much worse off and the bakery much better off from a changein
location than what would be expected to ocaur.

The results for the supply chain, on the other hand, are more instructive asto the
implications of a change in location. The profit maximizing supply chain for the destination flour
mill occurs & the same level of wheat protein asin the base case. However, totd supply chain
margin fell $2.74 per 1,000 pounds of bread. Increased inbound wheat transportation costs
decreased the flour mill’s margin by $5.99 per 1,000 pounds of bread (since flour price was held
constant). Similarly, decreased inbound flour transportation costs should result in an increased
bakery margin. Interestingly, the bakery’s margin only increased $5.35 per 1,000 pounds of bread.
Out of the $2.74 per 1,000 pounds of bread that the supply chain lost, the flour mill and the bakery

contributed a net loss of $0.64 per 1,000 pounds of bread from this changein flour mill location.
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The remainder of the difference in supply chain margins between originand destination
flour mill location must be accounted for by the remaining activities in the model. Since the
elevator’s mar gin was unchanged, the only remai ning activity was transportation. Therelative
profitability of wheat transportation increased $1.62 per 1,000 pounds of bread astherail carrier
provides service over alonger distance (between Rugby and Chicago). The margin for flour
transportation decreased to zero as the mode changes from rail to short-distance truck. This
created an interesting observation as it appears that the rail carrier has exchanged a total
transportation margin of $7.34 per 1,000 pounds of bread for transporting bath wheat ($3.62) and
flour ($3.72) for a $5.24 per 1,000 pounds of bread margin on just wheat transportation.

Summarizi ng this scenario, the positive benefits to the wheat transport carrier (from a
change in wheat shipments) andto the bakery (from decreased inbound flour transportation costs)
are less than the negative impads on the flour mill (from higher inbound wheat transportation
costs) and the flour transport carrier (forgone margins from flour shipments). Additionally, the
implications are dependent upon the transportaion cost calculations. In the model, rail costs for
both flour and wheat shipments wereestimated using URCS. It is possible that URCS under- o
over estimates the cost of shipping flour from Grand Forks to Chicago or wheat from Rugby to

Grand Forks or Chicago. Model results from the third scenario are presented in Table 5.8.
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Table5.8. Scenario 3 margins for the elevator, flour mill, bakery, wheat transportation, and
flour transportation components of the whea supply chain on a 1,000 Ibs. of
bread basis

Base Case
Wheat Wheat Flour Supply Supply
Protein Wheat Elevator Flour Mill Bakery Transport Transport ~ Chain Chain
(%) Grade Margin Margin  Margin  Margin Margin Margin Margin
<115 usi $0.3289  $3.5668 $90.035 $5.2046 $0.00 $99.1350 $101.8398
us?2 $0.3313  $4.2994 $90.265 $5.2422 $0.00 $100.1381 $102.8780
<125 usi $0.3174  $2.4171 $90.587 $5.2923 $0.00 $98.6141 $101.4061
us?2 $0.3277  $0.7315 $90.442 $5.4654 $0.00 $96.9663  $99.9001
<130 Uusi $0.3111  $1.6684 $90.768 $5.3970 $0.00 $98.1444 $101.0291
us?2 $0.3179 ($0.0455) $90.794 $5.5140 $0.00 $96.5799  $99.5626
<135 usi $0.3071  $1.0573 $91.132 $5.4451 $0.00 $97.9411 $100.8739
us?2 $0.3205 ($1.9991) $90.930 $5.6822 $0.00 $94.9336 $98.0609
<140 usi $0.2961 ($0.2620) $90.838 $5.4663 $0.00 $96.3387  $99.2929
us?2 $0.3063 ($2.4898) $90.728 $5.6548 $0.00 $94.1994  $97.3091
usi $0.2876 ($1.8627) $90.251 $5.5176 $0.00 $94.1933  $97.1940
<145
usz2 $0.2940 ($3.3217) $90.154 $5.6397 $0.00 $92.7655  $95.8666
<150 usi $0.2728 ($3.2984) $89.682 $5.5454 $0.00 $92.2016  $95.2297
us?2 $0.2782 ($4.6378) $89.614 $5.6536 $0.00 $90.9077 $94.0251
<155 usi $0.2535 ($4.8071) $88.312 $5.5292 $0.00 $89.2871  $92.3054
us?2 $0.2633 ($7.6082) $88.194 $5.7444 $0.00 $86.5933 $89.7897
<165 Uusi $0.2370 ($6.4890) $87.046 $5.6163 $0.00 $86.4103  $89.5045
us?2 — — — — — $0.0000 $0.0000

16.5 < usi $0.1977 ($10.4331) $84.297 $5.6448 $0.00 $79.7068 $82.8316

usz2 $0.2013 ($12.7298) $85.064 $5.7467 $0.00 $78.2820 $81.4945

'Scenario 3 reflects a destination flour mill (the base casereflected an origin location).

—No observati ons were recorded in this category.
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Summary

With respect to wheat protein, results from the scenarios and base case are compared and
contrasted in Hgure 5.2. The optimumwheat quality for each activity and the supply chain are
presented. Again, the model considered a base case, 50 percent increase in guten price, 100
percent increase in gluten price, and destinationlocation flour mill situations. Inall scenarios, the
elevator preferslower quality wheats. Thisis because lower protein wheats require smaller capital
investments in inventory. The flour mill activity presents the greatest variation in wheat quality
preferences. In the base case, lower protein wheats are desired. Asthe price of gluten isincreased
in the first and second scenarios, the preference shifts toward middle protein wheats. In the third
scenario, the flour mill’s wheat quality preference shifts back to lower wheat proteinlevels. The
bakery exhibits no variaion in preferences for wheat quality under any scenario. The supply chain
preference for wheat quality mirrors the flour mill’s. In the base case, lower protein wheats are
prefered froma supply chan perspective. In the first and second scenarios, supply chain
preference shifts toward middle protein wheats. In the final scenario, the wheat quality preference

from the supply chain’s perspective returns to lower protein wheats.
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Supply Chain

Bakery

Flour Transport

Suppply Chain Activities

Flour Mill

Wheat Transport
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—a—— Scenario 3 (Destination Flour Mill)

—&— — - Scenario 2 (100% Increase Gluten Price)
N —— Scenario 1 (50% Increase Gluten Price)
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—

o

<11.5% >16.5%

Wheat Protein Preferences

Figure 5.2. Summary of wheat quality preferences for each activity in the wheat supply chain for
each of the scenarios modeled.



CHAPTER VI: CONCLUSIONS

In this chapter, a summary of the study is presented. In addition, conclusions drawn from

the study are presented. Finally, gudy limitations and the need for further study are addressed.

Summary

The base case models the relationships among three playersin the wheat suppy chain.
Cost and technical relationships were taken from secondary sources and do not necessarily reflect
the actual cost and technical relationships within and between any particular set of firms. The
discussion is organized around wheat attributes; an elevator, aflour mill, and a bakery firm; and
the transportation linkages between thesethree firms.

The wheat attributes available to a particular elevatar are limited to the quality attributes of
the local wheat production. Competitionamong elevators effectively limits the sourcing area for
any particular elevator. This means a paticular elevaor has only asmall influence over thequality
of wheat that it can purchase Inthe model, wheat quality data were summearized for theentire
Hard Red Spring wheat growing region (encompassing eastem Montana, Narth Dakota, South
Dakota, and western Minnesota). Therefore, the wheat quality data used in the model reflect
regional averages as opposed to the localized conditions of a particular elevator.

In the model, the location o the elevator activity was specified as Rugby, in north central
North Dakota. Thereisonly one elevaor in Rugby, and it has the ability to load unit trains in
excess of 49 railcars (North Dakota Railroad Map, 1994). Furthermore, unit train shipments have
occurred between Rugby and thelocation of the flour mill (Grand Forks, North Dakota) (Upper
Great Plains Transportation Institute, 1995). Wheat prices in Rugby were assumed to be driven by
the cash price in Minneapolis. Other elevator data, including the cost and technical relationships,

were taken from previous analyses of the elevator industry (Bangsund, Sell, and Leistritz, 1994 and
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Johnson, Scherping, and Wilson, 1992). Freight terms of wheat sales from the elevator were
assumed to be free-on-board (FOB) origin, meaning the buyer takes possession upon shipment and
isresponsible for paying freight charges.

Rugby is served by asinglerail carrier, Burlington Northern (BN). Although substantive
changesin rail pricing have beenintroduced by BN (i.e., the Certificate of Transportation
program), published rate tariffs remain the source of secondary data on rail prices. The actual
costs incurredby BN for moving a particular shipment or for a particular origin-destination pair are
not available. However, the Interstate Commerce Commission developed, using an extensive
database of confidential rail cost information, the Uniform Rail Costing Systam (URCS). With
information on the rail carrier, shipmert distance, railcar type and ownership, and shipment
payload per car and number of cars, URCS can compute the single shipment cost. In themodel,
URCS was usd to estimate BN’ s cost of moving 26 railcars, each with 100 tons of wheat, in
railroad-owned, covered hopper cars from Rugby to Grand Forks.

This analysis was not conducted at the request of or with the support of any particular flour
mill. However, itsinitial focus was Grand Forks, the location of the North Dakota Mill.
Furthermore, cost and technical data for themodel were not obtained, either in confidence or
publicly, for this particula mill. The only data obtaned that potertially reflect the North Dakota
Mill’ s operations were that (1) 26 railcar shipmentshave occurred between Rugby and Grand
Forks, (2) arail tariff for this type of wheat shipment exists, and (3) arail tariff for flour between
Grand Forks, North Dakota, and Chicago, Illinois, the locaion of the bakery in the model, exists.
In the madel, flour waspriced FOB arigin. Additionally, flour with higher protein contents were
priced at a premium to the baseprice.

Burlington Northern also is the sole rail service provider for Grand Forks, North Dakota.

Rail tariffs for flour between Grand Forksand Chicagowere used in the model. Therail carrier’s
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cost of providing this service also wasestimated usng URCS. In the model, URCS was used to
estimate BN’ s cost of moving 100 tons of flour in asingle privately owned general service hopper
car from Grand Forks to Chicago.

The bakery analysis did not reflect the operations or strategies of any particular bakery.
Chicago was selected for analysis because there are currently two flour millsin operation, one
recently condructed. Additionally, Chicago represents a flour market that may be served by a mill
in Grand Forks. Inthe model, flour quality requi rements were specified by the bakery. Although
specifications were taken from an actual bakery not located in the Chicago area, a white pan bread

bakery in Chicago likely would have similar flour product specifications.

Conclusions

Several conclusions can be drawn fromthis study. First, there are natural pressuresfor
individual participants to pursue different policies and strategies to maximize profit. Second,
coordination among the elevation, milling, and baking activities could provide benefits to the
supply chain. Third, improvingsupply chain coordination among the wheat val ue chain would be
difficult due to the distribution of power and benefitsamong players.

The result of each firm following an uncoordinated strategy is a supply chain with lower
total margin. All firms coud be better off through cooperation. However, from an individual
firm’s perspective, one has to assess what it will taketo move tothe supply chain profit
maximizing strategy. The key isdetermining how information should flow through the supply
chain to avoid strategies that lead to alower total margin. When assessinginformation flows,
buyer-supplier relationships become more important as does the relative balance of power among

individua firms,
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Coordination among the devation, milling, and baking activities could provide benefitsto
the supply chain. The pressures to achieve sustainable competitive advantage exist in both the
milling and baking activities. By linking with the devation stage, all firms could gain added
competitive advantage. Wheat of the optimum quality could be procured and stored by the elevator
with the prope incentive from the mill. Additionally, the whea would contain attributes positively
impacting the extraction rate and optimizing the protein strength-quantity tradeoff for the baker.

Under current, or traditional, buyer-supplier relationships in the wheat value chan, supply
chain coordinaion would bedifficult to acheive. Flour millers appear to have the most to gain
with respect to their individual financia performance through supply chain coordination
However, bakers appear to have the upper hand over flour millsin terms of power within that
relationship. Similarly, individual flour mills appear to have little power over their elevator
suppliers.

The remainder of this discussion focuses on how well the model works. The usefulness of
the model isdependent upon the quality of data available. The model could be avaluable tool in
evaluating strategy alternatives when firm specific data are available. However, lessinsight is
provided when data are unavail able or when data need to be estimated from secondary sources.
Furthermore, simply improving daa used in the portion of the model dealingwith a particular firm
does not solve data problems in the other activitiesin the supply chain. Therefore, firmswill need
to learn more about their suppliers’ and customers’ operations to fully utilize this model.
Depending upon the relationship between these firms, this data could be difficult to ascertain.

The model provides a good indication of the potential impacts of quality attributes on the
various playersin the supply chain. The linkages between playersin the model are reflected

through wheat quality characteristics and bakery ingredient requirements.
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Although many quality attributes in agricultural crops are determined by climatic
conditions, producers can influence many of these attributes directly. Perhaps the largest strategic
choice confronting producersis plant variety. Varietal decisions are influenced by current pricing
mechanisms, as well as expectedyields.

As shipment size between elevators and flour millsincrease, it is plausible that blending
among wheat protein categoriesincreases. This could potentially increase the qudity variance
within and between shipments. By shifting location and increasing the emphasis for volume wheat
shipments from elevators, flour mills have contributed to an associated increase in quality variance
and uncertainty. Alternatively, destination flour mills can effectively sourcewheat from multiple
geographicregions, reflecting the wheat quality attributes of the region and the flour mill’ s quality
needs.

The transformation of white pan bakeries to highly automated production facilities
decreases their tolerance for attribute variance and uncertainty. Conformance to ingredient
specifications become increasingly important. This conflicts with blending practices that may
result in the increased variance in quality atributes. However, bakers also value the service
aspects associated with their flour purchases. This includesthe decreased transportation time and
inventory requirements associated with closer flour mills.

The model has several strengths for use in analysis. First, it explicitly considers the
implicationson the supply chain. Italso hasthe flexibility to include additional or to modify
existing linkages, cost drivers, and technical relationships. Additionally, themodel’ s ease of useis
aconsiderable strength.

One weakness of the model isthat technical relationship data are a prerequisite to analysis.
Also, cost and price data are often difficult to determineeven withina firm let alone for suppliers

and customers. Another weakness isin evaluating firms where one' s output is another’ sinput. A
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firm level decision by the elevator would not consider the amourt of wheat in flour or in a bakery
unit. However, to evaluate thesupply chain, all of the firms needto be converted to a common
unit.

In summary, the model provides a mechanism to identify improvements in the relationships
among members of the supply chan and to evduate impactsof strategy choice on a paticular firm
and the supply chain. With good data, the model would providevaluable insight into firm level

strategic pl anning.

Study Limitations

The purpose of the spreadsheet model istoassist firms in the wheat supply chain to
evaluate strategic alternatives. In addition, the model presents a method for strategy analysis that
can be replicated by firmsin other supply chains. Examples of strategc choices that could be
evaluated with the model include location analysis, vertical integration and relationship analysis,
plant utilization implications, ingredient pricing mechanisms, input substitution analysis, and
impacts to supply chain from changesin wheat or flour quality atributes. These strategy choices
are primarily specific to supply chan members. However, the last strategic decision, concerning
wheat and flour quality attributes, has implications for both the public sector, especially
agricultural research concerning plant breeding, and the private sector, especially farmer’s varietal
decisions.

There are several limitations to the results of themodel presented in thisthesis. The mgjor
limitation isthat the data used in the model areillustraive. Indvidual firmsin the wheat supply
chain would have more applicabledata for their unique situations. For instance, thequality of
wheat available from a given elevator would differ, the relationships between wheat and flour

characteristicscould be refined for a particuar situation, and specific cost and revenue data could
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be incorporated. Additiondly, many assumptionsinherent with the method used for estimating rail
transportation costs, URCS, limit the accuracy of the results. However, this model illustrates that
relationships exist between activities that impact each other’ s performance. Furthermore, the
model illustrates that many of these relationships are not captured in the current pricing mechanism

nor are they captured through alternative methods.

Need for Additional Study

Whether a firm should participate in Supply Chain Management initiatives with itssupply
chain partnersis unclear. There are tradeoffswithin and beween firmsthat are unclear. This
thesis attempted to identify the information requirements and illustrate how afirmin the wheat
supply chain could evaluate such astrategy.

Model results confirm that firm optimization and supply chain optimization are often not
the same. Also, the technical and economic relationships between wheat quality and performance
provide insight into future drategic diredions for the supply chain players but more information is
needed. For instance, more researchis needed into the actual drivers of various cost components,
especially operating costs for all playersin the model. More knowledge of the relationship
between product attributes and technical output is required, especially for the bakery activity.
Also, the impact of wheat gluten on mill and bakery performance is not well known. In summary,

better data on cost behavior and implications on technical relationships for all levels are needed.
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VARIABLE ESTIMATES

Variables were used to model the ingredient, operating, inventory, and logistics costs
associated with the wheat supply chain. Following Bierman, Bonini, and Hausman (1991),
variables were classified as either decision, exogenous, intermediate, or performance measures.
Decision variables are controlled by thedecision maker; exogenous variables are beyond the
control of the decision maker; intermediate variables are necessary to relate decision variables and
exogenous vari ables to perf ormance measures; and perfor mance measures are a quantitative
expression of the decision maker’s objectives (Bierman, Bonini, and Hausman, 1991).

The spreadsheet model developed for thewheat supply chain was comprisad of five linked
sheets. The first sheet contained wheat quality data used in the elevation and milling activity. The
second through fourth sheets represented the activities of the sectors (elevation, milling, and
baking) within the model. The final sheet, provided a summary of the activities in thewheat supply
chain.

The following discussion is organized by activities in the wheat supply chain. The
spreadsheet model appearsin Appendix B Portions of the spreadsheet model and the data used
have been reproduced and appear throughout this section to aid the discussion.

Initial Characteristics

The first set of variables in the spreadsheet model were considered decision variables. Two
principle characteristics of the wheat supply chain are determined independently of any one
specific supply chain’s economic activities. These include physical characteristics of the wheat
crop and wheat prices. This section of the model refers to the wheat data sheet which was
reproduced as pages 1 and 2 in Appendix B.

To illustrate the characteristics of wheat avalable to a generic wheat supply chain, data

were taken from the Hard Red Spring Wheat 1994 Regional Quality Report (Moore et al., 1994).
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These data represent the entire 1994 wheat crop for North Dakota, South Dakota, Montana, and
Minnesota. Of the 437 observations available, only those observations that were considered U.S.
Number 1 or 2 were included in the analysis (n=333). Wheat of lower quality is not typically used
in the flour milling or bakingactivities. The 333 remaining adbservations were first grouped into 10
protein categories to mirror current elevator binning practices. Table A1l depicts the wheat
characteristics and coefficients available to the elevation activity. These variables were estimated
as the mean value for each characteristic of the observationsin each category, with the exception of

wheat ash. Wheat ash characteristics were estimated by the regression equation (n=333):

Wht ) Vit _ ShiBr _ Wht  Wht
dsh = 11288 = 00094 - 0 - 0.069 - LT+ 0.0838 - p 1+ 00006 - py (A1)
R% = 0.82 (1915) (-5211) (- 2.143) @.171) (1.78)

where Wht Ash is wheat ash content, Vit Krnl is vitreous kernel count, Si/Br Krnl is shrunken and
broken kernel count, Wht Prot is wheat protein content, and Wht FN is wheat falling number val ue.
Among the 10 categories, approximately 23 percent of the observations were 13 percent protein or
less, 29 percent were between 13 and 14 percent protein, 32 percent were between 14 and 15

percent protein, and 16 percent exceeded 15 percent protein (Table Al).
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Table A.1. Wheat characteristics for 10 elevator bins

Wheat Wheat Categories (Protein)
Attribute <11.5% <12.5% <13.0% <13.5% <14% <14.5% <15.0% <15.5% <16.5% 165%<
Protein 10.99 1210 12.80 1332 1383 1432 1479 1530 1583 16.84
E"’L"]'r:q';)ger 381.79 386.45 385.06 377.40 382.83 394.68 397.90 40521 374.81 388.60
Dockage 211 152 208 135 156 159 213 116 180 0.72
\TNe;tght 61.77 6116 60.99 61.07 6044 60.14 6021 59.76 6056 58.98
Kernel
Weight 3287 3274 3354 3290 3341 3319 3389 31.80 32.88 31.28
\Iégﬁglus 6629 7824 81.00 8993 8816 9117 9221 9551 97.13 97.80
Shrunken/

153 152 122 139 102 103 099 116 083 098
Broken
Foreign 007 007 005 003 004 009 003 003 006 0.00
Material
Damage 029 028 060 027 087 076 049 078 022 004
Defects 189 18 187 169 192 1.8 151 197 116 1.02

Wheat Ash 1.55 1.40 153 168 159 161 153 1.34 162 181
Distribution 0.04 0.10 009 012 017 016 0.16 0.10 0.05 0.02

Adapted from Wheat Supply Chain Spreadsheet Model, Wheat Data Sheet (B3:V17), page 1
Appendix B.

In addition to protein considerations, millers purchase wheat on the basis of grade. Each of
the 10 protein categories were divided into subgroups representing U.S. Number 1 and 2 official
grades. Within each of the 10 categaries, the majority of all observations were classified as U.S.
Number 1. The associated mean values for wheat charaderistics are presented for the20 groupsin

Table A.2.
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The price of wheat is discovered on established grain commodity exchanges (e.g.,
Minneapolis, Kansas City, and Chicago) and reflects what a seller would receive at these markets.
However, sellers must transport their wheat to these markets. Therefore, thegrain exchange price
reflects a“landed” price. A local price can beestablished by subtracting a seller’ s costs associated
with transporting grain to these markets from the exchange price. Elevators offer farmers alocal
price that reflects, among other things the elevator’ s costs of transporting grain to the commodity
exchange. The difference between one elevator’slocal price and the cash price in amgjor
commodity market (i.e., Minneapolis) is often referred to as the cash basis.

Prices usually are based on wheat containing 13, 14, or 15 percent protein. The price for
13 and 15 percent protein wheats usually are at a discount and premium, respectively, to 14 percent
protein wheat. Wheat prices and protein adjustments vary independently over time, reflecting
supply and demand considerations. Thebasis aso canvary over time. Two main causes of basis
variation include transportation and competition with other elevators and/or local demand for wheat
(e.g., for feed).

The wheat price protein adjustments, and basis used in the model aredepicted in Tale
4.3. Thefollowing data from the week of June 12, 199, were used in the model: Minneapolis
Grain Exchange cash price of $4.67 per bushel for 14 percent protein, $0.30 per bushel premium
for 15 percent protein, $0.15 per bushel discount for 13 percent protein, and a cash price from
Rugby, North Dakota, of $3.84 per bushel (4gweek, 12 June 1995). In practice, elevatorscalculate
adjustments for protein in increments of lessthan 1 percent. Adjustmentsin the model were made
for every 0.20 percent increment in protein content and were extended to cover the entire protan
range present in the wheat characteristic data set. Basis was $0.83 per bushel below the
Minneapolis price and was found by subtracting the Rugby cash price fromthe Minneapolis market

price.
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Table A.3. Wheat price and protein adjustments used in model

Description Protein Contert (%) Value ($/bu)
Minneapolis Cash Price 14.0 $4.67
Local Elevator Basis ($0.83)
Local Price $3.84
Protein Adjustments 9.0 ($0.75)

10.0 ($0.60)
10.2 ($0.57)
10.4 ($0.54)
10.6 ($0.51)
10.8 ($0.48)
11.0 ($0.45)
11.2 ($0.42)
11.4 ($0.39)
11.6 ($0.36)
11.8 ($0.33)
12.0 ($0.30)
12.2 ($0.27)
12.4 ($0.24)
12.6 ($0.21)
12.8 ($0.18)
13.0 ($0.15)
13.2 ($0.12)
13.4 ($0.09)
13.6 ($0.06)
13.8 ($0.03)
14.0 $0.00
14.2 $0.06
144 $0.12
14.6 $0.18
14.8 $0.24
15.0 $0.30
15.2 $0.36
154 $0.42
15.6 $0.48
15.8 $0.54
16.0 $0.60
16.2 $0.66
16.4 $0.72
16.6 $0.78
16.8 $0.84
17.0 $0.90

Adapted from Wheat Supply Chain Spreadsheet Model, Wheat Data Sheet (B39:E82), page 2,
Appendix B.
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Elevator Module

Country elevators are those that procurewheat from farmers, provide storage and other
value-adding services, and blend and consolidate wheat to meet buyer quality requirements. They
do not physically alter, manufacture, or process wheat into some ather product. Their purpose is
purely logistical and service orientated.

In the elevation moduleof the modd, decision variables, exogenous variales, intermediate
variables, and performance measures were used. This section of the madel refers to the elevator

sheet, which was reproduced as pages 3 through 8 in Appendix B.

Decision Variables

Decision variables represent the first section of this module. Variables were defined for
elevator utilization, operating characteristics, and operating costs. A portion of the spreadsheet
model where these decision variablesexist was reproduced in Figure A.1.

Thefirst decision variables concern utilization. Hevator utilization was measured on a
percent of full utilization basis (Figure A.1, row 7). Because utilization impacts the elevator’ s per
unit cost of operation, the portion of each operating cost category that varies with utilization was
specified (Figure A.1, rows 8 to 15). These data were nat available and were estimated to illustrae

the capability of the modd.
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B (o D E
3 <11.5
4 Decision Variables:
5
6 Utilization
7 Current Utilization (%) 90
8 Labor (% Variable) 60
9 Utilities (% Variable) 75
10 Maint. & Repair (% Variable) 25
11 Sampling / Testing (% Variable) 10
12 Depreciation (% Variable) 5
13 Interest (% Variable) 10
14 Admin / Misc. (% Variable) 20
15 Cleaning (% Variable) 50
16
17 Operating Characteristics
18 Turnover (volume) 2.27
19 Capacity (bu) 600,000
20 Operating Days 307
21 Cleaner Capacity (bu/hr) 1,000
22 Cleaning Cost (%, Vendor) 80
23 Cleaning Cost (%, Customer) 20
24 Inventory Carrying Cost (%) 25
25 Outbound Shipment Size (100 tons) 26
26
27 Operating Costs (100% Utilization)
28 Labor ($/bu) $0.034
29 Utilities ($/bu) $0.006
30 Maint. & Repair ($/bu) $0.003
31 Sampling / Testing ($/bu) $0.001
32 Depreciation ($/bu) $0.010
33 Interest ($/bu) $0.008
34 Administration / Misc. ($/bu) $0.030
35 Cleaner Cost ($/hour) $5.05
36 Difference between Buy/Sell Price ($/bu) ($0.15) ($0.15)

Figure A.1. Portion of the model reflecting elevator decision variables.

Adapted from Wheat Supply Chain Spreadsheet Model, Elevator Sheet (B2:W36), page 3, Appendix B.
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The second group of decision variables rdates to operating characteristics. First,thefirm’'s
capacity turnover ratio was specified (Figure A.1, row 18). The average turnover ratio for elevators
in North Dakota, 2.27, was used (Andreson, Young, and Vachal, 1994). Second, elevator storage
capacity was determined (FigureA.1, row 19). A capacity of 600,000 bushels was used in the
model; mean capacity fromthe 1993-94 Annual North Dakota Elevator Marketing Report was
589,412 bushels (Andreson, Young, and Vachal, 1994). Third, 307 dayswas used as the value for
annual operating days, based on a six-day work week (Figure A.1, row 20). Fourth, cleaner
capacity was specified (Figure A.1, row 21). A value of 1,000 bushels per hour was used (Johnson,
Scherping, and Wilson, 1992). The sixth and seventh variables specified were percent of cleaner
cost passed on to the vendor (farmer) and the customer, respectively (Figure A.1, rows 22 and 23).
Data were unavailable for this variable, and arough estimate of 80 percent to the vendor and 20
percent to the customer was included toreflect the model’ s capability. Next, an estimate for
inventory carrying cog was made (Figure A.1, row 24). It was specified as 25 percent of the firm's
investment in inventory. Finally, the elevator’s outbound shipment size was specified (FigureA.1,
25). Inthe elevator industry, transportation issues prevail over other concerns in determining lot
size. When lot size is known, average inventory can be found by dividing Q, lot size, by 2
(Bierman, Bonini, and Hausman, 1991). Inthismodel, alat size of 85,000 bushels, approximate
volume of a 26 railcar unit train, was used, yielding an average inventory of 42,500 bushels.

The third group of decision variables represents operating costs for the devator. Within
the context of this model, the modeler controls and determines thevalues for these variables Data
for the labor, utilities, maintenance and repair, sampling or testing, depreciation, interest, and
administration and miscellaneous variables were obtained from elevator budgets prepared by
Bangsund, Sell, and Leistritz (1994) (Figure A.1, rows 28 to 34). These data are representative of

actual operating conditionsthat reflect unknown levds of utilization, but for themodel were
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assumed to represent 100 percent utilization in the firm. Similarly, the hourly cleaner cost value,
taken from Johnson, Scherping, and Wilson (1992), was assumed toreflect 100 percent utilization
(Figure A.1, row 35). Thefinal decision variable in this section concerns grossmargin (Figure A.1,
row 36). Anelevator offersto buy grain from farmers at a discount to what it can ultimately sell
the grain for. Thisdiscount was referred to inthis model as gross margn and was assumed to be

$0.15 per bushel for each of the 10 protein categories.

Exogenous Variables

Exogenous variables represent the second section of this module. Variables were defined
for protein adjustments, sales price, and logstics characteristics. A portion of the spreadsheet
model where these exogenous variables exist was reproduced in Figure A 2.

The protein adjustment variabl e reflects the protein premium or discount applicable to each
of the 10 wheat categories (Figure A.2,row 41). The sales price variable reflects both the grain
price and the applicable protein adjustment for each of the 10 wheat categories (Figure A.2, row
44). The elevator’ slogistics characteristics were represented by variables for the transportation
rate per shipment (Figure A.2, row 47), the transportation provider’s cost of service (Figure A.2,
row 48), and transit time for the shipment (Figure A.2, row 49). The transportation rate was based
on the tariff for a 26 railcar shipment of wheat from Rugby, North Dakota, to Grand Forks North
Dakota. The transportation provider’s cost of service was estimated using theUniform Rail Costing
System (URCS) developed by the Interstate Commerce Commission. Transit time was estimated at

three days for the shipment.
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39
40
41
42
43
44
45
46
47
48
49

B
Exogenous Variables:

Protein Adjustment
Adjustment ($/bu)

Sales Price
Price ($/bu)

Logistics Characteristics
Rate ($/Shipment)

URCS ($/Shipment)
Transit Time (Days)

c D
($0.48)
$3.36
$31,356
$8,854
3

Figure A.2. Portion of the model reflecting elevator exogenous variables.

77

($0.48)

$3.36

Adapted from Wheat Supply Chain Spreadsheet Model, Elevator Sheet (B38:W49), page 5, Appendix B.

Intermediate Variables

Intermediate variables represent the third section of this module. Variables weredefined

for procurement cost, operating cost, cleaning cost, inventory cost, and total activity cost. A

portion of the spreadsheet model where these intermediae variables exist was reproduced in Figue

A3

The procurement cost variable was cal culated by subtracting the gross margin decision

variable fromthe exogenous variable for sales price (Fgure A.3, row 54). This variable represants

the amount the elevator pays for whea.
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

B
Intermediate Variables:

Procurement Cost
Price ($/bu)

Operating Cost

Labor ($/bu)

Utilities ($/bu)

Maint. & Repair ($/bu)
Sampling / Testing ($/bu)
Depreciation ($/bu)

Interest ($/bu)
Administration / Misc. ($/bu)
Operating Cost ($/bu)

Cleaning Cost
Cleaning Cost ($/bu)

Inventory Cost

Per Unit Investment
Average Inventory (bu)
Annual Inventory Cost ($)
Inventory Cost ($/bu)

Total Activity Cost

Cost ($/bu) excluding procurement

Cost ($/bu)

.0444
.0278
.0833
.1000
.1056
.1000
.0889

.0556

$3.20

$0.035
$0.006
$0.003
$0.001
$0.011
$0.009
$0.033
$0.098

$0.009

$3.31
1,768
$1,462
$0.0256

$0.133
$3.334

Figure A.3. Portion of the model reflecting elevator intermediate variables.

$3.20

$0.035
$0.006
$0.003
$0.001
$0.011
$0.009
$0.033
$0.098

$0.009

$3.31
1,768
$1,462
$0.0256

$0.133
$3.334

Adapted from Wheat Supply Chain Spreadsheet Model Elevator Sheet (B51:W77), page 5, Appendix B.

The operating cost variables were calculated intwo steps. First, a utilization factor was

determined (Figure A.3, column C, rows 57 through 63) as

(1 - C%)

(U%)

+ C%

H

(A.2)

where UF is utilization factor, C% is percent of cost variable with utilization, and U% is utilization

as percent of full. Thisfactor was based on the aurrent level of utilization and the proportion of
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each cost item that varies with utilization, which were both specified as decision variables. Second,
this factor was multiplied by the operaing cost assuming 100 percert utilization (Figure A.3,
columns D and E, rows 57 through 63). As aresult, operating cost values reflect the specified level
of utilization. Finally, avariablewas defined as the sum of these operaing cost values (Figure A.3,
row 64).

Cleaning cost represents the third intermed ate variable (Figure A.3, row 67). In addition
to hourly cost and capacity, the begnning level of wheat dockage and desired ending level of
dockage were required. Beginning dockage level was obtained from the wheat characteristics data.
Ending dockage was specifiedin the flour mill portion of the model which will be discussed later.

Cleaning cost was estimated withthe following equation:

Cost/Hour

C- ; (A3)
[ (0.7449 - 0.1019 - BD + 0.3882 - ED) - CCap/Hour ] :

where CC is cleaning cost, BD is beginning dockagelevel of wheat, ED is desired ending dockage
level of wheat, and CCap/Hour is cleaner capacity per hour (Johnson, Scherping, and Wilson,
1992).

The fourth group of intermediate variald es estimated in the elevation module dealt with
inventory cost. Inventory cost per bushel (Figure A.3, row 73) was found by dividing annual
inventory costs by the number of bushels shipped from each wheat category and was functionally

defined as

o - (PC+ OC + CC) - (WDist - AD) "
(ECap - TOV - WDist) ’ (A.4)

where IC isinventory cost, PC is procurement cost, OC is operating cost, CC is cleaning cost,
WDist is the distribution of wheat samples, A/ is average elevator inventory quantity, ECap is

elevator capacity, and TOV is elevator turnover. Annual inventory cost was found by multiplying



80

per unit inventory invesment (PC + OC + CC) (Figure A.3, row 70) by average inventory of each
wheat category (WDist X AI) (Figure A.3, rows 71). The number of bushels shipped of each wheat
category was found by multiplying total elevator turnover by the distribution of wheat in each
category.

Thefinal group of intermedate variablesin the elevation module concerned total activity
cost. Thefirstvariable wasthe sum of the operating, cleaning, and inventory intermedate
variables (Figure A.3, row 76). This variable excludes procurement and resembles value-added by
the elevation activity. The second variable encompasses all four of the intermediate cost variables:

procurement, operating, cleaning, and inventory (Figure A.3, row 77).

Performance Measures

Performance measures represent the fourth section of this module. Elevator margin was
used as the performance measurein the elevation module (FigureA .4, row 82). It was found by
subtracting the intermediate variable for total activity cost including procurement from the sales

revenue exogenous variable for each wheat category.

B C D E
79 Performance Measures:
80
81 Margin
82 Elevator Margin ($/bu) $0.024 $0.024

Figure A.4. Portion of the model reflecting elevator performance measures.

Adapted from Wheat Supply Chain Spreadsheet Model, Elevator Sheet (B79:W82), page 7, Appendix B.

Flour Milling Module
Milling is a process that alters wheat into two dstinct products, flour and mill feeds.

Although mill feeds have avalue, it is substantialy lower than that of flour. Therefore, mills have
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an incentive to maximize the extraction of fl our, mini mizing the production of mill feeds. In
addition, since flour is usually manufactured to order, millers store wheat as opposed to flour
(Harwood, Leath, and Heid, 1989). The quality characteristics of flour are a function of the milled
wheat’ s characteristics.

This module of the spreadsheet model reflects the flour milling activity and is made up of
four components. decision, exogenous, intermediate, and performance measures variables.
Building upon the elevation module, each wheat category wasfurther separated by grade, either
U.S. Number 1 or 2. Thiswas discussed in the first module of the model, wheat characteristics.
This section of the model refers to the flour mill sheet that was reproduced as pages9 through 16in

Appendix B.

Decision Variables

Decision variables represent the first section of this module. Variables were defined for
mill utilization, operating characteristics, operating costs, and wheat procurement specifications. A
portion of the spreadsheet model where these decision variables exist was reproduced in Figure
A5,

The first decision variables concern utilization. Mill utilization was measured on a percent
of full utilization basis (Figure A.5, row 8). Because utilization impacts the flour mill’ s per unit
cost of operation, the portion of each operating cost category that varies with uilization was
specified (Figure A.5, rows 9 through 16). These datawere not avalable and were estimated lely
to illustrate the capability of the model.

The second group of decision variables relatesto mill operating characteristics. Variables
represent inventory turnover, annual production, operating days, inventory carrying cost, and in-
transit inventory carrying cost (Fgure A.5, rows 19 through 24). An inventory turnove value of

46.3 times per year was obtained from a survey of flour millers by the Institute of Agribusiness at
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Santa Clara University (Starbird and Agrawal, 1994). Second, an annual production value of 1.8
million hundredweights (cwt) of flour was calculated from data on white bread-producing firmsin
the 1992 Census of Manufactures (U.S. Department of Commerce). A value of 307 days wasused
for annual operating days based on a six-day work week. Fourth, cleaner capacity was valued at
1,000 bushelsper hour (Johnson, Scherping, and Wilson, 1992). The sixth variable, inventory
carrying cost, was valued as25 percent of the firm’sinvestment in inventory. Finally, avalue of 20
percent was used for the intransit inventory carrying cost.

The third group of decision variables representsoperating costs for the flour mill. Data for
the labor, utilities, maintenance and repair, sampling or testing, depreciation, interest, and
administration and miscellaneous variables were obtained from flour mill budgets prepared by
Bangsund, S, and Leistritz (1994) (Fgure A.5, rows 27 through 33). These data are
representative of actual operating conditions refleding unknown levels of utilization, but for the
model were assumed to represent 100 percent utilization in the firm. The flour mill’ s hourly
cleaner cost was assumed to be greater than that of theelevator and was valued at $6 per hour,
reflecting 100 percent utilization (FigureA.5, row 34).

Thefinal group of decision variabl es concerns wheat procurement specifications. Two
variables were included: the level of dodkage in wheat procured and the level of dockage in wheat
prior to milling (Figure A.5, rows 37 and 38). The values used imply the elevation activity cleaned
wheat from the wheat characteristic level to 0.1 percent and that the milling activity further cleaned

the wheat to alevel of 0.001 percent.
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Decision Variables:

Utilization

Current Utilization (%)

Labor (% Variable)

Utilities (% Variable)

Maint. & Repair (% Variable)
Sampling / Testing (% Variable)
Depreciation (% Variable)
Interest (% Variable)

Admin / Misc. (% Variable)
Wheat Cleaning (% Variable)

Operating Characteristics
Finished Goods Inventory Turnover

(Times/Yr)

Annual Production (cwt)

Operating Days

Cleaner Capacity (bu/hour)
Inventory Carrying Cost (%)
Intransit Inventory Carrying Cost (%)

Operating Costs (100% Utilization)
Labor ($/cwt)

Utilities ($/cwt)

Maintenance & Repair ($/cwt)
Sampling / Testing ($/cwt)

Depre ciation ($/cwt)

Interest ($/cwt)

Administration / Misc ($/cwt)
Cleaning Cost ($/hour)

Wheat Product Specifications
Dockage Procured (%)
Dockage Prior to Milling (%)

90
25
75
25
10
10
10
10
25

46.30

1,800,000
307

1,000

25

20

$0.86
$0.25
$0.25
$0.00
$0.42
$0.20
$0.47
$6.00

D E
<11.5
us 1 us 2
0.1 0.1
0.001 0.001

Figure A.5. Portion of the model reflecting flour mill decision variades.

Adapted from Wheat Supply Chain Spreadsheet Model, Flour Mill Sheet (B3:W38), page 9, Appendix B.
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Exogenous Variables

Exogenous variables represent the second section of this module. Variables were defined
for the physical characteristics of milled wheat, mill efficiency, physical charatteristics of flour
sold, purchase cost, and sales revenue. A portion of the spreadsheet model where these exogenous
variables exist was reproduced in Figure A.6.

Thefirst group of exogenous variablesconcerns physical characteristics of the milled
wheat. A technical relationship exists between wheat and flour characteristics. This rdationship
represents important linkages between members of the wheat supply chain. Linkageswere
estimated by regression from additiond data includedin the wheat quality data set previously
discussed. In the data set, flour charaderistics were aggregated and averaged by crop reporting
districts, resulting in 22 observations. Equations 4.6 through 4.10 reflect the relationship between
various wheat characteristics and the protein, falling number, amylograph peak viscosity, flour ash,

and wet gluten characteristics of milledwheat (Figure A.6, rows43 through 47).

Flour _ . Wheat
Protein ~ 1.8019 + 0.7919 Protein . (A.5)

R? = 0822 (1.563) (9.618)

Flour Falling

Number Number . (A.6)
R* = 0.7586 (2.619) (7.927)
Amylograph . Wheat
Peak Viscosity ~ 3060.3167 + 14.3858 Falling Number . (A.7)

R = 0754  (-4.526) (7.83)
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54
55
56
57
58
59
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61
62
63
64
65
66
67
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69
70
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72
73
74

B
Exogenous Variables:

Milled Wheat Characteristics
Protein

Falling Number

Amylograph Peak Viscosity
Flour Ash

Wet Gluten

Mill Efficiency
Extraction Rate
Bushels Wheat = 1 cwt Flour

Characteristics of Flour Sold
Added Protein
Net Flour Protein

Proportions:
Milled Wheat
Wheat Gluten (65% protein)

Falling Number
Amylograph Peak Viscosity
Flour Ash

Wet Gluten

Purchase Cost

Wheat Price ($/bu wheat)
Gluten Price ($/cwt gluten)
Purchase Cost ($/cwt flour)

Sales Price

Base Flour Pirce ($/cwt)

Flour Protein Adjustment ($/cwt)
Price Received ($/cwt flour)

10.44
386
2407
0.3932
30.63

71.68
2.26

2.055
12.5

0.969
0.031

386
2411
0.3935
30.81

$3.36
38
$8.5191

$14.00
-0.34592
$13.654

Figure A.6. Portion of the model reflecting flour mill exogenousvariables.

Adapted from Wheat Supply Chain Spreadsheet Model, Flour Mill Sheet (B40:W74), page 11, Appendix B.

10.83
395
2579
0.3881
31.40

71.21
2.27

1.672
12.5

0.975
0.025

395
2578
0.3885
31.53

$3.36
38
$8.3807

-0.34592
$13.654
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Flour Ash = 0.1297 + 0.1704 - Wheat Ash

R? = 051 (2.12) (4.563) (A-8)
_ . Wheat ) Wheat
Wet Glutten = 4.1963 + 2.5871 - , .~ 0.01 Falling Number . A9
R? = 0.763 (0.768) (7.086) (-2.511)

The second group of exogenous variables reflects mill efficiency. A measureof mill
efficiency is extraction rate, which represents the percent flour produced from a quantity of wheat.
In additionto flour, milling wheat produces mill feeds. Certain characteristicsin wheat impact a
miller’s extraction rate, including test weight, vitreous kernel count, and proteinlevel (Moore,
1995). From the wheat characteristics data set, Equation A.11 was estimated and used to determine
extraction rate (n=22) (Figure A.6, row 50). Extractionrate datafromMoore et a. (1995) are
consistently lower than industry resultspresented by Harwood, Leath, and Heid (1989). Thereare
two reasons for this: the laboratory mill used is less efficient at extraction than commercial grade
mills, and milling small samples reaultsin lower extractions than when large quantities of wheat are
milled. Thisisnot aconcern sincethe interestisin relative extraction performance among
different lots of wheat. The next variable simply converts from percent of flour in wheat to the

number of bushels in one hundred poundsof flour (Figure A.6, row 51).

Extraction _ _ . Test . Vitreous . Wheat
Rate = 06211 - 0.1173 Weight * 00132 - 10, =~ L1505 o in . (A.10)
R? = 0498 (8.894) (-0.877) (0.733) (- 3.806)

The third group of exogenous variables represents characteristics of the flour sold. In
addition to milled wheat, other ingredients can be included to produce aflour consistent with buyer

specifications. Primarily, wheat gluten which is 65 percent protein can be addedto milled wheat to
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produce a higher protein flour. This can bedone either by the baker or duringthe milling process.
In the spreadsheet model, adesired flour protein level was specified in the bekery activity of the
wheat supply chain, which will be dscussed later. The difference between protein frommilled
wheat and the customer specification is the amount of protein needed from wheat gluten (Figure
A.6, row 54). The second set of variables represents the proportion of milled wheat and wheat
gluten in one hundred pounds of flour (Figure A.6, rows 58 and 59). The third set of variables
recal culates the falling number, amylograph peak viscosity, flour ash, and wet gluten attributes for
the flour which now contains both milled wheat and gluten (Figure A.6, rows 61 through 64).
Equations 4.7 through 4.10 are used again, reflecting the proportions and atributes of milled wheat
and wheat gluten.

The fourth group of exogenous variables represents purchasing costs. The mill’ s wheat
purchase cost was estimated from the Minneapolis Grain Exchange price adjusted for protein
premiums and discounts and equates to the elevator’ s sales revenue (Figure A.6, row 67). These
values were discussed previously in both the elevation module andthe initial characteristics
module. In addition to wheat, mills may procure wheat gluten. The price of gluten wasestimated
from the U.S. Department of Commerce’s (1995) 1992 Census of Manufactures at $38 per one-
hundred pounds (cwt) (Figure A.6, row 68). The purchase cost variable wascalculated as the sum
of the milled wheat and wheat guten components in one-hundred pounds of flour (Figure A.6, row
69).

The fifth set of exogenous variables in the milling module deals with sales price. Like
wheat, floursare priced with premiumsand discountsfor protein. The amount of these adjustments
isequivalent for wheat and flour, recogni zing that approximately 0.5 percent protei nislost through
milling. In other words, the protein adjustment for 12.5 percent wheat and 12 percent flour would

be approximately the same. In addition, the adjustment has to be multiplied by the extraction rate
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to reflect the premium or discount on a hundredweight (cwt) of flour basis. An average extraction
rate for all wheat categories was used because price quotes are often made prior to any milling that
takes place, so exact extraction rates are unknown. In the model, sales price was simply a base
flour price, teken from industry sources, adjusted to reflect protein premiums and discounts (Hgure

A.6, row 72through 74).

Intermediate Variables
Intermediate variables represent the third section of this module. Variables weredefined
for flour mill operating cost, cleaning cost, inventory, procurement, and total activity cost. A
portion of the module where these variables were calculated has been reproduced in Figure A.7.
The operating cost variables were calculated intwo steps. First, a utilization factor was

determined (Figure A.7, column C, rows 79 through 85):

_0-C®,
F ) C% (A.11)

where UF is utilization factor, C% is percent of cost variable with utilization, and U% is utilization
as percent of full. Thisfactor isbased on the currentlevel of utilization and the proportion of each
cost item that varies with utilization, both of which were specified as decision variables. Second,
this factor was multiplied by the operaing cost assuming 100 percert utilization (Figure A.7,
columns D and E, rows 79 through 85). Asaresult, operating cost values reflect the specified level
of utilization. Finally, avariablewas defined as the sum of these operaing cost values (Figure A.7,
row 86).

Cleaning cost represents the second intermediate variable (Figure A.7, row 89). It was

calculated similarly asin the elevation module.
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86
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90
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96
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98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
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Intermediate Variables:

Operating Cost

Labor ($/cwt)

Utilities ($/cwt)

Maintenance & Repair ($/cwt)
Sampling / Testing ($/cwt)
Depreciation ($/cwt)

Interest ($/cwt)
Administration / Misc ($/cwt)
Operating Cost ($/cwt flour)

Cleaning Cost
Wheat Cleaning Cost ($/cwt flour)

Inventory
Daily Flour Production (cwt)

Wheat Inventory Cost:

Daily Requirements (bu)

Required Per Time Period (bu)
Shipments Received Per Time Period
Days Between Shipments

Average Wheat Inventory (bu)
Annual Inventory Cost ($)

Wheat Inventory Cost ($/bu)

Wheat Inventory Cost ($/cwt flour)

Flour Inventory:

Days Production on Hand
Average Flour Inventory (cwt flour)
Per Unit Investment ($/cwt)
Annual Inventory Cost ($)

Flour Inventory Cost ($/cwt)

Total Inventory Cost ($/cwt)

Procurement Costs

Inbound Material Movement Costs:
Intransit Inventory Cost ($/bu wheat)
Inbound Transit Cost ($/bu wheat)

Inbound Material Movement Cost ($/cwt)

Total Procurement Cost ($/cwt)

Total Activity Cost
Cost ($/cwt) excluding procurement
Cost ($/cwt)

1.0833
1.0278
1.0833
1.1000
1.1000
1.1000
1.1000
1.0833

5,863

6.63
38,877

$0.93
$0.26
$0.27
$0.00
$0.46
$0.22
$0.52
$2.66

$0.0194

12,841
385,223
5

6.6
42,105
$35,349
$0.0090
$0.0196

$11.217
$109,016
$0.061

$0.080

$0.0056
$0.372
$0.8280

$9.3471

$2.7580
$12.105

Figure A.7. Portion of the model reflecting flour mill intermediate variables.

$0.93
$0.26
$0.27
$0.00
$0.46
$0.22
$0.52
$2.66

$0.0196

12,968
389,048
5

6.5
42,003
$35,263
$0.0089
$0.0196

$11.078
$107,672
$0.060

$0.079

$0.0056
$0.372
$0.8362

$9.2169

$2.7574
$11.974

89

Adapted from Wheat Supply Chain Spreadsheet Model Flour Mill Sheet (B76:W123), page 13, Appendix B.
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The third group of intermed ate variableswas associated with invertory. Thefird variable
defined, dai ly flour production, was found by dividing annual producti on by annual operating days
(Figure A.7, row 92). Next, eight variables were defined in relation towheat inventory. These
were followed by five variablesdefined for flour inventory. Finally, avariable was defined that
summarized the wheat andflour inventory values.

To determine wheat inventory, daily wheat requirements were first estimated from daily
flour production and the extraction rates (Figure A.7, row 95), followed by adetermination of
wheat requirements for the time period (the time period will be discussed with the sunmary
module) (Figure A.7, row 96). Next, the number of shipments received during the time period and
the number of days between shipments were determined (Figure A.7, rows 97 and 98). Fifth,
average inventory was cdculated as one-half of the average shipment, taking into account the
wheat’ s test weight (Figure A.7,row 99). The total inventory cost variable was calcul ated by
multiplying averageinventory, procurement cost, and carrying cost (Figure A.7, row 100). The per
bushel wheat inventory cost variable was calculated by dividingtotal inventory cost by total whea
requirements which is the product of daily wheat requirements and annual operating days (Fgure
A.7,row 101). Thefinal wheat inventory intermediate variable calculated was a conversion of the
wheat inventory cost fromper bushel to per hundredweight of flour (Figure A.7, row 102).

Thefirst variable for determining flour inventory, the number of days' production on hand,
was determined by dividng annual gperating days by the turnover of finished goods inventory, both
decision variables (Figure A.7, row 105). Next, daily flour production was multiplied by the
number of days on hand to determine average flour inventory (Figure A.7, row 106). Thethird
variable, per unit investment in inventory, was the sum of procurement, operating, wheat cl eaning,
and wheat inventory costs on a per hundredweight of flour basis (FigureA.7, row 107).

Multiplying the averageinventory quantity by the per unit investment yielded total flour inventory
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cost (Figure A.7, row 108). Thefifthand final flour inventory variable, the per hundredweight of
flour inventory cost, was found by dividing total flour inventory cost by annual flour production for
the mill (Figure A.7, row 109).

Thefinal inventory variable is a summary of wheat and flour inventory costs. It was
defined as the sum of the per hundredweight of flour inventory costs for wheat and flour.

The fourth group of intermediate variabdes in the milling modul e represents procurement
costs. These costs were associated with the inbound movement and acquisition of wheat for the
milling activity. In addition to the purchasing cost previously specified, variables for inbound in-
transit inventory and transportation were defined. According to Coyle, Bardi, and Langley (1992),
in-transit inventory cog is a function of the percentage of timeinventory is in-transit per cycle
period, the quantity in-transit, the per unit value of goods in-transit, and the carrying cost of
inventory in-transit. Therefore, thecost of carrying in-transit inventory in the model was estimated

as

~

Intransit IC = —-Q-V'(

~

(A.12)

where t = : ,

Intransit ICisin-trangit inventory cost, ¢, is transit time, Q is the order or shipment quantity, V'is
the inventory’s per unit value, AITCC is annual in-transit inventory carrying cost, 7P is time period
in days, and R is requirements for time period (Coyle Bardi, and Langley, 1992). In+ransit
inventory cost was divided by the requirements for the time period to determine per unit in-transit

inventory cost (Figure A.7, row 115).
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Although the transportation rate for wheat is constant, the volume of wheat, or bushels, in a
particular shipment is influenced by thewheat’ s test weight. Therefore, the inbound transportation

cost, on aper bushel basis (Figure A.7, row 116), was estimated as

200,000
Bu = RC - 22200
= (A.13)

where Bu is bushels shipped, RC is number of 100 ton rail carstransported, and 77 is test weight
of wheat shipped.

Inbound procurement costs were summarized intwo steps. First, the intransit invertory
and inbound transit costs were summed and converted to a per hundredweight of flour basis (Fgure
A.7, row 117). Second, the wheat purchase cost and associated inbound costs were summed to
determine tatal procurement cost (Figure A.7, row 119).

Thefinal group of intermedate variablesin the flour milling modu e define total activity
cost. Thefirst variable, the sum of theoperating, cleaning, and inventory intermediate variables
(Figure A.7, row 122), excludes procurement and resembles value added by the milling activity.
The second variable encompasses all four of the intermediate cost variables. procurement,

operating, deaning, andinventory (Figure A.7, row 123).

Performance Measures

Performance measures represent the fourth section of this module. Flour mill margin was
used as the performance measurein the milling module (Figure A.8, row 128). It was found by
subtracting the intermediate variable for total activity cost from the sales revenue exogenous

variable for each wheat category.
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B C D E
125 Performance Measures:
126
127 Margin
128 Mill Margin ($/cwt) $1.549 $1.680

Figure A.8. Portion of the model reflecting flour mill performance measures.

Adapted from Wheat Supply Chain Spreadsheet Model Flour Mill Sheet (B125:W128), page 15, Appendix B.

Bakery Module

Bakeries produce an assortment of flour-derived products that are distributed to ultimate
end consumers. The bakery industry is comprised of three basic segments: bread, cake, and related
products; cookies and crackers; and frozen bakery products. Considerabledifferencesin the flour
and other ingredient regquirements exist among these segments. This model focused on the bread,
cake, and other related products segment. Within this segment, bread products dominate in number
of establishments, volume shipped, and value of product shipments (U.S. Dept. of Commerce,
1995).

Bread baking has becomeincreasingly automated in recent years. This has diminished the
ability of firmsto respond to variations in the quality attributes of ingredi ents, especially flour. As
aresult, the importance of conformance totechnical spedfications for ingredients has greatly
increased.

The bakery contains the same variable categories as the previous modules. decision,
exogenous, intermediate, and performance measures. This section of the modd refers to the bakery

sheet (reproduced as pages17 through 24 in Appendix B).
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Decision Variables
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Decision variables represent the first section of this module. Variables were defined for
bakery utilization, operating characteristics, operating costs, and flour procurement specifications.
A portion of the spreadsheet model where these decision variables exist was reproduced in Figure
A.9.

Thefirst decision variable concerns bakery units. In the model, the basis of abakery unitis
weight; and one unit was defined as 1,000 pounds of bread (Figure A.9, row 6).

The second group of decision variables concerns utilization. Bakery utilization was
measured on a percent of full utilization basis (Figure A.9, row 9). Because utilization impacts the
bakery’s per unit cost of gperation, the portion of each operating cost category that varies with
utilization was specified (Fgure A.9, rows 10 through 17). These data were not available and were
estimated sdely to illustrate the capability of the model.

The third group of decision variables relates to bakery operating characteristics. Variables
representing inventory turnover, throughput time, annual production, operating days, inventory
carrying cost, in-transit inventory carrying cost, and shipment size were defined (Figure A.9, rows
20 through 26). An inventory turnover value of 101.8 times per year and a throughput time of 1.9
days were obtained from a survey of firmsin the food industry by the Institute of Agribusiness at
Santa Clara University (Starbird and Agrawal, 1994). Third, an annual production value of 13.6
million pounds of bread was calculated fram data on white bread-producing firms in the 1992
Census of Manufactures (U.S. Department of Commerce). A value of 307 days was used for
annual operating days based on a six-day work week. The sixth variable, inventory carrying cost,
was valued as 25 percent of the firmi sinvestment in inventory. Next, avaue of 20 percent was
used for the intransit inventory carrying cost. Finally, inbound shipment size was defined in
hundredweight (cwt) units; there are approximeately 2,000 cwt in a single railcar which was the

value used inthe model.



96

The fourth group of decision variables represents operating costs for the bakery (Figure
A.9, rows 29through 38). Data for thelabor requirements, labor cost, utility requirements, utility
cost, maintenance and repair, and packaging and other materials variables were obtained from the
1992 Census of Manufactures data (U.S. Department of Commerce, 1995). Data for the sampling
or testing, depreciation, interest, and administration and miscellaneous variables wereunavailable,
and values were not estimated. Data used were representative of actual operating conditions,
reflecting unknown levels of utilization, but, for the model, were assumed to represent 100 percent
utilization in the firm.

The final group of decision variables concernsflour procurement specifications. Variables
were includedfor flour protan, falling number, absarption, peak time, and mixing tolerance (Figure
A.9, rows 41 through 45). Only the flour protein specification was linked to both the elevation and
flour milling activities. Flour product requirementsissued by the bakery tothe flour mill were
taken from industry sources (Moore, 1995). The following specifications for each product
characteristic were used: protein, 12.5 percent; falling number, 260 seconds or longer; farinograph

for absorption, 63 seconds; and farinogrgph for mixing tolerance index, 25 B.U. (Brabender unit).



40
41
42
43
44
45

Figure A.9. Portion of the model reflecting bakery decision variables.

B C
Decision Variables:
Unit (in Ibs) 1,000
Utilization
Current Utilization (%) 90
Labor (% Variable) 10
Electricity (% Variable) 75
Maint & Repair (% Variable) 10
Sampling / Testing (% Variable) 40
Depreciation (% Variable) 10
Interest (% Variable) 10
Admin / Misc (% Variable) 10
Packaging & Other materials (% Variable) 85
Operating Characteristics
Inventory Turnover (Times/Yr) 101.80
Throughput Time (Days) 1.90
Annual Production (Ibs) 13,600,000
Operating Days 307
Inventory Carrying Cost (%) 25
Intransit Inventory Carrying Cost (%) 20
Inbound Shipment Size (cwt) 2,000
Operating Costs (100% Utilization)
Labor ($/hr) $12.90
Labor (hr/Unit)
Electricity ($/kwh) $0.0629
Electricity (kwh/Unit)
Maint & Repair ($/Ibs) $12.20
Sampling / Testing ($/lbs) $0.00
Depreciation ($/lbs) $19.70
Interest ($/Ibs) $0.00
Administration / Misc. ($/Ibs) $102.30
Other Materials ($/Ibs)* $153.00

<11.5
Us1

Us 2

7.5

2091

7.5

2091

*includes other ingredients such as sweetners, yeasts, and fats and oils, and

packaging and other materials
Flour Product Specifications

Protein 12.50
Falling Number 260
Farino: Absorption 63
Farino: Peak Time 7
Farino: Mixing Tolerance 25

Adapted from Wheat Supply Chain Spreadsheet Model Bakery Sheet (B3:W45), page 17, Appendix B.
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Exogenous Variables

Exogenous variables represent the second section of this module. Variables were defined
for the dough characteristics of the procured flour, bakery efficiency, procurement cost, sales
revenue, and logistics characteristics. A portion of the spreadsheet model wherethese exogenous
variables exist was reproduced in Figure A.10.

Thefirst group of exogenous variableswas dough characteristics. These variables
represent technical relationships between flour characteristics and dough used to bake bread.
Baking absorption reflects the amount of water required for optimal dough mixture. It is expressed
as apercent of flour weight. Mixingtolerance index is a measure of protein “strength” and
indicates the length of time a dough mixture will remain stable. Baking absorption and mixing
tolerance index were the two dough characteristics included in this model (FigureA.10, rows 50
and 51). They were estimated by regression equations devel oped from the wheat characterigic data

set discussed previously (n=22):

Bakery _ . . Wheat
Absorplion ~ 53.1165 - 19.9217 - Flour Ash + 0.4735 - o, '~ . . (A.19)
R* = 0289 (10.374) (-2.224) (2.686)

MTI = 1252171 - 10.5102 - FP + 0.2690 - FFN - 0.029 - APV

R? = 0799 (2438) (- 2.507) (3.799) (- 7.237) ’ (A.15)

where MTI is mixing tolerance index, FP isflour protein, FFN isflour falling number, and APV is

amylogram peak viscosity.



99

B C D E
47 Exogenous Variables:
48
49 Dough Characteristics
50 Baking Absorption 59.87 60.31
51 Mixing Tolerance Index 28 25
52
53 Bakery Efficiency
54 Lbs Flour Required / Bread Unit 613.9991 612.3485
55
56 Purchase Cost
57 Flour Price ($/cwt) 13.65408 13.65408
58 Purchase Cost ($/Unit) $83.8360 $83.6106
59
60 Sales Price
61 White Bread Price ($/b) $0.6000
62
63 Logistics Characteristics
64 Rate ($/Shipment) $2,196.00
65 URCS ($/Shipment) $980.85
66 Transit Time (Days) 3

Figure A.10. Portion of the model reflecting bakery exogenous variables.

Adapted from Wheat Supply Chain Spreadsheet Model Bakery Sheet (B47:W66), page 19, Appendix B.

The second exogenous variable was bakery efficiency. Bakery efficiency was measured
through flour utilization (Figure A.10, row 54). The composition of bread was found to be a

function of flour content:

B e ve S oo
wnere = .
S(F) = 0.02 (A.16)
W({F) = BA ,

where B isbread, Y isdry yeast, S is shortening, F isflour, Wiswater, and B4 is bakery absorption
(Mooreet a., 1994).
The third group of exogenous vaiables refers to flour purchase costs. The flour price was

linked between the bakery and milling activities (Figure A.10, row 57). The second exogenous
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procurement variable converted flour procurement to a unit of bread basis (Fgure A.10, row 58).
This variable was found by dividing the flour price by 100 pounds, a hundredweight, and
multiplying it by the pounds of flour required to produce a unit of bread.

The fourth exogenous variable for the bakery module was sales price for apound of bread
(Figure A.10, row 61). A value of $0.60 per pound was based on calculations from 1992 Census of

Manufactures data (U.S. Department of Commerce, 1995) as

CM
P~
MUCTS (A.17)

where SP is sales price, TCM istotal cost of materials, and MCV'S is the materials cost as a
percentage of the value shipped.

The final set of exogenous variables relates tologistics costs. Inbound flour transportation
and flour transit time were the components of this group of exogenous variables. A single flour
railcar tariff rate for a’5,250 cubic feet car reflecting a shipment from Grand Forks, North Dakota,
to Chicago, lllinois, was used for the first variable, transportation cost per shipment, in the model
(Figure A.10, row 64). The cost o this shipment to the transportation serviceprovider was
estimated using the Uniform Rail Costing System (URCS) as was done similarly for thewheat
shipment at the elevation stage (Fgure A.10, row 65). A value of three days was used in the model
for the third variable, transit time (Figure A.10, row 66), and wasused to calculate in-trandt

inventory costs.

Intermediate Variables
Intermediate variables represent the third section of this module. Variables weredefined
for bakery operating cost, inventory, procurement, and total activity cost. A portion of the module

where these variables were calculated has beenreproduced in Figure A.11.
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The operating cost variables were calculated intwo steps. First, a utilization factor was
determined (Figure A.11, colurm C). Thisfactor is based on the current level of utilization and the
proportion of each cost item that varieswith utilization, which were both specified as decision
variables. Second, this factor was multiplied by the operating cost assuming 100 percent utilization
(Figure A.11, columns D and E, rows 71 through 78). As aresult, operating cost values reflect the
specified level of utilization. Finally, avariable was defined as the sum of these operating cost
values (Figure A.11, row 79).

The second group of intermediate variables was associated with inventory. The first
variable defined, daily white bread production, was found by dividingannual production by annual
operating days (Figure A.11, row 82). Next, variables related toflour inventory were defined,
followed by variables for bread inventory. Finally, a variable summarizing flour and bread
inventory values was defined.

For flour inventory, daily flour requirements were estimated from daily white bread
production and the pounds of flour required per pound of bread (Figure A.11, row 85). Then flour
requirements for the time period were determined (the time period will bediscussed with the
summary module) (Figure A.11, row 86). Next, the number of shipmentsreceived during the time
period and the number of daysbetween shipments were determined (Figure A.11, rows 87 and 88).
Fifth, average inventory was calculated as one-half of the shipment size (Figure A.11, row 89). The
total flour inventory cost variable was calculated by multiplying average inventory, procurement
cost, and carrying cost (FigureA.11, row 90). The per hundredweight (cwt) flour inventory cost
variable was calculated by dividingtotal flour inventory cost by total flour requirements, the
product of daily flour requirements and annual operating days (FigureA.11, row 91). Thefinal
flour inventory intermediate variable calculated was a conversion of the flour inventory cost from

per hundredwe ght (cwt) to per pound of bread (FigureA.11, row 92).
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B
Intermediate Variables:

Operating Cost

Labor ($/lbs)

Electricity ($/Ibs)

Maint & Repair ($/Ibs)

Sampling / Testing ($/Ibs)
Depreciation ($/Ibs)

Interest ($/Ibs)

Administration / Misc. ($/Ibs)
Packaging & Other materials ($1bs)
Operating Cost ($/Ibs)

Inventory
Daily Production (Units)

Flour Inventory:

Daily Requirements (cwt)

Required Per Time Period (cwt)
Shipments Received Per Time Period
Days on Hand

Flour Inventory (cwt)

Annual Inventory Cost ($)

Flour Inventory Cost ($/cwt)

Flour Inventory Cost ($/Bread Unit)

White Bread Inventory:

Days on Hand

Bread Inventory (lbs)

Per Unit Investment ($/Unit)
Annual Inventory Cost ($)

White Bread Inventory Cost ($/Untt)

Total Inventory Cost ($/Unit)

Procurement Cost

Inbound Material Movement Costs:
Intransit Inventory Cost ($/cwt flour)
Inbound Transit Cost ($/cwt flour)
Inbound Material Movement Cost ($/unit)

Total Procurement Cost ($/unit)
Total Activity Cost

Cost ($/Unit) excluding procurement
Cost ($/Unit)

1.1000 $106.425
1.0278 $13.515
1.1000 $13.420

1.0667 $0.000
1.1000 $21.670
1.1000 $0.000

1.1000 $112.530
1.0167 $155.550

$423.110

44.3

272
8,160
4.1

7.4
1,000
$3,414
$0.041
$0.2510

3.02
134
$507.197
$16,940
$1.2456

$1.4966

$0.0228
$1.0980
$6.8814

$90.7174

$424.607
$515.324

Figure A.11. Portion of the model reflecting bakery intermedate variables.

$106.425
$13.515
$13.420
$0.000
$21.670
$0.000
$112.530
$155.550
$423.110

271
8,138
41

7.4
1,000
$3,414
$0.041
$0.2510

$506.972
$16,932
$1.2450

$1.4960

$0.0228
$1.0980
$6.8629

$90.4735

$424.606
$515.080

Adapted from Wheat Supply Chain Spreadsheet Model, Bakery Sheet (B68:W113), page 21, Appendix B.
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White bread inventory was determined by first computing the number of days production
on hand. Thiswas determined by dividing annual operating days by the turnover of finished goods
inventory, both decision variables(Figure A.11, row 95). Next, daily white bread production was
multiplied by the number of days on hand to determine average white bread inventory (Figure A.11,
row 96). The third variable per unit investment in inventory, was the sum of procuremert,
operating, and flour inventory costs on a per pound of white bread basis (Figure A.11, row 97).
Multiplying the average inventory quantity by the per unitinvestment yielded total white bread
inventory cost (Figure A.11, row 98). The fifth and final white bread inventory variable, the per
pound of white bread inventory cost, was found by dividing total white bread inventory cost by
annual white bread production for the bakery (FigureA.11, row 9).

Total inventory cost was defined as the sum of flour inventory costs and white bread
inventory costs. This variable wascalculated on a per pound of white bread bass (Figure A.11,
row 101).

The third group of intermediate variablesin the bakery module concerns procurement costs.
These costs were associated with the inbound movement and acquisition of flour for the baking
activity. In addition to the purchasing cost previously specified, variables for inbound in-transit
inventory and transportation were defined. The equation used to determine in-transit inventory
costs for the bakery was the same as for the milling activity (Figure A.11, row 105). Unlike the
wheat shipment, the inbound flour transportation cost, on a per hundredweight basis, was a
constant. It was estimaed by dividing the shipment’ s total transportation cost by the quantity
shipped (Figure A.11, row 106).

Inbound procurement costs were summarized intwo steps. First, the intransit invertory

and inbound transit costs were summed and converted to a per unit of bread basis (Figure A.11, row
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107). Second, the flour purchase cost and associated inbound costs were summed to determine
total procurement cost (Figure A.11, row 109).

The final group of intermediate variablesin the bakery module concerns total activity cost.
The first variable was the sum of the operating and inventory intermediate variables (Figure A.11,
row 112). This variable excludes procurement and resembles the value-added by the baking
activity. The second variable encompasses all three of the intermediate cost variables:

procurement, operating, and inventary (FigureA.11, row 113).

Performance Measures

Performance measures represent the fourth section of this module. Bakery margin was
used as the performance measurein the baking module (Figure A.12, row 118). It was found by
subtracting the intermediate variable for total activity cost including procurement from the sales

revenue exogenous variable for each category.

B C D E
115 Performance Measures:
116
117 Margin
118 Bakery Margin ($/Unit) $84.676 $84.920

Figure A.12. Portion of the model reflecting bakery performance measures.

Adapted from Wheat Supply Chain Spreadsheet Model Bakery Sheet (B115:W118), page 23, Appendix B.

Summary Module
The final component of the spreadsheet model was a summary module. This module
summarized the cost and revenue variables for the elevation, wheat transportation, flour milling,

flour transportation, and baking activities. The margns for each of the activities also are
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summarized in thismodule. All variables were converted to the bakery’ sunit of measure. This
section of themodel refersto the supply chain sheet which was reproduced as pages 25 and 26 in

Appendix B. A portion of the module where these variables exist was reproduced in Figure A.13.

A B C D
1 Analysis Time Period (days) 30
2
3 Bin Identification
4 <11.5
5 UsS 1 UsS 2
6 Activity Results: ($/1000 lbs bread)
7
8 Elevator
9 Cost/Unit $44.8276 $45.1511
10 Revenue/Unit $45.1566 $45.4823
11 Profit/Unit $0.3289 $0.3313
12
13 Transport
14 Cost/Unit $1.4144 $1.4246
15 Revenue/Unit $5.0087 $5.0449
16 Profit/Unit $3.5944 $3.6203
17
18 Mill
19 Cost/Unit $74.3255 $73.3246
20 Revenue/Unit $83.8360 $83.6106
21 Profit/Unit $9.5105 $10.2860
22
23 Transport
24 Cost/Unit $3.0112 $3.0031
25 Revenue/Unit $6.7417 $6.7236
26 Profit/Unit $3.7305 $3.7205
27
28 Bakery
29 Cost/Unit $515.3244  $515.0800
30 Revenue/Unit $600.0000  $600.0000
31 Profit/Unit $84.6756 $84.9200
32
33 Total
34 Total Cost/Unit $638.9031 $637.9834
35 Total Revenue/Unit $740.7430 $740.8614
36 Profit/Unit $101.8398 $102.8780

Figure A.13. Portion of the model reflecting the supply chain summary cal culations.

Adapted from Wheat Supply Chain Spreadsheet Model Supply Chain Sheet (B1:W36), page 25, Appendix B.
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The Wheat Supply Chain Spreadsheet Model
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Figure B.2. Spreadsheet formulas for the €l evator activity.

Elevator Formulas
B
Decision Variables:

Utilization

Current Utilization (%)
Labor (% Variable)
Utilities (% Variable)

Maint. & Repair (% Variable)
Sampling / Testing (% Variable)

Depreciation (% Variable)
Interest (% Variable)
Admin. / Misc. (% Variable)
Cleaning (% Variable)

Operating Characteristics

Turnover (volume)
Capacity (bu)

Operating Days

Cleaner Capacity (bu/hr)

Cleaning Cost Passed On (%)
Inventory Camying Cost (%)

Average Inventory

Operating Costs (100%
Utilization)

Labor ($/bu)

Utilities ($/bu)

Maint. & Repair ($/bu)
Sampling / Testing ($/bu)
Depreciation ($/bu)
Interest ($/bu)

Admin. / Misc. ($/bu)
Cleaner Cost ($/hour)
Gross Margin ($/bu)

Exogenous Variables:

Protein Adjustment
Adjustment ($/bu)

90
60
75
25
10

10

50

2.27
600000
307
1000
100

25
42500

0.0335
0.00584
0.00277
0.001
0.00995
0.0082
0.0303
5.05

134

-0.15

=VLOOKUP(('"Wheat Data'l C6), 'Wheat
Data'l$D$44:$E$66, 2, TRUE)
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42 Sales Price

43 Price ($/bu) ='Wheat Data'l$D41+D40-
($C22/100*D61)

44

45 Intermediate Variables:

46

47 Procurement Cost

48 Price ($/bu) =D43+D35

49

50 Operating Cost

51 Labor ($/bu) =((1/($C$7/100)) * (1- =$C27*$C51
(C8/100))) +(C8/100)

52 Utilities ($/bu) =((1/($C$7/100)) * (1- =$C28*$C52
(C9/100))) +(C9/100)

53 Maint. & Repair ($/bu) =((1/($C$7/100)) * (1- =$C29*$C53
(C10/100))) +
(C10/100)

54 Sampling / Testing ($/bu) =((1/($C$7/100)) * (1- =$C30*$C54
(C11/100))) +
(C11/100)

55 Depreciation ($/bu) =((1/($C$7/100)) * (1- =$C31*$C55
(C12/100))) +
(C12/100)

56 Interest ($/bu) =((1/($C$7/100)) * (1- =$C32*$C56
(C13/100))) +
(C13/100)

57 Admin. / Misc. ($/bu) =((1/($C$7/100)) * (1- =$C33*$C57
(C14/100))) +
(C14/100)

58 Operating Cost ($/bu) =((1/($C$7/100)) * (1- =SUM(D51:D57)
(C15/100))) +
(C15/100)

59

60 Cleaning Cost

61 Cleaning Cost ($/bu) =IF(("Wheat Data'!C8)>'Flour

Mill"'$D$38, ($C34*$C58)/((0.7449-
(0.1019*('Wheat Data'! C8)) +
(0.3882*('Flour Mill''$D$38))) *$C$21),0)

62

63 Inventory Cost

64 Per Unit Investment =D48+D58+D61

65 Average Inventory (bu) =$C24*'Wheat Data'!C17

66 Annual Inventory Cost ($) =D65*($C$23/100)*D64

67 Inventory Cost ($/bu) =D66/(($C$19*$C$18)*Wheat

Data'lC17)
Figure B.2. Continued.



68
69
70
71
72
73
74
75
76

Total Activity Cost
Cost ($/bu) excluding procurement
Cost ($/bu)

Performance Measures:

Margin
Elevator Margin ($/bu)

Figure B.2. Continued.

=D58+D61+D67
=D70+D48

=D43-D71
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Figure B.3. Spreadsheet for mulas for the fl our mill activity.

Flour Mill Fomulas
B
Decision Variables:

Utilization

Current Utilization (%)

Labor (% Variable)

Utilities (% Variable)

Maint. & Repair (% Variable)
Sampling / Testing (% Variable)
Depreciation (% Variable)
Interest (% Variable)

Admin. / Misc. (% Variable)
Wheat Cleaning (% Variable)

Operating Characteristics

Finished Goods Inventory
Turnover (Times/Yr)

Annual Production (cwt)
Operating Days

Cleaner Capacity (bu/hour)
Inventory Camrying Cost (%)

Intransit Inventory Carrying Cost
(%)

Inbound Shipment Size (100 tons)

Operating Costs (100%
Utilization)

Labor ($/cwt)

Utilities ($/cwt)

Maintenance & Repair ($/cwt)
Sampling / Testing ($/cwt)
Depreciation ($/cwt)

Interest ($/cwt)

Admin. / Misc ($/cwt)
Cleaning Cost ($/hour)

Wheat Product Specifications
Dockage Procured (%)

Dockage Prior to Milling (%)

Exogenous Variables:

90
25
75
25
10
10
10
10
25

46.3

1800000
307
1000

25

20

26

0.86
0.25
0.25

0.42
0.2
0.47
6

0.1
0.001
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42
43
44

45

46

47

48

49
50
51

52

53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68

69
70
71
72

Milled Wheat Characteristics
Protein

Falling Number
Amylograph Peak Viscosity

Flour Ash

Wet Glutten

Mill Efficiency
Extraction Rate

Bushels Wheat = 1 cwt Flour

Characteristics of Flour Sold
Added Protein

Net Flour Protein

Proportions:
Milled Wheat
Wheat Glutten (65% protein)

Falling Number
Amylograph Peak Viscosity
Flour Ash

Wet Glutten

Procurement Cost
Wheat Price ($/bu)

Glutten Price ($/cwt)
Procurement Co st ($/cwt flour)

Sales Price

Figure B.3. Continued.
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=IF("Wheat Data'l C35 > 0, 1.8+('"Wheat
Data'lC24*0.7919),0)

=IF('Wheat Data'lC35>0, 93.51 +('Wheat
Data'l C25 * 0.7689), 0)

=IF('Wheat Data'!C35>0,(-3060.3167
+(14.3858*'Wheat Data'lC25)),0)

=IF('Wheat Data'!C35>0, (0.2098+
(0.008*W heat Data'l C32)+
(0.1164*'Wheat Data'!C34)),0)

=IF('Wheat Data'!C35>0, (4.1963+
(2.5871*'Wheat Data'lC24)+(-0.01*
'Wheat Data'lC25))+(D60*65), 0)

=|F('Wheat Data''C35>0, 90.6211-
(0.1173*'Wheat Data'lC27)+(0.0132*
'Wheat Data'lC29)-(1.1505*Wheat
Data'lC24),0)

=IF("Wheat Data'lC27>0,(1/(D51/100))
/(‘Wheat Data'l C27/100),0)

=|IF("Wheat Data''C35>0,IF(D44<
Bakery!$C$40,Bakery!$C$40-D44,0),0)

=D44+D55

=1/(1+(D55/65))
=(D55/65)/(1+(D55/65))

=D45
=(D59*D46)+(D60*$X46)
=(D59*D47)+(D60*$X47)
=(D59*D48)+(D60*$X48)

='Wheat Data'!$D$41+(VLOOKUP
((‘'Whe at Data'! C24),"W heat Data'!
$D$44:$E$70,2, TRUE))

38
=D68*D59*D52+D69*D60
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73 Base Flour Pirce ($/cwt) 14
74 Flour Protein Adjustment ($/cwt) =$X$52*VLOOKUP((D56+0.5), 'Wheat
Data'l$D$44:$E$70, 2, TRUE)
75 Price Received ($/cwt flour) =$C73+D74
76
77 Logistics Characteristics
78 Rate ($/Shipment) 31356
79 Transit Time (Days) 3
80
81 Intermediate Variables:
82
83 Operating Cost
84 Labor ($/cwt) =((1/($C$8/100)) * (1- =$C28*$C84
(C9/100))) +(C9/100)
85 Utilities ($/cwt) =((1/($C$8/100)) * (1- =$C29*$C85
(C10/100))) +
(C10/100)
86 Maintenance & Repair ($/cwt) =((1/($C$8/100)) * (1- =$C30*$C86
(C11/100))) +
(C11/100)
87 Sampling / Testing ($/cwt) =((1/($C$8/100)) * (1- =$C31*$C87
(C12/100))) +
(C12/100)
88 Depreciation ($/cwt) =((1/($C$8/100)) * (1- =$C32*$C88
(C13/100))) +
(C13/100)
89 Interest ($/cwt) =((1/($C$8/100)) * (1- =$C33*$C89
(C14/100))) +
(C14/100)
90 Admin. / Misc. ($/cwt) =((1/($C$8/100)) * (1- =$C34*$C90
(C15/100))) +
(C15/100)
91 Operating Cost ($/cwt flour) =((1/($C$8/100)) * (1- =SUM(D84:D90)
(C16/100))) +
(C16/100)
92
93 Cleaning Cost
94 Wheat Cleaning Cost ($/cwt flour) =IF(D38<=D39, 0, ($C35*$C91)/
((0.7449-(0.1019*(D38))+(0.3882*
(D39)))*$C$22)* (D52*D 59))
95
96 Inventory
97 Daily Flour Production (cwt) =C20/C21
98
99 Wheat Inventory Cost:
100 Daily Requirements (bu) =$C$97*D59*D52

Figure B.3. Continued.



101
102

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

120
121
122
123
124

125
126
127
128

129
130
131
132
133
134
135
136

Required Per Time Period (bu)

Shipments Received Per Time
Period

Days Between Shipments
Average Wheat Inventory (bu)
Annual Inventory Cost ($)

Wheat Inventory Cost ($/bu)
Wheat Inventory Cost ($/cwt flour)

Flour Inventory:
=C21/C19
Average Flour Inventory (cwt flour) =C97*C110

Days Production on Hand

Per Unit Investment ($/cwt)
Annual Inventory Cost ($)
Flour Inventory Cost ($/cwt)

Total Inventory Cost ($/cwt)

Total Activity Cost

Cost ($/cwt) excluding
procurement

Cost ($/cwt)
Logistics Cost

Inbound Transportation:
Cost ($/bu wheat)

Cost ($/cwt flour)

Intransit Wheat Inventory:
Cost ($/bu wheat)

Cost ($/cwt flour)

Inbound Logistics Cost ($/cwt)

Performance Measures:

Margin
Mill Margin ($/cwt)

Figure B.3. Continued.
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=D100*'Supply Chain'$D$1

=(D101*'W heat Data'!C27/2000)/
($C$25%100)

='Supply Chain''$D1/Flour Mill' D102
=($C25*200000/'Wheat Data'l C27)/2
=D104*D68*($C23/100)
=D105/(D100*$C21)
=D106*D59*D52

=D70+D91+D94+D107
=$C$23/100*$C$111*D112
=D113/$C$20

=D114+D107

=D91+D94+D116

=D119+D70

=$C78/(($C25*200000)'Wheat
Data'lC27)

=D124*D59*D52

=(($C79/('Supply Chain'!$D1*
($C25*200000/'Wheat Data'lC27)/
D101))*($C 25*2000 00/'W heat Data'l
C27)*D68*(($C24/100)/360* Supply
Chain'! $D1))/D101

=D128*D59*D52

=D129+D125

=D75-(D120+D131)
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9
10
11
12
13
14
15
16

17
18
19
20
21
22
23
24

25
26
27

28
29
30
31
32
33
34
35
36
37

38
39
40
41
42

Bakery Formulas
B
Decision Variables:

Utilization

Current Utilization (%)

Labor (% Variable)

Electricity (% Variable)

Maint & Repair (% Variable)
Sampling / Testing (% Variable)
Depreciation (% Variable)
Interest (% Variable)

Admin. / Misc (% Variable)

Packaging & Other materials (%
Variable)

Operating Characteristics
Inventory Turnover (Times/Yr)
Throughput Time (Days) ?7?7??
Annual Production (lbs)
Operating Days

Inventory Camying Cost (%)
Intransit Inventory Carrying Cost
(%)

Inbound Shipment Size (cwt)

Operating Costs (100%
Utilization)

Labor ($/hr)

Labor (hr/lbs)

Electricity ($/kwh)
Electricity (kwh/Ibs)
Maint & Repair ($1bs)
Sampling / Testing ($/lbs)
Depreciation ($/1bs)
Interest ($/bs)

Admin. / Misc. ($/lbs)
Packaging & Other materials

($/1bs)

Flour Product Specifications
Protein

Falling Number

Farino: Absorption

90
10
75
10
40
10
10
10
85

101.8

1.9
13600000
307

25

20

2000

12.9

0.0075
=143.3/2278.6

0.2091
0.0122

12.5
260
63

Figure B.4. Spreadsheet for mulas for the baking activity.
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43
44
45
46
47
48
49

50

51
52
53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

70

71

72

73

Farino: Peak Time
Farino: Mixing Tolerance

Exogenous Variables:

Dough Characteristics
Baking Absorption

Mixing Tolerance Index

Bakery Efficiency
Lbs Flour Required /Lb Bread

Procurement Cost
Flour Price ($/cwt)
Procurement Cost ($/bs)

Sales Price
White Bread Price

Logistics Characteristics
Rate ($/Shipment)
Transit Time (Days)

Intermediate Variables:

Operating Cost
Labor ($/Ibs)

Electricity ($/lbs)

Maint & Repair ($1bs)

Sampling / Testing ($/lbs)

Depreciation ($/1bs)

Figure B.4. Continued.

25

0.4985

2196

=((1/($C$8/100)) * (1-
C9/100))) + (C9/100)
=((1/($C$8/100)) * (1-
(C10/100))) +
(C10/100)
=((1/($C$8/100)) * (1-
(C11/100))) +
(C11/100)
=((1/($C$8/100)) * (1-
(C12/100))) +
(C12/100)
=((1/($C$8/100)) * (1-
(C13/100))) +
(C13/100)

142

=IF(Wheat Data'lC35>0, (53.1165+(-
19.9217*Flour Mill'l D64)+(0.4735* 'Flour
Mill'ID65)),0)

=IF('Wheat Data'!C35>0, (1252171-
(10.5102*Flour Mill''D56)+(0.269* 'Flour
Mill''D62)-(0.029* Flour Mil''D63)),0)

=IF('Wheat Data'lC35>0,
(1/(1.03+(D49/100))),0)

='Flour Mill'D75
=D56/100*D53

=D29*$C$28*$C69

=D31*$C$30*$C70

=$C32*$C71

=$C33*$C72

=$C34*$C73



74

75

76

77
78
79
80
81
82
83
84
85

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

103
104
105
106
107
108

Interest ($1bs) =((1/($C$8/100)) * (1-
(C14/100))) +

(C14/100)
=((1/($C$8/100)) * (1-
(C15/100))) +
(C15/100)
=((1/($C$8/100)) *
(C16/100))) +
(C16/100)

Admin. / Misc. ($/lbs)

Packaging & Other materials
($/1bs)

(1-

Operating Cost (%Ibs)

Inventory

Daily Production =C21/C22
Flour Inventory:

Daily Requirements (cwt)

Required Per Time Period (cwt)

Shipments Received Per Time
Period

Days on Hand

Flour Inventory (cwt)

Annual Inventory Cost ($)

Flour Inventory Cost ($/cwt)

Flour Inventory Cost ($/Ibs bread)

White Bread Inventory:
Days on Hand =C22/C19
Bread Inventory (Ibs) =C93*C80
Per Unit Investment ($/Ibs)

Annual Inventory Cost ($)

White Bread Inventory Cost ($/Ibs)

Total Inventory Cost ($/Ibs)

Total Activity Cost

Cost ($/Ibs) excluding
procurement

Cost ($/lbs)

Logistics Cost
Inbound Transportation:
Cost ($/cwt flour)

Cost ($/Ibs bread)

Figure B.4. Continued.
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=$C35*$C74

=$C36*$C75

=$C37*$C76

=SUM(D69:D76)

=$C80*D53/100
=D83*'Supply Chain'!$D1
=D84/$C25

='Supply Chain''$D1/D85
=D86*D83/2
=D87*D56*($C23/100)
=D88/(D83*$C22)
=D89/100*D53

=(D89/100*D53)+D77+D57
=$C94*D95*($C23/100)
=D96/$C21

=D97+D90

=D99+D77

=D99+D77+D57

=$C63/($C25*100)
=D107/100*D53



109
110 Intransit Flour Inventory:
111 Cost ($/cwt flour)

112 Cost ($/Ibs bread)

113

114 Inbound Logistics Cost ($/Ibs)
115

116 Performance Measures:

117

118 Margin

119 Bakery Margin ($/bs)

Figure B.4. Continued.
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=(($C64/('Supply Chain'!$D1 *$C25/
D84))*$C25*D5 6*(($C24/ 100)/
360*'Supply Chain$D1))/ D84
=D111/100*D53

=D112+D108

=$C60-(D103+D114)
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1

12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Supply Chain Formulas

B

Analysis Time Period (days)

Activity Costs:

Elevation
Procurement

Operating

Inventory

Subtotal

Transportation
Intransit Inventory
Subtotal

Milling
Procurement
Operating

Inventory
Subtotal

Transportation
Intransit Inventory
Subtotal

Bakery
Procurement
Operating
Inventory
Subtotal

Total ($/1000 Ibs bread)

Activity Margins:

145

30

Bin Identification
A

uUus1

($/1000 Ibs bread)

=((ElevatoriD48*'Flour Mill'$D$52*'Flour
Mill"'$D$59)/100*Bakery!$D$53)*1000

=(((Elevator!'D58+Elevator!D61)*'Flour
Mill''$D$52*'Flour
Mill"'$D$59)/100*Bakery!$D$53)*1000

=((Elevator'D67*'Flour Mill! $D$52*'Flour
Mill''$D$59)/ 100*Bakery!$D$53)*1000

=SUM(C9:C11)

=('Flour Mil''D125/100*Bakery!D53)*1000
=('Flour Mill''D129/100*Bakery!D53)*1000
=SUM(C14:C15)

=('"Flour Mill''D70/100*Bakery!D53)*1000

=(("Flour Mill""D91+'Flour
Mill''D94)/100*Bakery!D53)*1000

=('Flour Mil''D116/100*Bakery!D53)*1000
=SUM(C19:C21)

=(Bakery!D108)*1000
=(Bakery!D112)*1000
=SUM(C24:C25)

=(Bakery!D57)*1000
=(Bakery!D77)*1000
=(Bakery!D99)*1000
=SUM(C29:C31)

=C12+C16+C22+C26+C32

Figure B.5. Spreadsheet for mulas for the supply chain summary.



37
38 Elevation

39

40 Milling

41

42 Bakery

43

44 Total ($/1000 Ibs bread)
Figure B.5. Continued.

=((ElevatorlD76*'Flour Mill'D52*'Flour
Mill''D59)/100*Bakery!D53)*1000

=("Flour Mill''D136/100*Bakery!D53)*1000

=(Bakery!D119)*1000

=SUM(C38:C42)
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